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Introduction: The impact of prehabilitation remains controversial due to a short presurgical waiting
period and the diminished capacity of the patient population. A strategy to augment and optimize the
effectiveness of prehabilitations for abdominal cancer patients may be found in the unlikely field of sport
science. We investigated the use of blood flow restriction training and sport nutrition supplementation
to augment functional capacity and increase muscle strength in twenty-four abdominal cancer patients
awaiting surgery.
Materials and methods: The sport science-based program was comprised of blood flow restriction ex-
ercise 5 to 6 times per week and a daily sports nutrition supplement containing L-citrulline, creatine
monohydrate, and whey protein. Results: After 4 weeks of prehabilitation, 6-min walk test, timed up and
go, short physical performance battery, 5-chair stand test and physical component score of quality of life
were significantly improved (all p < 0.05). Total body and appendicular lean mass as assessed by dual
energy X-ray absorptiometry increased by 0.73 ± 1.04 kg (p ¼ 0.004) and 0.42 ± 0.64 kg (p ¼ 0.006),
respectively. Total body fat mass and trunk fat mass decreased (p ¼ 0.004 and p ¼ 0.021). There were no
significant changes in hand grip strength, fear of falling, the mental component summary of quality of
life, or fasting serum concentrations of myostatin, follistatin, and growth hormone.
Conclusion: A multimodal prehabilitation program, which encompasses blood flow restriction training
and sports nutrition supplements, is both feasible and effective in improving lean mass and physical
function in abdominal cancer patients prior to surgery.
© 2021 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

While cancer patients are not competing athletically, their
bodies are physically battling and competing as cancer is accom-
panied by physical dysfunction, cachexia, and malnutrition [1,2].
Chemotherapy and/or radiation therapies are suggested treatments
for gastrointestinal cancer patients, especially for those who
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experience metastasis or resistance of malignant tumors [3].
However, these therapies may introduce an additional physiolog-
ical challenge of putting patients at risk of deconditioning and
frailty prior to surgery [4]. Gastrointestinal cancer treatment side
effects such as nausea, vomiting, diarrhea, and malabsorption as
well as the catabolic effects of cancer are associated with poor
nutritional status, which in turn place these patients at risk for
hospitalization andmore frequent complications [5]. Given this, the
Investigation of patient optimization along the cancer care con-
tinuum is of vital importance for individuals with gastrointestinal
cancer.

Elderly patients are often sedentary and passively waiting prior
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Table 1
Selected participant characteristics.

Variable Means ± SD or n

Males/Females, n 10/14
Age, y 64.9 ± 9.8
Height, cm 166 ± 12
BMI, kg/m2 27.6 ± 6.0
24-h Dietary Recall (kcal/day) 1376 ± 396
Ethnicity, n
Caucasian 18
Black 0
Hispanic/Latino 6
Asian 0
Cancer Type, n
Pheochromocytoma/Adrenocortical 2
Colon or/with Hepatic Metastasis 6
Esophageal 1
Gall Bladder 1
Jejunum 1
Pancreas 9
Rectal or/with Hepatic Metastasis 1
Retroperitoneal 1
Small Intestine or/with Hepatic Metastasis 2
Cancer Stage, n
1 2
2 2
3 6
4 14
Surgery Complexity, n
1 (simple) 2
2 (intermediate) 9
3 (complex) 13
Edmonton Frailty score 4.8 ± 2.7
NSQIP Predicted
Any Complication, % 22.5 ± 10.3
Serious Complication, % 19.3 ± 8.9
Length of Stay, days 7.0 ± 3.2
Readmission, % 14.4 ± 5.6

BMI¼ Body mass index, NSQIP¼ National Surgical Quality Improvement Program.

Fig. 1. Flow chart of study recruitment and participation.
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to surgery [6]. Physical inactivity can have detrimental effects on
preservation of physiological reserve as it leads to loss of muscle
mass and reduction in physical capacity and activities of daily
living. The concern of muscle atrophy is of particular importance
given that the primary large muscle groups used for ambulation
and transferring position are the most greatly affected by inactivity
[7]. Additionally, lower preoperative physical function is associated
with increased risk for surgical complications [8].

Integration of physical exercise and sport nutrition supple-
mentation as a means of preparation for a major surgery is
particularly attractive since prehabilitation programs are associated
with improvements in functional capacity and recovery [9,10].
Given that the incidence of postoperative complications for
gastrointestinal cancer patients undergoing surgery ranges from 25
to 60% [11e14], there is an urgent need to create preliminary steps
which prepare the patients more adequately for the stress of sur-
gery [15]. Abdominal cancer patients, however, are often chal-
lenged by frailty and short window of time (~4 weeks) to intervene
prior to surgery. Blood flow restriction (BFR) training may present
an ideal intervention for abdominal cancer patients as it increases
lean muscle mass in as little as 4-weeks when combined with low-
intensity resistance training [16,17]. The extent of muscle hyper-
trophy and strength induced by BFR training is similar to that of
heavy resistance training [16]. In recent years, BFR training has
been used safely and effectively in elderly and physically-limited
populations [18,19]. Given the frail state of older patients with
abdominal cancers, BFR may provide substantial and obtainable
physiological benefits prior to surgery as a means to increase lean
muscle mass and physical function while simultaneously address-
ing the catabolic state of the patient population. We reasoned that
sports nutrition supplements could facilitate the training adapta-
tions induced by BFR. In particular, creatinemonohydrate andwhey
protein, often used by athletes, are known to increase fat free mass
in combination with exercise and resultantly reduce frailty [20].
Furthermore, frequently-used sport nutrition supplement, L-
citrulline, which acts as a precursor to arginine, is known to play a
role in both exercise performance and immunomodulation wound
healing [21].

Accordingly, the purpose of this study was to investigate the use
of a 4-week blood flow restriction training and sport nutrition
supplementation as a pre-surgical prehabilitation to augment
functional capacity and increase muscle strength in patients with
abdominal cancer awaiting surgery. We hypothesized that a home-
based, BFR prehabilitation program combined with sport nutrition
aids will increase physical function, lean body mass, and quality of
life.

Materials and methods

Participants

Twenty-four abdominal cancer patients who had planned
cancer-related abdominal surgeries participated in the study
(Table 1). During routine clinic visits, eligible candidates who
agreed to participate were cleared by their attending physicians to
participate in the study and provided written informed consent
(Fig. 1). This study was approved by the local institutional review
board for human research and registered with Clinical Trials
(NCT04073381).

Exclusion from participation in this study included: (i) uncon-
trolled or active angina; (ii) New York Heart Association Class 3 or 4
heart failure; (iii) a myocardial infarction within the last 6 months;
(iv) severe/uncontrolled hypertension (systolic blood pressure
�180 mmHg and/or diastolic blood pressure �120 mmHg); (v)
uncontrolled diabetes (fasting blood glucose concentration
2

>400 mg/dL); or (vi) American Society of Anesthesiologists health
status grade IVeV.

Additionally, exercise training and nutrition-related exclusion
criteria included: (i) severe orthopedic conditions that prohibit or
impede exercise; (ii) wheelchair dependence; (iii) co-morbid
medical conditions interfering with the ability to perform



Table 2
Body composition determined by dual-energy x-ray absorptiometry and changes in
fasting serum concentration of growth hormone, myostatin, and follistatin before
and after the prehabilitation program.

Variable Baseline After Sig. (p)

Body Composition Mean ± SD Mean ± SD
Body weight (kg) 75.3 ± 19.2 75.5 ± 18.6 0.576
Total body fat mass (kg) 36.0 ± 10.7 35.3 ± 10.7 0.004*
Total body lean mass (kg) 45.2 ± 12.3 46.0 ± 12.2 0.004*
Appendicular lean mass (kg) 19.8 ± 6.3 20.2 ± 6.2 0.006*
Appendicular lean mass/BSA (kg/m2) 10.7 ± 2.2 11.0 ± 2.1 0.002*
Trunk fat mass (kg) 15.2 ± 8.2 14.8 ± 7.7 0.021*
Trunk lean mass (kg) 22.9 ± 6.3 23.1 ± 6.0 0.247
Blood Marker Mean ± SEM Mean ± SEM
Growth hormone (pg/mL) 2531 ± 663 1885 ± 505 0.483
Myostatin (pg/mL) 3047 ± 1376 3096 ± 1045 0.844
Follistatin (pg/mL) 1568 ± 158 1600 ± 153 0.856

BSA¼Body surface area, *p < 0.05.
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exercise; (iv) severely impaired ambulation (i.e., patients with un-
controlled neuromuscular disorders); (v) history of acute deep
venous thrombosis within the last 6 months; (vi) inability to
comply with exercise instructions upon evaluation; (vii) taking
medication/supplements containing nitrites or nitrates; (viii) al-
lergies to creatine monohydrate; (ix) allergies or intolerance to
artificial sweeteners such as Sucralose, Xylitol, Aspartame, or Ste-
via; (x) simultaneous participation in a pharmacotherapy trial; or
(xi) estimated glomerular filtration rate <30 ml/min and not
currently on dialysis.

Finally, individuals who fell into any of the following vulnerable
population categories were also excluded from participation: (i)
pregnant or lactating women, (ii) inability to provide an informed
consent (dementia), (iii) mini mental state examination score of
severe impairment (�17), or (iv) patients with severe depression.

Procedures

Participants underwent a series of questionnaires and baseline
physical function testing. The short-form 12 survey (SF-12) was
used to assess subscales that encompass physical function, bodily
pain, general health, vitality, social functioning, and mental health.
Falls efficacy scale-international (FES-I), a 16-item questionnaire
scored on a scale of 16e64, asked the participant to rank perceived
fall concerns when performing activities of daily living. Moreover,
at the start of the study, caloric intake was quantified using the
Nutrition Data System for Research (NDSR) software. Three days (2
weekdays and 1 weekend day) of 24-h dietary recalls were
administered by a registered dietician using a multi-pass approach
interview Methodology [22,23].

Anthropometrics
Height and body weight were assessed on the physician's bal-

ance scale. Body composition was measured after an overnight fast
by dual energy X-ray absorptiometry (DXA) using Lunar iDXA and
analyzed using enCORE version 15 software (GE Medical Systems,
Madison, WI) by technicians trained by GE Lunar DXA personnel
with procedures conforming to GE Lunar specifications. Automated
regions of interest and lines of demarcation were manually
adjusted as described previously [24]. Appendicular lean mass was
calculated by adding arm and leg lean mass [25]. The DXA was
calibrated using a spine phantom made of calcium hydroxyapatite
embedded in a lucite block.

Physical fitness
Using the non-dominant hand, standard 3-repetition handgrip

dynamometry assessment was used to quantify upper body
strength [26] as hand grip strength has been associated with frailty
and functional decline in advanced cancer patients [26]. The 5-
repetition chair stand test was used to quantify lower body
strength [27]. The participant was asked to consecutively stand up 5
times from a seated position, and time to completion was recorded
to the 0.1 s. The timed up-and-go test was used as a measure of
physical function. Participants were timed as they rose from an
armchair, walked to a cone placed on the floor 3 m away, turned
and walked around the cone and back to the chair and sat down
again [28]. The 6-min walk test was used to quantify the maximum
distance that a participant could walk within 6 min and act as a
measure of functional capacity. Distance covered is considered an
integrated measure of mobility [29]. Finally, the short physical
performance battery (SPPB) test was administered. During the test,
participants performed a series of short balance and mobility tests
to objectively assess physical function and frailty [30]. Lower ex-
tremity function quantified by the SPPB was scored on a scale with
12 points indicating best performance and 0 points indicating
3

worst performance [30].

Prehabilitation

After completion of all baseline measurements, participants
were trained and educated on the 4-week home-based pre-
habilitation program. The participants had a total of 4 visits for in-
person training sessions to ensure proper use of equipment, to
evaluate exercise performance, and to encourage adherence. Ses-
sions 1 and 2 were implemented within the first week of enroll-
ment and were used as supervised personal training sessions to
prepare and educate the participant on the home-based exercise
and nutrition program to be implemented over 4 weeks. Sessions 3
and 4 occurred during the 3rd week of the training program and
served as personal training sessions to encourage adherence to the
program. Furthermore, sessions 2 and 4 were specifically used to
allow participants to demonstrate aptitude to complete the newly
assigned physical exercises for successful implementation and
performance of the prescribed exercise training. Blood flow re-
striction exercises were predominantly performed at home with
video. During the in-person physical training sessions student
trainers worked with the participants under the Supervision of
faculty members in exercise physiology.

All participants received a set of BFR bands (BStrong, Park City,
UT) for arms and legs (to be used during all exercise sessions),
elastic resistance training bands, hand grip strengthening balls, an
exercise video, prepackaged nutrition supplements, and exercise
and nutrition logs. Participants followed along with a 45-min ex-
ercise video which implemented a variety of body weight and light
resistance exercises in combination with BFR over the 4-week
period to accommodate for patient frailty (see Appendix). This
training included 3 sets of 20e30 repetitions with 1 min of rest
between sets. During upper body training, BFR bands wereworn on
the upper arms only. Similarly, during lower body training, BFR
bands were worn only on the upper thighs. The BFR bands were
inflated to the pre-determined pressures recommended by the
manufacturer (BStrong) according to BFR band size (18e30.5 cm
upper arm circumference band was inflated to 150 mmHg,
30.5þe44.5 cm upper arm circumference band was inflated to
200mmHg, 44.5þe60 cm thigh circumference bandwas inflated to
250 mmHg, and 60þe78.5 cm was inflated to 300 mmHg). Upper
arm BFR bands were 4.5 cm in width and leg BFR bands were 6 cm
inwidth.We have previously reported that unlikewide rigid typical
blood pressure cuffs, blood flow restriction with narrow elastic
bands do not result in marked increase in blood pressure and
myocardial oxygen demand [31,32]. Exercises were performed 5e6
days per week, over the 4-week period. Participants alternated



Fig. 2. Six-minute walk test before and after the 4-week prehabilitation program. A. Distance walked B. Rating of perceived exertion (RPE).
Pre (prior to 6-min walk test), Post (immediately after 6-min walk test). Data are means ± SD. *p < 0.01 vs. baseline, yp < 0.05 vs. pre.

Fig. 3. Lower body function before and after the 4-week prehabiliation program. A.
Timed up and go B. 5-repetition chair stand test C. Short Physical Performance Battery.
Data are means ± SD. *p < 0.05 vs. baseline.
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every other day with 45 min of BFR resistance exercises or a 15-min
walking session while wearing leg bands to capitalize on muscle
hypertrophy and aerobic adaptations.

Sport nutrition supplements including whey protein (25 g/day)
[33], creatine monohydrate (8 g/day) [34], and L-citrulline (5 g/day)
[35] were combined in dry form and given to the participants. The
nutrition supplements were pre-prepared and provided in pack-
ages with instructions for mixing with 400 mL of water. Partici-
pants were instructed to consume the cocktail every day during the
4 weeks of training within 1 h of completing exercises or walking to
capitalize on post-exercise muscle protein synthesis. Participants
were provided a shaker bottle for ease of mixing and consuming
the supplement.

After 4 weeks of prehabilitation, all the measurements at
baseline were repeated 24 h after the last training session prior to
surgery. Additionally, participants were asked to respond to ques-
tionnaires to evaluate program enjoyment and satisfaction. The
program enjoyment questionnaire consisted of 3 questions: 1) How
difficult was it to perform exercise and walking with the BFR cuffs?
2) How long did it take to get comfortable with the BFR cuffs/ex-
ercise? and 3) Howmuch did you enjoy exercisewith the BFR cuffs?
The questions were then scored on a 7 point Likert scale and ranged
in the following response respectively: Not difficult at all (1)e Very
Difficult (7), Immediately (1) e Never got comfortable (7), and Not
enjoyable at all (1) e Enjoyed a lot (7).
Adherence

Throughout the prehabilitation period, we provided close sup-
port at least twice aweekwith telephone calls, texts, and/or e-mails
to address any concerns, provide feedback, and motivate the par-
ticipants. Patient adherence was monitored via an exercise log that
the participants were asked to fill out after every exercise session.
Patient nutrition shake adherence was assessed via a written log
which was submitted at the completion of the study period. On
days of non-training participants were also instructed to log
nutrition shake adherence.
Blood sampling and assays

Participants arrived in the morning after an overnight fast and a
vacutainer blood collection needle was used to obtain venous
blood. Enzyme-linked immunosorbent assays (ELISA) methods
were used to assess changes in blood markers of protein synthesis
and degradation including total myostatin, follistatin, and growth
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hormone according to manufacturer procedure (R&D Systems.
Minneapolis, MN). Resistance training is known to increase growth
hormone production, a key component of muscle protein synthesis
[36]. Myostatin was assayed to investigate the effect on a catabolic
regulator of muscle mass. Follistatin was measured as it plays a key
role in inhibition of myostatin, which aids in muscle protein
degradation. These markers were chosen to provide mechanistic
insight into muscle protein synthesis. All standards, quality con-
trols, and samples were assayed in duplicate.

Statistical analyses

Paired t-tests were used to compare mean differences between
baseline and 4-weeks using a SPSS computer software (Version
21.0. IBM Corp, Armonk, NY). Correlation and regression analyses
were used to examine the relationship between changes in blood
analytes and changes in body composition.

Results

As shown in Table 1, participants were found to have minimal
frailty (mean Edmonton Frail Scale ¼ 4.8 ± 2.7), albeit the majority
of the patient population had more advanced stages of cancer
(Stage 1 n ¼ 2, Stage 2 n ¼ 2, Stage 3 n ¼ 6, and Stage 4 n ¼ 14).

Body composition-appendicular muscle

Total lean body mass increased by an average of 0.73 ± 1.04 kg
(p ¼ 0.004) after the 4-week prehabilitation program (Table 2).
Appendicular lean mass increased by an average of 0.42 ± 0.64 kg
(p ¼ 0.006. However, no significant change in trunk lean mass was
found (p ¼ 0.247). The significant appendicular lean mass increase
persisted after correcting for body surface area (p ¼ 0.002).
Moreover, total body and trunk fat mass decreased (p ¼ 0.004 and
p ¼ 0.021).

Physical functions

Six-minute walk test performance increased with a mean
improvement of 49 ± 53 m (p < 0.01) (Fig. 2). Ratings of perceived
exertion (RPE) using the original Borg scale were not different be-
tween the baseline and the end of the prehabilitation indicating a
similar effort during the tests. No significant improvement was
noted in handgrip strength (28.6 ± 11.7 kg vs 28.8 ± 13.5 kg,
p ¼ 0.953). Lower body muscle strength increased as indicated by a
significant reduction in the time needed to complete the 5-
repetition chair stand test (14.6 ± 11.4 s vs. 9.8 ± 3.8 s, p ¼ 0.03)
Exercise, Week 1 & 2

Forearm Grips: squeeze ball
Lat Row: one side at a time
Straight Arm Chop: one side at a time
Bicep curls: one side at a time
Calf Raises
Leg Raise Front: one side at a time
Hip Extension Back: one side at a time
Sit to stand
Stationary Lunges: one side at a time

Dynamic Warm Up
Marching
Side Tap/crossbody reaches
Standing Side Reaches

Web Link: https://www.youtube.com/watch?v¼x540blw_QJ0
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(Fig. 3). Timed up and go improved by an average of 0.90 ± 0.72 s
(p < 0.01) (Fig. 3). Overall lower extremity frailty, as assessed by the
short physical performance battery, decreased significantly from
baseline (9.6 ± 2.0 points) to 4-weeks (10.8 ± 2.2 points) (p ¼ 0.01).
For the SF-12 survey, the physical component improved by
7.5 ± 10.2 points (p ¼ 0.01), but the mental component did not
change significantly (p¼ 0.11). Fear of falling, captured by FES-I, did
not change significantly (20.3 ± 4.4 vs. 19.7 ± 3.7, p ¼ 0.48)
throughout the study.

Blood markers

After 4-weeks of prehabilitation, blood concentrations of
growth hormone, myostatin, and follistatin did not change signif-
icantly (Table 2). There were no associations between any of the
blood markers and appendicular muscle mass or lean body mass.

Adherence and enjoyment

Program adherence for BFR resistance training, BFRwalking, and
nutrition supplement intake was 95 ± 15%, 98 ± 6%, and 78 ± 20%,
respectively. One individual reported a minor issue of mild indi-
gestion after the consumption of the sports nutrition supplement.
However, no other adverse events or side effects were reported. The
results of the BFR program feedback questionnaires indicate that
the programwas highly satisfactory to the participants. The 7-point
Likert scale scoring revealed that, on average, participants were
immediately comfortable with using BFR cuffs while exercising
(1.6 ± 0.6) and did not think that it was difficult was it to perform
exercise and walking with the BFR cuffs (1.4 ± 0.5). Moreover, none
of the patients complained of pain or discomfort and in general the
participants seemed to enjoy exercise with BFR cuffs overall
(5.2 ± 2.1).

Discussion

The present research project represents the first multimodal
home-based prehabilitation program encompassing BFR and sports
nutrition supplementation. Themain finding of our work is that the
sport science-based prehabilitation program, incorporating BFR
exercise training and sport nutrition supplements, was highly
feasible and effective in increasing physical function and lean body
mass. More importantly, these beneficial changes were induced
and accomplished in a short time period of 4 weeks in home-based
settings.

This is also the first multimodal prehabilitation study in
abdominal cancer patients encompassing objective body
Exercise, Week 3 & 4

Forearm Grips: squeeze ball
Straight-arm Triceps Extension: Band high on door
Forward Chest Press: one side at a time
Lat Row: one side at a time
Calf Raises
Sumo Squat:
Lateral Leg Raises: one side at a time
Side Lunge: one side at a time
Leg Raise Front: one side at a time

Cool Down Stretch
Standing split stance soleus, calves
Seated Hamstring
Seated Oblique Reaches

&t

https://www.youtube.com/watch?v=x540blw_QJ0&amp;t
https://www.youtube.com/watch?v=x540blw_QJ0&amp;t
https://www.youtube.com/watch?v=x540blw_QJ0&amp;t
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composition measurements using DXA. Many elderly cancer pa-
tients suffer from sarcopenia and/or myopenia. Myopenia is asso-
ciated with prolonged hospital stay and is an independent
prognostic factor for disease free survival and overall survival [37].
The present multimodal prehabilitation program was able to in-
crease lean mass significantly and blunt the catabolic effects of
traditional inactivity during the pre-surgery waiting period. Even
though the absolute amount of increase in lean mass was not large,
appendicular lean mass increased in 19 out of the 24 participants in
4-weeks of prehabilitation. No changes in blood markers of protein
synthesis and degradations including growth hormone, myostatin,
and follistatin occurred with the prehabilitation program. However,
heighted systemic inflammation is associated with muscle loss in
patients with colorectal cancer [38] and may be one of the under-
lying explanations for why individuals who have a reduction in lean
mass are more prone to poorer outcomes. Oral nutrition supple-
mentation was provided in combination with BFR exercise in the
present study. In particular, L-citrulline can enhance immune
response and appears to be more effective than L-arginine in doing
so [39,40].

Lower preoperative 6-minwalk test is associated with increased
risk for surgical cardiorespiratory complications [8]. Previous pre-
habilitation programs have found improvements in 6-minwalk test
performance [41,42]. However, many of these studies required su-
pervised or moderate-to high-intensity training for longer periods
of time than was used in our program. Of the 24 participants, 21
(88%) improved 6-min walk test performance. The magnitude of
improvement, 49 ± 53 m, was almost twice as much as a previous
prehabilitation study that had a 4-week exercise intervention [43].
This is a notable finding as previous research has demonstrated
improvements of 14e31 m have positive clinical implications
across various patient groups [44].

Lower-limb muscle strength was evaluated with a five-
repetition sit-to-stand test and short physical performance bat-
tery test. After 4-weeks of prehabilitation, participants reduced
their sit to stand time significantly with a medium effect size (ES
0.57) without high-intensity training, direct Supervision, and/or
weight room equipment. Previous prehabilitation studies, which
incorporated endurance and resistance training, increased lower
limb strength similarly with average effect sizes of 0.7e0.9
[45e48]. The present study found significant improvement
(1.3 ± 1.4 points) in short physical performance battery test after
the implementation of the 4-week multimodal prehabilitation
program. This is considered a substantial change as minimally
significant change estimates have been established as 0.3e0.8
points and substantial changes have been seen with 0.4e1.5 point
increases [49].

Previous and existing prehabilitation programs have been based
in hospitals or healthcare facilities that necessitate multiple su-
pervised visits. This requirement may prove burdensome and is not
ideal from the standpoint of accessibility, cost, and time, often
contributing to lower compliance [50]. Excellent adherence and
program enjoyment indicate that the implementation of a home-
based multimodal prehabilitation program is both feasible and
engaging for the participants. This finding is in marked contrast to
previous unsupervised multimodal prehabilitation programs that
reported low (45%) and moderate (78%) compliance to their in-
terventions [42,43]. Additionally, the present prehabilitation
received positive qualitative feedback from participants as well as
participants’ caregivers/family members (personal communica-
tions). Moreover, participants reported immediate comfort, confi-
dence and ease when learning to use BFR bands. This outcome
indicates promise for successful implementation of a larger-scale
study for individuals who prefer home-based settings and light-
intensity exercise to improve physical reserves prior to surgery.
6

The study is not without limitations, including that the present
study may be considered a pilot study in nature as the number of
patients studied is relatively small. The inability to conduct a ran-
domized control study is acknowledged as a design limitation.
However, this factor does not eliminate the value of prehabilitation
as the primary finding. The present study was not designed to tease
out the effects of sport nutrition and exercise as the two compo-
nents were simultaneously prescribed to promote an additional or
synergistic benefit to the participant. Indeed, sports nutrition
supplements such as creatine monohydrate are known to impact
body composition [51]. The present study did not conduct a crea-
tine loading phase given the sensitive nature of the gastrointestinal
system in abdominal cancer patients. Fasted serum samples were
used to measure growth hormone, myostatin, and follistatin. These
markers were intended to provide mechanistic understanding of
muscle protein synthesis seen in the present study. However, future
studies should consider muscle biopsies and timing of blood draw
to adequately quantify muscle protein synthesis or changes in the
given markers of interest. Inclusion of various types of abdominal
cancers might be considered a limitation of the study. However, no
differential responses were observed based on cancer type. The
results of a study including patients who fall within a wide range of
cancer stages and cancer types indicate a wider generalizability of
prehabilitation into clinical settings where a variety of frail cancer
patients might be able to benefit.

Conclusion

The present study suggests that a multimodal sport science-
based prehabilitation program is not only feasible but also effec-
tive in increasing physical function, enhancing muscle mass, and
reducing frailty in abdominal cancer patients prior to surgery.
These beneficial impacts were obtained in a relatively short time of
prehabilitation using mild-moderate exercise intensities that most
patients can tolerate and oral nutritional supplements that are
fairly easy to administer. The findings hold immense promise and
warrant larger-scale randomized control trials to prepare frail
cancer populations for surgery.
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