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Abstract: Gastrointestinal (GI) cancers constitute over 25% of global cancer cases annually, with
hepato-pancreato-biliary (HPB) cancers presenting particularly poor prognosis and challenging
surgical treatments. While advancements in clinical care have improved post-operative outcomes
over time, surgery for HPB cancers remains associated with high morbidity and mortality rates.
Patients with HPB cancer are often older, diagnosed at later stages, and have a higher prevalence
of co-morbid conditions, leading to reduced life expectancy, suboptimal post-operative recovery,
and increased recurrence risk. Exercise and nutrition interventions have emerged as safe non-
pharmacological strategies to enhance clinical outcomes among cancer survivors, but their potential
in the pre-operative period for patients with HPB cancer remains underexplored. This narrative
review evaluates existing evidence on exercise and nutritional interventions during pre-operative
prehabilitation for HPB cancer populations, focusing on clinically relevant post-operative outcomes
related to frailty and malnutrition. We conducted a literature search in PubMed and Google Scholar
databases to identify studies utilizing a prehabilitation intervention in HPB cancer populations with
exercise and nutritional components. The currently available evidence suggests that incorporating
exercise and nutrition into prehabilitation programs offers a critical opportunity to enhance post-
operative outcomes, mitigate the risk of comorbidities, and support overall survivorship among HPB
cancer populations. This review underscores the need for further research to optimize the timing,
duration, and components of pre-operative prehabilitation programs, emphasizing patient-centered,
multidisciplinary approaches in this evolving field.

Keywords: physical activity; exercise; nutrition; prehabilitation; hepato-pancreato-biliary cancer;
liver cancer; pancreatic cancer; biliary cancer; cancer survivors

1. Introduction

Gastrointestinal (GI) cancers are a growing public health burden, with a significant
impact on both morbidity and mortality. In 2018, the global incidence estimated 4.8 million
new cases of GI cancers, including those of the stomach, liver, esophagus, pancreas, and
colorectum, and accounted for over 26% of cancer cases and 35.4% of cancer deaths [1,2].
Alarming projections suggest that the incidence and mortality rates of GI cancers, particularly
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hepato-pancreato-biliary (HPB) cancers encompassing the liver, gallbladder, intrahepatic bile
duct, and pancreas malignancies, could increase by 24—45% by 2040 [1,34].

The rising burden of HPB cancers underscores the urgent need for not only preventive
measures but also enhanced clinical services to improve the care of patients and survivors
undergoing treatment for these cancers. The prognosis of HPB cancers tends to be poor,
with liver and pancreatic cancers exhibiting some of the lowest 5-year survival rates [5].
Moreover, treatment modalities for HPB cancers including surgery and chemotherapy pose
formidable challenges, such as an increased risk of frailty, morbidity, and mortality [1,5-10].

Surgical resection, encompassing procedures like hepatic resection and transplanta-
tion, stands as one of the primary treatment options for HPB malignancies, though this is
largely dependent on the stage of cancer and resectability of the tumor at time of detec-
tion [11-15]. While advancements in clinical practice and technology have led to improved
post-operative outcomes over time, surgical intervention for HPB cancers remains associ-
ated with elevated rates of post-operative morbidity and mortality [1,4,6,7,9,11-14,16,17].
Patients diagnosed with HPB cancers tend to be older and exhibit a higher prevalence of
co-morbid conditions such as sarcopenia, malnutrition, and liver cirrhosis [18-21]. These
risk factors can contribute to reduced life expectancy and poorer surgical outcomes among
HPB cancer populations.

Notably, pre-operative risk factors, including frailty and malnutrition, have emerged
as crucial predictors of post-operative complications and overall survival among patients
with HPB cancer [1,17,21-26]. Frailty is a condition characterized by increased vulnerability
due to age-related physiological decline in physical, functional, and cognitive capacities,
and it encompasses features like exhaustion, low fitness levels, impaired physical function,
and changes in body composition [20,27-29]. The symptoms of frailty can result in uninten-
tional weight loss, declines in muscle and bone mass, and development of sarcopenia and
malnutrition [20,27-29]. Malnutrition, a component of frailty, involves nutrient imbalances
and decreases in fat-free mass [30,31]. Among cancer populations, malnutrition can lead to
cachexia, which has adverse effects including the loss of lean body mass, increased muscle
wasting, impaired physical function, declines in mental function and health-related quality
of life, and poorer clinical survival outcomes [30-32].

The potential promise of prehabilitation interventions emerges as a means to address
pre-operative frailty and malnutrition-related risk factors and to enhance survivorship
outcomes in patients and survivors with HPB cancer [10,33-35]. Prehabilitation interven-
tions are multi-disciplinary approaches that leverage the pre-operative period to mitigate
surgery-related functional decline and its consequences. These interventions typically
encompass exercise training, nutritional therapy, smoking cessation, and psychosocial
support (e.g., stress and anxiety reduction and social support) [26,35-39].

While exercise during the prehabilitation period has demonstrated its safety and feasi-
bility in improving physical, nutritional, and psychosocial outcomes among patients with
cancer [26,40,41], it remains unclear whether prehabilitation programs can yield benefits be-
yond mitigating post-operative complications in HPB cancer populations [33,34,42—44]. Due to
the complexity of HPB cancers, only a limited number of studies have explored pre-operative
prehabilitation interventions, specifically focusing on exercise and nutrition components and
their impact on survivorship [33,34,42—44].

Therefore, the primary objective of this review is to synthesize the existing literature
on pre-operative prehabilitation interventions that incorporate exercise, with or without a
nutrition component, in HPB cancer populations. This review aims to comprehensively
describe the intervention strategies with respect to clinically relevant outcomes associated
with frailty and malnutrition, encompassing post-operative complications, fitness levels,
strength, physical function, body composition, and biomarkers of nutritional status. By
doing so, we aim to provide valuable insights to better prepare patients with HPB cancer
for surgery and enhance their prospects for survivorship.
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2. Methods

PubMed, Google Scholar, ClinicalTrials.gov, and NIH reporter were, respectively,
searched for published and ongoing studies published through 31 August 2023. The search
strategy included combinations of the following terms: hepato-pancreato-biliary cancer,
hepatobiliary cancer, liver cancer, hepatocellular carcinoma, pancreatic cancer, bile duct or
biliary cancer, pre-operation, prehabilitation, physical activity, exercise, nutrition, dietary
intervention, oral nutritional supplements, physical function, physical fitness, frailty, mal-
nutrition, sarcopenia, and survival. The key criterion was to identify relevant trials with
pre-operative or peri-operative interventions including an exercise component, or both
exercise and nutritional intervention components among HPB cancer populations with a
measured outcome relating to frailty or malnutrition (e.g., post-operative complications,
fitness levels, strength, physical function, body composition, and biomarkers of nutritional
status). Trials that only had a post-operative intervention, did not have relevant inter-
vention components, or were not targeting patients with HPB cancer were not included
in this narrative review. Randomized clinical trials (RCTs), single-group studies, and
non-randomized trials were prioritized, and we excluded case reports, editorials, protocol
papers, and commentaries.

3. Design of Prehabilitation Programs in HPB Cancer Populations

This review considered twelve studies (across 13 publications), focusing on pre-
operative and peri-operative prehabilitation interventions in HPB cancer populations,
with an emphasis on exercise-only or exercise and nutrition multimodal approaches
(Tables 1 and 2). The studies primarily targeted pancreatic cancer [45-52], hepatocellu-
lar carcinoma [52,53], and various combinations of HPB malignancies [54-58]. Regard-
ing the treatment status of participants, all exercise-only prehabilitation interventions
included patients with HPB cancer undergoing treatments during the prehabilitation pe-
riod, including mixed therapies [45,46,54] or neoadjuvant chemotherapy alone or with
radiation [47-50]. Among the multimodal studies, only four reported the participants’
treatment status throughout the prehabilitation program, with two studies indicating
no additional treatment during prehabilitation [51,56], and two studies noting patients
undergoing neoadjuvant chemotherapy [55,58].

The reviewed studies encompassed four exercise-only prehabilitation programs (across
seven publications) [45-50,54], and seven multimodal interventions [51-53,55-58]. The du-
ration of these interventions varied, ranging from a minimum of 1 week to up to 16 weeks.
The variation in intervention duration was influenced by the pre-operative prehabilita-
tion period and whether patients received concurrent treatments, such as neoadjuvant
chemotherapy and/or radiation.

Exercise-only prehabilitation studies predominantly prescribed combined (COMB)
exercise interventions, incorporating both aerobic exercise (AE) and resistance exercise
(RE). The AE component primarily involved walking or the use of AE machines (e.g.,
ergometers, treadmills, or stair steppers), while the RE component utilized resistance bands,
dumbbells, strength-training machines, and bodyweight exercises, as described further in
Tables 1 and 2.

Multimodal interventions included those with either AE-only or COMB approaches
for the exercise component and a nutrition component. The nutritional component of multi-
modal interventions varied across studies, including protein supplementation and tailored
nutritional support (e.g., dietary advice and consultations with nutritionists). In addition
to exercise and nutritional components, three of the reviewed studies integrated psycholog-
ical/psychosocial support and breathing exercises into their interventions (Tables 1 and 2).
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Table 1. Overview of exercise-only pre-operative prehabilitation studies in patients with HPB cancers.

Author, Year, Design and Cancer Type Cancer Sample (1) Exercise Intervention Length (F;fn(z::n?; Intensit Time (min
Country Groups M Treatments P Type/Setting Details (Weeks) WeekI)) y per Session)
AE: <60%
Dunne et al., 2016, . VO, max (low
United (X Sscgo o C"Ilr‘l’;fa‘f;f;slllsver Mixed 38 AE/Supervised  AE: HIIT (Cycling) 4 3 intervals) to 90% 30
Kingdom [54] ’ VO;max (high
intervals)
AE: Stationary bike,
Pancreatic, bile duct, treadriull, ?Ed stair AL
Kitahata et al., Retrospective duodenum, and Stepping )
. . COMB . 60%VO,max
2018, cohort (EX vs. other undergoing Mixed 576 . 1 14 (twice a day) 70
(AE + RE)/Mixed RE: NR
Germany [45] SOCQ) pancreato- RE: NR
duodenectomy Other: Breathing
exercises
. AE: Cygle ergometer, . AE: 11-13 RPE
. . Mixed (n =4 on handgrip ergometry, Varied
Mikami et al., . . . COMB . . (Borg scale)
Single group Pancreatic preoperative 26 . Jreadmﬂl walking 11.9 days 7 (once a day) 70
2020, Japan [46] (AE + RE)/Supervise .
chemotherapy) (Median) RE: NR
RE: Body weight ’
Ngo-Huang et al., . .
2017 and AE: Walking AE: 12-13 RPE
2019 [47,48] Chemotherapy COMB RE: Full bod (Borg scale) AE: >20
Single group Pancreatic and/or 20 (AE + RE)/ (re is.tan o ban}t]i Varied 2to3
Parker et al., 2019 chemoradiation Home-based s c S RE: 12-13 RPE RE: >30
dumbbells, or
(Borg scale)

and 2021, United machines)
States [49,50]

Abbreviations (Alphabetical): AE: Aerobic Exercise; EX: Exercise; COMB: Combined Intervention (AE + RE); HIIT: High-Intensity Interval Training; HPB: Hepato-Pancreato-Biliary; Min:
Minute; NR: Not Reported; RCT: Randomized Clinical Trial; RE: Resistance Exercise; SOC: Standard of Care.
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Table 2. Overview of multimodal pre-operative prehabilitation studies in patients with HPB cancers.

Author, Year,
Country

Design and
Groups

Cancer Type

Cancer
Treatments

Sample (n)

Exercise Type/
Setting

Intervention Details

Length (Weeks)

Frequency (Times
per Week)

Intensity

Time (min per
Session)

Ausania et al.,
2019, Spain [51]

RCT
(EX vs. SOC)

Pancreatic or
peripancreatic
malignancy

No treatment

40

COMB (AE + RE)/
Mixed

AE: HIIT (supervised

cycling and unsupervised

functional exercises)
RE: Home-based, NR

NUT: Nutrition support

(oral supplementation),

endocrine and exocrine
support

Varied 12.6 days
(Median)

Supervised: 5

Home-based:
Daily (following
supervised
period)

Supervised: High
intensity

Home-based:
NR

Supervised:
60 total
(20 AE + 20 RE)

Home-based:
NR

Baimas-George
et al., 2020, United
States [55]

Single group

HPB malignancy

Neoadjuvant
chemotherapy

19

AE/Home-based

AE: NR
NUT: NR

Other: Psychological
services)

16

NR

NR

NR

Bui-Ngoc et al.,
2019, Canada [58]

RCT (Prehab vs.
Rehab)

HPB and
pancreatic

Neoadjuvant
chemotherapy and
no treatment

35

COMB
(AE + RE)/Mixed

AE: Walking

RE: Full body strength
with body weight and
resistance bands

NUT: Whey protein
powder

Other: Relaxation for
stress, anxiety, and pain
management + targeted

stretching

AE: Daily

RE: 34

AE: 3-4 RPE (Borg
scale)

RE: 2 sets of
8-15 reps

AE: 30

RE: 30

Kaibori et al., 2013,
Japan [53]

RCT
(EX + Diet vs.
Diet-alone)

Hepatocellular
carcinoma

NR

AE/Supervised

AE: Walking (+targeted
stretching)

NUT: Adapted to either
chronic hepatitis/liver
cirrhosis or
diabetes/fatty liver

4 (pre-
operatively) + 1-
week
post-operative for
6 months

AE: Anaerobic
threshold

60
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Table 2. Cont.

Frequency (Times

Time (min per

Author, Year, Design and Cancer Exercise Type/ . . .
Country Groups Cancer Type Treatments Sample (n) Setting Intervention Details Length (Weeks) per Week) Intensity Session)
AE: Walking
Non-randomized RE: dey weight or free AE: 3-4 RPE
. ) COMB weights (squats, calf
Nakajima et al., trial . . . . . . (Borg scale)
. HPB malignancy No treatment 142 (AE + RE)/Home- raises, sit-ups, bridge up, Varied 3 (minimum) 30
2019, Japan [56] (EX vs. Historical based and upper limb)
Controls on SOC) PP RE: NR
NUT: Leucine-rich amino
acid supplement
AE: HIIT: 60% of
AE: Personalized cycle peak work rate to
ergometer (2 HIIT and 1 AE: HIIT: 2 20% of peak
Van Wik et al., MIIT sessions) days/week work rate
2022, Netherlands Single group Liver or pancreatic NR 26 AE/Mixed 4 30
[52] NUT: Protein and AE:MIIT: 1 AE: MIIT: 40% of
multivitamin days/week peak work rate to
supplementation 20% of peak
work rate
AE: Walking
Non-randomized RE: Individualized lower
Wang et al., 2020 trial COMB limb strengthenin
ng etat, JU HPB NR 104 (AE + RE)/Home- & & 2to4 5 NR 30
Singapore [57] (EX vs. Controls based
on SOC) NUT: Tailored

Other: Psychosocial care

Abbreviations (Alphabetical): AE: Aerobic Exercise; EX: Exercise; COMB: Combined Intervention (AE + RE); HIIT: High-Intensity Interval Training; HPB: Hepato-Pancreato-Biliary;
MIIT: Moderate-Intensity Interval Training; min: Minute; NR: Not Reported; NUT: Nutrition; RCT: Randomized Clinical Trial; RE: Resistance Exercise; SOC: Standard of Care.
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4. Impact of Prehabilitation on Frailty and Malnutrition-Related Outcomes in HPB
Cancer Populations

4.1. Fitness, Strength, and Physical Function

Prehabilitation interventions have demonstrated potential in improving frailty-related
outcomes, particularly in regard to cardiovascular fitness, strength, and physical function
measures (Table 3). Across studies assessing the impact of prehabilitation on cardiovascular
fitness and aerobic endurance, significant improvements in VO2p., were consistently
observed compared to pre-intervention levels and standard care groups [46,54,56]. These
improvements were also evident in peak power output, another measure of cardiovascular
fitness. However, other fitness measures such as muscular strength, heart rate reserve, and
heart rate variability did not exhibit significant improvements with prehabilitation. It is
important to note the limited number of prehabilitation studies conducted in HPB cancer
populations, and the variability in measures used may contribute to these mixed results.
Additionally, the studies included in this review have small sample sizes and/or lack a
control group, which limits the interpretation and generalizability of the findings.

Table 3. Summary of fitness, strength, and physical function outcomes after a prehabilitation inter-
vention in patients with HPB cancers.

Study

Intervention Main Result

1 VO, peak (EX vs. SOC)

Dunne et al., 2016, United Kingdom [54] AE 1t Peak work rate (EX vs. SOC)

<> Heart rate reserve (EX vs. SOC)

1 VO, peak (Pre vs. Post)

Mikami et al., 2020, Japan [46] COMB 1t Peak work rate (Pre vs. Post)

1+ 6MWT distance (Pre vs. Post)

Ngo-Huang et al., 2017, United States [48] COMB

1 Grip strength (Pre vs. Post)
1 MET min/week of physical activity (Pre vs. Post)

1 Cardiopulmonary status (Pre vs. Post)

Ausania et al., 2019, Spain [51] COMB + NUT | Time to complete 10 m walk test (Pre vs. Post)

1) Grip strength (Pre vs. Post)

Kaibori et al., 2013, Japan [53] AE + NUT

< Muscle strength (Pre vs. Post)
|| Heart rate variability (Pre vs. Post)

Nakajima et al., 2019, Japan [56] COMB + NUT

1 VO, peak (Pre vs. Post)
1+ Peak work rate (Pre vs. Post)

Ngo-Huang et al., 2019, United States [47] COMB

I+ 6MWT distance (Pre vs. Post)
| Sit-to-stand time to completion (Pre vs. Post)
<+ Grip strength (Pre vs. Post)
1 Gait speed (Pre vs. Post)

Baimas-George et al., 2020, United States [55] AE + NUT

<+ Grip strength (Pre vs. Post)
| Frailty (Pre vs. Post)
e  Frail phenotype
e  Frailty-related weight loss
e  Frailty-related exhaustion

++ Timed-up-and-go (Pre vs. Post)

1+ 6MWT distance (Pre vs. Post)

Nakajima et al., 2019, Japan [56] COMB + NUT > Gait speed (Pre vs. Post)

<+ Grip strength (Pre vs. Post)
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Table 3. Cont.

Study

Intervention Main Result

Bui-Ngoc et al., 2019, Canada [58] COMB + NUT

< 6MWT distance (Prehab: Baseline vs. Post)
| 6MWT distance (Prehab: Pre vs. Post)
| 6MWT distance (Rehab: Baseline vs. Post)
U 6MWT distance (Rehab: Pre vs. Post)
++ Grip strength (Prehab: Pre vs. Post)
> Grip strength (Rehab: Pre vs. Post)
<+ Arm curl—left and right side(Prehab: Pre vs. Post)
| Arm curl—left side (Rehab: Pre vs. Post)
1+ Timed-up-and-go (Prehab: Pre vs. Post)
<+ Timed-up-and-go (Rehab: Pre vs. Post)
| Knee extension (Prehab: Pre vs. Post)
+> Knee extension (Rehab: Pre vs. Post)
> Knee flexion (Prehab: Pre vs. Post)
+> Knee flexion (Rehab: Pre vs. Post)

Footnotes: 1} or |} = Significant change at p < 0.05; <+ = No significant difference at p > 0.05. Abbreviations
(Alphabetical): AE: Aerobic Exercise; COMB: Combined Aerobic and Resistance; EX: Exercise; MET: Metabolic
Equivalent; min: Minute; NUT: Nutrition;; SOC: Standard of Care; 6MWT: 6 min Walk Test.

Concerning physical function outcomes, the evidence is less conclusive. While im-
provements in the 6 min walk test distance were generally observed across studies, findings
regarding gait speed and grip strength were mixed (Table 3). Baimas-George et al. (2020)
was the only study to explore measures of frailty-related indicators, reporting significant
reductions in frailty phenotype, weight loss, and exhaustion, following the prehabilitation
program [55]. However, the diverse measures of physical function across studies and the
variations in measurement methodologies pose challenges in drawing definitive conclu-
sions. While prehabilitation interventions appear beneficial for cardiovascular fitness and
physical function, further research is needed to confirm these findings and determine the
optimal exercise components in prehabilitation programs.

4.2. Biomarkers and Nutritional Status

To assess the impact of prehabilitation on pre-operative risk factors associated with
malnutrition, including nutrient imbalances or inadequate nutrition, we examined biomark-
ers of nutritional status and nutrient imbalances (Table 4). Among studies that evaluated
liver and renal function, prehabilitation maintained these biomarkers post-operation [53,55].
Metabolic function biomarkers, including glucose and insulin metabolism, did not show
any significant differences following the prehabilitation interventions [53,55], except for in
the study of Kaibori et al. (2019), who reported improved glucose and insulin metabolic
biomarkers in the exercise and diet group at 3 months and 6 months post-operation com-
pared to the diet-only control group [53].

Regarding nutritional status, most studies found that prehabilitation did not result in
significant changes in nutritional status or serum albumin levels following the intervention.
However, Nakijima et al. (2019) reported a significant increase in the prognostic nutritional
index score and serum albumin levels following a 3-week multimodal prehabilitation
program [56]. These findings suggest that prehabilitation programs generally do not
worsen pre-operative risk factors related to biomarkers and nutritional status, but rather
support maintenance through post-operation, with some studies even demonstrating
potential improvements in risk factors of malnutrition.
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Table 4. Summary of biomarker and nutritional status outcomes after a prehabilitation intervention
in patients with HPB cancers.

Study

Intervention Main Result

Baimas-George et al., 2020, United States [55] AE + NUT

<> Nutritional Status (Pre vs. Post)
<> Glucose (Pre vs. Post)
> TSH (Pre vs. Post)
< Creatinine (Pre vs. Post)

Kaibori et al., 2013, Japan [53] AE + NUT

++ Serum albumin at 6 months post-operation (EX + Diet vs. Diet-Alone)
<« Triglyceride levels at 6 months post-operation (EX + Diet vs. Diet-Alone)
++ Cholesterol levels at 6 months post-operation (EX + Diet vs. Diet-Alone)

> Glucose levels at 6 months post-operation (EX + Diet vs. Diet-Alone)
<+ Fasting serum insulin and insulin resistance at post-operation (EX + Diet

vs. Diet-Alone)
|} Fasting serum insulin and insulin resistance at 3 months and 6 months
post-operation (EX + Diet vs. Diet-Alone)

Nakajima et al., 2019, Japan [56] COMB + NUT

1 Prognostic nutritional index (EX vs. SOC)
1t Serum albumin levels (EX: vs. SOC)

Wang et al., 2020, Singapore [57] COMB + NUT <> Serum albumin (EX vs. SOC)

Footnotes: { or || = Significant change at p < 0.05; <+ = No significant difference at p > 0.05. Abbreviations
(Alphabetical): AE: Aerobic Exercise; COMB: Combined Aerobic and Resistance; EX: Exercise;; NUT: Nutrition;
SOC: Standard of Care; TSH: Thyroid-Stimulating Hormone.

4.3. Body Composition

We then explored the impact of prehabilitation on the clinical outcomes of body com-
position, including body weight, body mass index (BMI), skeletal muscle, and fat mass on
outcomes of frailty and/or malnutrition. Studies assessing body weight and BMI reported
either no significant changes or a significant decline, irrespective of exercise and diet com-
ponents or usual care (Table 5). However, prehabilitation programs seemed to preserve or
enhance skeletal muscle index or skeletal muscle mass. For example, Parker et al. (2021)
found that prehabilitation exercise preserved skeletal muscle index compared to a signifi-
cant decline observed in historical controls [49]. Similarly, Bui Ngoc et al. (2019) compared
a multimodal prehabilitation program to a post-operation rehabilitation program and
found that appendicular skeletal muscle index significantly decreased from pre-operation
to 4 weeks post-operation in the rehabilitation group. However, it was maintained in the
prehabilitation group [58]. Only Kaibori et al. (2019) examined fat mass and BMI, revealing
greater fat loss around the waist in the combined exercise and diet intervention group
compared to the diet-only group, with neither intervention affecting BMI [53].

Table 5. Summary of body composition outcomes after a prehabilitation intervention in patients with
HPB cancers.

Study

Intervention Main Result

Parker et al., 2019 and Parker et al., 2021,

United States [49,50]

< BMI (EX vs. SOC)
1t Skeletal muscle index (EX vs. SOC)
> Skeletal muscle density (EX vs. SOC)
| BMI (EX: Pre vs. Post)
<+ Skeletal muscle index (EX: Pre vs. Post)
| Skeletal muscle index (SOC: Pre vs. Post)

COMB

| Whole body mass at 6 months post-operation (EX + Diet vs. Diet-Alone)
| Body mass at waist and fat mass at waist at 6 months post-operation

Kaibori et al., 2013, Japan [53] AE + NUT (EX + Diet vs. Diet-Alone)

<+ Whole body fat mass, fat-free mass, and bone mineral density at
6 months post-operation (EX + Diet vs. Diet-Alone)

| Body weight (EX: Within-group change; SOC: Within-group change)
|} BMI (EX: Within-group change; SOC: Within-group change)

Nakajima et al., 2019, Japan [56] COMB + NUT <+ Skeletal muscle mass (EX: Within-group change)

| Fat mass (EX: Within-group change)
1 Muscle-to-fat ratio (EX: Within-group change)
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Table 5. Cont.

Study Intervention Main Result
Wang et al., 2020, Singapore [57] COMB + NUT <> BMI (EX vs. SOC)
. <+ Appendicular skeletal muscle index (Prehab: Pre vs. Post)
Bui-Ngoc et al.,, 2019, Canada [58] COMB + NUT | Appendicular skeletal muscle index (Rehab: Pre vs. Post)
Footnotes: 1} or |} = Significant change at p < 0.05; <> = No significant difference at p > 0.05. Abbreviations
(Alphabetical): AE: Aerobic Exercise; BMI: Body Mass Index; COMB: Combined Aerobic and Resistance; EX:
Exercise; NUT: Nutrition; SOC: Standard of Care.

The preservation of skeletal muscle is particularly relevant, as low skeletal muscle
mass, weight loss, low BMI, and frailty are predictive of post-operative complications
and poorer survival outcomes in patients with HPB cancer [1,17,21-26,59]. Although
findings related to BMI and weight loss were limited and mixed, several factors, such as
the composition of the prehabilitation program (exercise-only vs. exercise and nutrition),
intervention duration, and adherence, may influence the effectiveness and feasibility of
these programs in impacting body composition outcomes.

4.4. Post-Operative Outcomes

Regarding the clinical post-operative outcomes, the impact of prehabilitation varied
across studies (Table 6). Some studies reported a reduced risk of post-operative complica-
tions, such as pulmonary complications, intra-operative blood loss, and transfusion, associ-
ated with prehabilitation [45,51,52]. However, other studies found no significant differences
in post-operative complications between prehabilitation and control groups [54,55,58]. Sim-
ilarly, prehabilitation was linked to a shorter hospital length of stay in certain studies,
although this effect was not consistent across all studies.

Table 6. Summary of post-operative clinical outcomes after a prehabilitation intervention in patients
with HPB cancers.
Study Intervention Main Result
+» Readmission (EX vs. SOC)
Dunne et al., 2016, United Kingdom [54] AE > Bile duct reconstruction (EX vs. SOC)
< LOS (EX vs. SOC)
| Post-operative LOS (EX vs. SOC)
| Pulmonary complications (EX vs. SOC)
> Severe complications (EX vs. SOC)
Kitahata et al., 2018, Germany [45] COMB <+ Morbidity (EX vs. SOC)
<+ Mortality (EX vs. SOC)
<+ Bile leakage (EX vs. SOC)
> Delayed gastric emptying (EX vs. SOC)
<+ Complications (EX vs. SOC)
. . > Post-operative LOS (EX vs. SOC)
Ausania et al., 2019, Spain [51] COMB + NUT 4 Readmission (EX vs. SOC)
|} Delayed gastric emptying (EX vs. SOC)
<> LOS (EX + Diet vs. Diet-Alone)
. . < Mortality (EX + Diet vs. Diet-Alone)
Baimas-George et al., 2020, United States [55] AE + NUT & Morbidify (EX + Diet vs. Diet-Alone)
<+ Post-operative blood loss (EX + Diet vs. Diet-Alone)
|} Post-operative complication rate (EX vs. SOC)
Van Wijk et al., 2022, Netherlands [52] AE | Post-operative LOS (EX vs. SOC)
> Re-admission rate (EX vs. SOC)
Bui-Ngoc et al,, 2019, Canada [58] COMB + NUT ¢ Post-operative LOS (Prehab vs. Rehab)

<+ Rehospitalization (Prehab vs. Rehab)

Footnotes: {} or || = Significant change at p < 0.05; <> = No significant difference at p > 0.05. Abbreviations
(Alphabetical): AE: Aerobic Exercise; COMB: Combined Aerobic and Resistance; EX: Exercise; LOS: Length-of-Stay;
NUT: Nutrition; SOC: Standard of Care.
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In summary, while the reviewed studies differed in the clinical outcomes they assessed,
a recurring trend of improved aerobic capacity was observed across studies. Despite
varying effects on other post-operative and clinical outcomes, including fitness, physical
function, nutritional biomarkers, body composition, and post-operative complications,
pre-operative prehabilitation interventions combining exercise and nutrition components
did not appear to exacerbate pre-operative risk factors or relevant clinical outcomes in
HPB cancer populations. However, the heterogeneity of results, limited number of studies,
small sample sizes, and lack of control group in some studies highlight the need for
further research to provide more definitive conclusions on the effects of prehabilitation in
this context.

5. Why Timing Matters
5.1. Alignment with Recent Guidelines

The implementation of pre-operative prehabilitation programs using multimodal in-
terventions in patients with HPB cancer presents an opportunity to reduce pre-operative
risk, optimize post-operative outcomes, and minimize the risk of long-term comorbidities
associated with frailty and/or malnutrition [33,35,60]. The recently published Guidelines
for Perioperative Care for Liver Surgery: Enhanced Recovery After Surgery (ERAS) Soci-
ety Recommendations 2022 have underscored the importance of tailored prehabilitation
programs lasting 46 weeks [35]. It is recommended that these programs encompass ex-
ercise, dietary interventions, and psychosocial components (e.g., anxiety reduction) for
high-risk patients, including the elderly, malnourished individuals, overweight patients,
and smokers, prior to liver surgery [35]. Notably, these guidelines strongly recommend
nutritional assessment before all hepatic surgeries, advocating for enteral supplementation
for malnourished patients at least 7-14 days prior to surgery [35].

5.2. Impact of Prehabilitation on High-Risk Patients

In line with the new guidelines, the findings of this review corroborate previous
reviews emphasizing the importance of tailoring multimodal pre-operative interventions
to high-risk patients with HPB cancers. Such tailored interventions have the potential
to improve post-operative outcomes and effectively reduce the hospital length of stay in
this patient population [33,42]. While our review revealed mixed results concerning the
consistency of impact on post-operative clinical outcomes, pre-operative prehabilitation
interventions have demonstrated their ability to address risk factors associated with im-
paired functional capacity and a loss of skeletal muscle. These interventions can help
to mitigate frailty and prevent further malnutrition that may occur due to neoadjuvant
treatments or the cancer itself [21,25,61,62]. Given the broad spectrum of post-operative
outcomes that can be assessed and the significant clinical implications they bear on cancer
survival, additional research is warranted to better understand the potential benefits of
prehabilitation on clinically relevant post-operative outcomes in high-risk populations.

5.3. Challenges in Assessing Prehabilitation Outcomes

Previous studies have suggested a connection between higher levels of physical activ-
ity prior to abdominal surgical resection and a shorter time to functional recovery compared
to insufficiently active individuals [17,63]. However, it is important to acknowledge that
this association is not consistently observed across all studies. Alongside physical activity,
nutritional interventions have the potential to enhance physical fitness and clinical out-
comes during the pre-operative period [64]. Nevertheless, prehabilitation programs often
vary in their approach, components included (e.g., exercise, nutrition, and psychosocial
support), duration, frequency, and measurement methodologies, making it challenging to
synthesize the impact of pre-operative interventions [38,55].
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There is a pressing need for future research to continue exploring how multimodal
prehabilitation interventions may improve frailty and malnutrition outcomes in patients
with HPB cancer, as well as mitigate further deterioration and post-operative complications.
It is crucial to emphasize that the window of opportunity for prehabilitation in this context
is often brief, with time intervals typically ranging from 4 to 16 weeks and even shorter
periods (e.g., 1-2 weeks) in some patients with HPB cancer [65]. In light of the suggestive
evidence observed in this review, multimodal prehabilitation interventions targeting aspects
of fitness, physical function, and nutrition should be considered to deter the common
physiologic decline observed in HPB cancer populations.

6. Biologic Mechanisms of Prehabilitation Exercise and Nutrition Interventions
6.1. Exercise-Related Biological Mechanisms

As established in this review, prehabilitative exercise and nutritional interventions of-
fer a potential strategy to optimize patients’ condition before surgery and improve various
post-operative recovery and frailty and malnutrition-related outcomes, including physical
function, fitness, body composition, and nutritional deterioration, as well as post-operative
morbidity and mortality for patients with HPB cancer [34,42,56]. While the precise biologi-
cal mechanisms underpinning exercise prehabilitation for patients with HPB cancer are not
fully elucidated, several explanations have been suggested. These mechanisms encompass
improved cardiovascular function, reduced inflammation, enhanced insulin sensitivity,
mood improvement, pain reduction, and increased muscle mass and strength [59,66].

Poorly managed pre-operative risk factors coupled with the physiologic stress of
surgery can exacerbate the risk of frailty and malnutrition, leading to systemic inflammation,
weight loss, metabolic dysfunction, loss of muscle mass, and nutrient deficiencies, thereby
impairing the overall quality of life [59,66—-68]. Prehabilitation interventions comprising
exercise and nutritional components therefore offer a unique window of opportunity to
intervene in patients at risk of further decline.

Exercise during prehabilitation may exert positive effects on post-operative outcomes
and recovery through various mechanisms. For instance, exercise may enhance wound
healing by facilitating the mobilization of exercise-induced peripheral endothelial progen-
itor cells, which may contribute to reducing the length of hospitalization [69]. Beyond
peripheral effects, exercise-induced growth factors, such as brain-derived neurotrophic
factor and insulin-like growth factor (IGF)-1, could have neuroprotective and neurogenic
effects, potentially preventing post-operative neurocognitive disorders and cognitive dys-
function [70]. Moreover, long-term exercise can induce an anti-inflammatory state in the
body and enhance the humoral immune response, characterized by an increased number of
regulatory T cells [71]. Therefore, exercise may help to restore local and systemic immune
balance before surgery, mitigate the onset of a post-operative inflammatory phase, and
reduce the risk of developing post-operative complications [59,72].

However, it is worth noting that the impact of exercise during prehabilitation on
pre-operative risk factors related to frailty and malnutrition may vary in effect based on
the mode of exercise training. Exercise within prehabilitation can support the preservation
and enhancement of physiologic reserves and functional capacity, affecting both the car-
diovascular and musculoskeletal systems [72]. Aerobic and endurance exercise training
are thought to alter frailty phenotypes through enhancements in aerobic capacity and
increased muscle mass, whereas resistance exercise is known to support improvements
in skeletal muscle mass, function, strength, and body composition [28]. The benefits of
aerobic and resistance exercise alone may have synergistic effects through a combined ap-
proach for outcomes related to frailty and malnutrition. This synergy becomes particularly
crucial in patients with HPB cancer, where the compounding burden of poor pre-operative
health, age-related effects, and the stress of cancer-related treatments further challenge
physiological resilience [60,72].
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6.2. Nutritional Status and Surgical Stress

The potential mechanisms related to nutritional status in patients with HPB cancer
further emphasize the importance of prehabilitation interventions prior to surgery. Surgical
procedures necessitate a robust pre-operative physiological reserve to cope with surgical
stress and the heightened demand for nutritional substrates [61,72]. Surgical stress, charac-
terized by the release of stress hormones and cytokines proportional to the extent of tissue
damage, can trigger an inflammatory response [73].

Patients entering surgery with poor pre-operative nutritional status and low physi-
ological reserves, such as those who are malnourished, frail, or sarcopenic, may rapidly
deplete their nutritional reserves post-surgery. This depletion can negatively impact their
ability to tolerate surgical stress, leading to poor post-operative outcomes, an increased risk
of infections, and further declines in skeletal muscle mass and fitness [74,75]. Therefore,
enhancing the nutritional status of HPB cancer populations before surgery emerges as a
crucial aspect of oncological management, aimed at preventing or ameliorating further
nutritional decline [72,76].

7. Additional Considerations of Prehabilitation in HPB Cancer Populations

While the inclusion of exercise and nutrition prehabilitation interventions within the
care plan of patients with HPB cancer to support frailty and malnutrition outcomes is
promising, there are several considerations when deciding who would benefit most and
what the program should entail.

The majority of patients with HPB cancers are likely to present with various co-existing
conditions, such as cachexia, malnourishment, diabetes, and sarcopenia [77]. The number
and severity of these established conditions at diagnosis can help to identify patients at
the highest risk of experiencing poor surgical outcomes, and, therefore, those who are
likely to benefit most from prehabilitation. For instance, patients who are frail are more
likely to benefit from prehabilitation given the association of frailty with post-operative
complications [55,78]. Thus, assessing risk factors and metrics of frailty and physical
function before cancer treatments and operations becomes essential in informing the com-
ponents of prehabilitation and supporting overall survival [8,72,75]. The information on
co-morbidities and current health status will dictate the components of prehabilitation
based on best practices for the identified conditions. For instance, the use of resistance
training to maintain or improve skeletal muscle mass and physical function is recom-
mended for individuals with sarcopenia [79-81]. Additionally, the receipt of neoadjuvant
therapy during the pre-operative period and the anticipated adverse effects should also
be considered when identifying patients who would benefit most from a prehabilitation
program, as the functional health and physiological reserve of a patient are likely to further
deteriorate throughout neoadjuvant treatment.

Precision exercise and nutrition prescriptions are the recommended processes to
ensure patients receive a tailored program that will be most effective for them [82-85].
Given that the timeline for a prehabilitation program is often short (e.g., 2—4 weeks if
surgery is the first treatment choice, and 2-6 months if receiving neoadjuvant therapy),
identifying the primary intention of prehabilitation for each patient and subsequently
prioritizing the most needed component(s) is critical to prescribing the most effective
program. For instance, a multimodal prehabilitation program may involve any or all of
the following, subject to the primary intention of the program: (1) optimization of physical
fitness through exercise; (2) prevention of a catabolic state and support of an anabolic
state through nutrition; (3) psychological intervention to reduce stress and improve overall
emotional well-being; and/or (4) correction of any modifiable risk factors or comorbidities,
such as alcohol consumption cessation [86].
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Regardless of the number of components selected to establish a tailored prehabilitation
program, the process should always involve a multidisciplinary team and be conducted in
consultation with the patient’s full medical care team. This collaborative approach ensures
that prehabilitation interventions are aligned with the individual needs and goals of each
patient, optimizing their chances for successful surgical outcomes and overall well-being.

It is worth noting that not all patients diagnosed with HPB cancers will receive
surgical treatment as part of their cancer treatments, particularly those that are diagnosed
at advanced stages [9]. While the option to engage in pre-operative prehabilitation may not
be accessible to these patients that do not receive surgical treatment, the call to integrate
prehabilitative exercise and nutrition within the care plan following cancer diagnosis, prior
to any cancer treatment, to address the risks of frailty and malnutrition on survivorship is
still applicable within these populations [34,35,42,44,61,84,87,88].

8. Ongoing Studies

While prehabilitation interventions in patients with HPB cancers hold promise for
improving short-term post-operative and long-term survivorship outcomes, the current
findings are limited by the relatively small number of studies investigating a wide range
of clinically relevant outcomes. In the studies reviewed, the heterogeneous approaches to
intervention design and outcomes assessed made it challenging to synthesize the potential
benefits of exercise and nutrition interventions during pre-operative prehabilitation pro-
grams in patients with HPB cancer. However, ongoing and active research efforts are poised
to address these limitations and expand our knowledge in this area (Table 7) [89-103].

Of the fifteen ongoing studies we identified, nine studies include multimodal prehabil-
itation interventions, incorporating both exercise and nutrition components (Table 7). These
ongoing studies are investigating outcomes of interest that will provide valuable insights
into the physiologic effects of prehabilitation interventions in HPB cancer populations.
Importantly, all these studies have identified frailty or malnutrition-related outcomes as
primary or secondary endpoints of interest. It is noteworthy that most ongoing studies
have a particular emphasis on pancreatic cancer within the HPB cancer group, aligning
with population trends observed in the reviewed studies. The impact of these ongoing trials
will not only inform the feasibility and effectiveness of prehabilitation interventions on
outcomes related to frailty and malnutrition across HPB cancer populations, but will also
shed light on the specific challenges and opportunities associated with pancreatic cancer.

Several of the ongoing studies also include a follow-up component into a rehabili-
tative period, providing a unique opportunity to assess both short-term post-operative
outcomes and longer-term survivorship outcomes. These studies are expected to contribute
significantly to our understanding of the sustainability of prehabilitation effects and the
potential for long-term improvements in functional capacity and quality of life for patients
with HPB cancer. Ongoing research efforts in the field of prehabilitation for HPB cancer
populations hold great promise for addressing the current gaps in knowledge, standardiz-
ing intervention approaches, and providing comprehensive insights into the benefits of
prehabilitation in improving outcomes for these patients.
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Table 7. Ongoing clinical trials with exercise or exercise and nutrition prehabilitation interventions in patients with HPB cancers (http://ClinicalTrials.gov, assessed
on 24 September 2023).
i . Population and Treatment . . .
Identifier Study Design Status Experimental Groups Intervention Characteristics Outcomes of Interest
(1) Prehabilitation (1) RE + NUT: Home-based RE Primary: F'ea51b1hty
. (RE + NUT) program, 3 days/week Secondary: Skeletal muscle
RCT Papcreatlc Ccancer on (2) Prehabilitation with daily protein mass, tissue wasting,
NCT05356117 [93] . neoadjuvant chemotherapy (RE Only) supplementation. physical function, muscular
Length: 16 weeks aged 18 years and older 3) Attentio}rll control (2) RE Only: Home-based RE strength, physical fitness,
program, 3 days/week patient-reported outcomes
(1) Prehabilitation:
Home-based COMB
exercise program, as well as Primary: Physical function
NUT with a high-protein Secondary: Physical
RCT Pancreatic cancer, liver cancer, (1)  prehabilitation (COMB, diet, protein function, strength, body
NCT03475966 [103] bile duct cancer, aged NUT, Other) supplementation, and composition, nutritional
Length: NR 18-95 years old (2)  Rehabilitation relaxation techniques. status, post-operative
(2) Rehabilitation: Same complications,
components as the patient-reported outcomes,
prehabilitation group, physical activity levels
provided following surgery.
Lo . ) Primary: Frailty,
RCT Pancreatic, liver, or gastric (1) prehabilitation (EX) 1) Eiz I;I;r;nifcii(ﬁfx post-operative
NCT04602026 [94] . cancer, aged 18 years 2) sOC Ph gsical ,t i & complications,
Length: NR and older Py Py patient-reported outcomes
(I) COMB: Tele-health exercise
program with RE 30
Single group . min/session, 2 days/week Primary: Feasibility,
Hepatocellular carcinoma or (1) Prehabilitation (COMB) using resistance bands and adherence, patient-reported

NCT05921552 [89]

Length: Up to 4 weeks
before surgery

liver metastasis, aged 70
years and older

AE for 30 min/session for
at least 3 sessions per week
at 50-70% of age-predicted
maximum heart rate.

outcomes, physical function,
fitness, body composition
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Table 7. Cont.

Identifier

Study Design

Population and Treatment

Experimental Groups

Intervention Characteristics

Outcomes of Interest

Status
(1) Prehabilitation: Walk
30 min/day (or 2(.)00 extra Primary: Post-operative
S steps) 6 weeks prior to 1
RCT . (1) Prehabilitation surgery. with BCAA morbidity
NCT05281211 [90] Liver cancet, aged 18_.90 (AE + NUT) gery, . e  Secondary: Post-operative
years with sarcopenia . . supplementatlon and . .
Length: 6 weeks (2) No intervention immune-svstem boosters complications, body
. Y composition
2 times/day for 4 weeks
and once daily for 2 weeks.
RCT Pancreatic cancer receiving (1) Prehabilitation (1)  Prehabilitation: EX, NUT, e  Primary: Physical function
NCT05225038 [91] upfront surgery or (EX + NUT + Other) and behavioral support e  Secondary: Post-operative
Length: At least 2 weeks neoadjuvant chemotherapy, 2) soC (relaxation and outcomes, physical
before surgery aged 18 and older smoking cessation) function, fitness
(1) Prehabilitation: COMB
with AE done in 5 cycles of
intervals of 2 min at 70%
Watts or HR and 3 min of
active rest and RE in
1-3 sets with 10-15 reps per
exercise at 5-6 outof 10on e  Primary: Post-operative
) I Borg RPE scale. complications,
RCT Liver cancer and F)ther (1) Prehab.ﬂ‘lta’.ﬂon (COMB) Additionally inspiratory physical function
candidates for liver (2)  Prehabilitation e :
NCT04246970 [92] b K ) 118 (COMB) + Rehabilitation muscle training and ° Secondary: Cardiovascular
Length: 8 weeks transplants, age years 3) SOC balance training. fitness, physical function,
before surgery and older (2)  Prehabilitation + Rehabilita- strength, body composition,

tion: Same structure as
prehabilitation program
with a 12-week
rehabilitation program
consisting of a supervised
and unsupervised COMB
program 5 days/week.

patient-reported outcomes
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Table 7. Cont.
Identifier Study Design POPulahog ;ItljsTreatment Experimental Groups Intervention Characteristics Outcomes of Interest
Primary: Cardiovascular
(1)  AE: Through physical and fitness and aerobic capacity
Single group . (1)  Prehabilitation car.dl.opulmonary . Secondgry: Agheren(;(e, boiy
NCT05489419 [96] Pancreatic cancer, any ages (AE + NUT) training + personalized composition, biomarkers o
Length: 3-4 weeks nutrition, as well as anxiety mﬂ.ammatlon,
and depression treatment. patient-reported outcomes,
post-operative complications
. (1) Prehabilitation:
NCTO3865875 [102 Single group Pancreatic cancer, aged 18 (1) Prehabilitation Standardized exercise Primary: Completion
[102] ears and older (COMB + NUT) program and individualized of program
. y
Length: NR nutrition plan.
Primary: Physical function
(1) RE: Tele-supervised and post-operative
. . RE program. chemotherapy initiation
RCT Pancrc?atlc cancer, receiving (1) Prehabilitation (RE) (2) Enhanced usual care: Secondary: Patient-reported
NCT05836870 [100] neoadjuvant chemothera
) ) PY:(2) Enhanced usual care Provided recommendations outcomes, post-operative
Length: NR aged 18 years and older about physical activity outcomes, body composition,
and nutrition. fitness, physical function,
nutrition, biomarkers
(1) Prehabilitation: Supervised
moderate-intensity COMB . . .
Non-randomized trial 1y s exercise lead by a health Prlmary. Comphance .
NCT05483075 [101] Pancreatic cancer, aged (1) Prehabilitation (COMB) care provider at least AE Secondary: l.jOSt'Operaﬁ.Ve
18-90 years (2) SOC outcomes, biomarkers, fitness

Length: 2—4 weeks

5 times/week for
30 min/session and RE for
2 days/week.
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Table 7. Cont.
e . Population and Treatment . . . L.
Identifier Study Design Status Experimental Groups Intervention Characteristics Outcomes of Interest
(1) Prehabilitation: EX, NUT Primary: Post-operative
RCT Pancreatic cancer patients (1) Prehabilitation: EX, supplementation, and outcomes
NCT04469504 [95] with sarcopenia, aged 18 NUT, Other psychological support Secondary: Post-operative
Length: 4 weeks years and older (2) Control: NUT (2) NUT Control: Perioperative outcomes, patient-reported
immunonutrition outcomes
(1) Prehabilitation and
Rehabilitation:
Pre-operative Primary: Body composition
I prehabilitation and Secondary: Nutritional
RCT . . () grei}:]liﬂ’tiizn ;%dan d post-operative biomarkers, body
NCT05044065 [99] . Pancreatic and biliary cancer, NUT ) rehabilitation with composition, strength,
Length: 5-6 weeks (l?Oth aged 18 years and older 2 Control: NUT supervised and patient-reported outcomes,
pre- and post-operative) ’ home-based RE with NUT fitness, post-operative
protein supplementation outcomes, biomarkers
(2) NUT Control: NUT protein
supplementation
e (1) Prehabilitation: Moderate
(1) Prehabilitation: AE: Increase activity to Primary: Steps per day
RCT Moderate AE y
Hepatobiliary cancer or e 5 days/week, 40 min/day Secondary: Compliance,
(2) Prehabilitation: e e .
NCT04923672 [97] colorectal cancer, aged 18 s . (2) Prehabilitation: HIIT AE: patient-reported outcomes,
Length: At least 3 weeks High-intensity interval . .
years and older training (HIIT) AE 5 days/week 40 min/day post-operative
before surgery 3) Controflg of moderate and outcomes, fitness

vigorous activity
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Table 7. Cont.
Identifier Study Design POPulahog ;ItljsTreatment Experimental Groups Intervention Characteristics Outcomes of Interest
(1) Prehabilitation and
Rehabilitation:
Moderate-intensity AE for at
least 5 days/week,
. 30 min/session, and RE
RCT P ancreah.c cancer SFheduled (1) Prehabilitation and using resistance bands at
. to receive neoadjuvant Rehabilitation: least 2 days/week for . L
NCT03187951 [98] Length: During chemotherapy and/or COMB + NUT 8 exercises at 1 set b Primary: Fitness
chemotherapy and up to  radiation before surgery, aged (2) Control: NUT 10-15 reps, with progressive
7 months post-operation 18 years and older increase in resistance. NUT
counseling provided.
(2) NUT Control: Stretching

program and nutritional
counseling provided.

Abbreviations (Alphabetical): AE: Aerobic Exercise; BCAA: Branched-Chain Amino Acid; COMB: Combined; EX: Exercise; HIIT: High-Intensity Interval Training; HPB: Hepato-
Pancreato-Biliary; HR: Heart Rate; min: Minute; NR: Not Reported; NUT: Nutrition; RCT: Randomized Clinical Trial; RE: Resistance Exercise; reps: Repetitions; RPE: Rating of

Perceived Exertion.
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9. Future Directions

Given the escalating burden of HPB cancer and recommendations in recent guide-
lines, the inclusion of prehabilitation interventions, encompassing exercise and nutritional
components, should be a consideration within clinical care. The findings of our narrative
review suggest the potential significance of incorporating exercise and nutrition during
prehabilitation in the continuum of cancer care. These interventions may offer a critical
opportunity to enhance post-operative clinical outcomes, mitigate co-morbid risks, and
bolster overall survivorship among patients with HPB cancer.

Healthcare providers and clinicians can consider the integration of exercise and nu-
trition prehabilitation programs into the comprehensive care plan for patients with HPB
cancer. Tailoring these programs to individual patient needs, risk factors, and treatment
plans can result in better overall health outcomes and improved quality of life. However, it
is crucial to acknowledge that our understanding of prehabilitation in HPB cancer popula-
tions is still evolving. There remains a pressing need for further research in this area, with
a focus on determining the optimal timing, duration, and components of prehabilitation
programs. Additionally, ongoing research should explore the feasibility and effectiveness
of extending prehabilitation into the post-operative and rehabilitative phases of care to
ensure the long-term health and wellbeing of patients and survivors with HPB cancers.

10. Conclusions

Throughout the studies included in this review, prehabilitation interventions con-
sistently did not lead to worsened outcomes and displayed promising implications for
supporting post-operative outcomes, particularly in the domains of fitness and physical
function. These findings underscore the value of a holistic approach to patient care that
encompasses not only surgical and medical interventions but also proactive measures to
optimize patient health before surgery. The potential benefits of pre-operative prehabili-
tation interventions in HPB cancer populations are promising. Integrating exercise and
nutrition prehabilitation programs into clinical care should be considered a proactive step
towards improving patient outcomes and enhancing overall quality of life in the face of
these challenging cancers.

Author Contributions: Conceptualization, C.N.C. and C.M.D.-C.; methodology, C.N.C.; data curation,
C.N.C. and S.E; writing—original draft preparation, CN.C., D.-W.K,, RLW,, PG.-E,, S.F, D.H. and
CM.D.-C.; writing—review and editing, CN.C., D.-WK,, RLW., PG.-E,, S.F, D.H. and CM.D.-C;
supervision, C.M.D.-C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Arnold, M.; Abnet, C.C.; Neale, R.E.; Vignat, J.; Giovannucci, E.L.; McGlynn, K.A.; Bray, F. Global burden of 5 major types of
gastrointestinal cancer. Gastroenterology 2020, 159, 335-349.e15. [CrossRef] [PubMed]

2. Lu, L;Mullins, C.S,; Schafmayer, C.; Zeif8ig, S.; Linnebacher, M. A global assessment of recent trends in gastrointestinal cancer
and lifestyle-associated risk factors. Cancer Commun. 2021, 41, 1137-1151. [CrossRef] [PubMed]

3.  Ferlay, ].; Ervik, M.; Lam, E; Colombet, M.; Mery, L.; Pifieros, M.; Znaor, A.; Soerjomataram, I.; Bray, F. Global cancer observatory:
Cancer today. Lyon Fr. Int. Agency Res. Cancer 2018, 3, 2019.

4. Sung, H,; Ferlay, |.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209-249. [CrossRef]

5. Siegel, RL.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer statistics, 2023. CA Cancer ]. Clin. 2023, 73, 17-48. [CrossRef] [PubMed]


https://doi.org/10.1053/j.gastro.2020.02.068
https://www.ncbi.nlm.nih.gov/pubmed/32247694
https://doi.org/10.1002/cac2.12220
https://www.ncbi.nlm.nih.gov/pubmed/34563100
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21763
https://www.ncbi.nlm.nih.gov/pubmed/36633525

Nutrients 2023, 15, 5044 21 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

Lafaro, K.; Buettner, S.; Magsood, H.; Wagner, D.; Bagante, F; Spolverato, G.; Xu, L.; Kamel, I.; Pawlik, T.M. Defining Post
Hepatectomy Liver Insufficiency: Where do We stand? ]. Gastrointest. Surg. 2015, 19, 2079-2092. [CrossRef] [PubMed]

Vallance, A.E.; Young, A.L.; Macutkiewicz, C.; Roberts, K.J.; Smith, A.M. Calculating the risk of a pancreatic fistula after a
pancreaticoduodenectomy: A systematic review. HPB 2015, 17, 1040-1048. [CrossRef]

Hurria, A.; Jones, L.; Muss, H.B. Cancer Treatment as an Accelerated Aging Process: Assessment, Biomarkers, and Interventions.
Am. Soc. Clin. Oncol. Educ. Book 2016, 36, e516—e522. [CrossRef]

Kneuertz, PJ.; Pitt, H.A.; Bilimoria, K.Y,; Smiley, ].P.; Cohen, M.E.; Ko, C.Y.; Pawlik, T.M. Risk of Morbidity and Mortality
Following Hepato-Pancreato-Biliary Surgery. |. Gastrointest. Surg. 2012, 16, 1727-1735. [CrossRef]

Ann, S.M.; Bonney, G.K,; Balakrishnan, A. Prehabilitation for Hepatobiliary-Pancreatic Cancer Surgery. In Prehabilitation for Cancer
Surgery; Springer: Singapore, 2022; pp. 251-261.

American Cancer Society. Treating Liver Cancer: Surgery for Liver Cancer. 2022. Updated 19 April 2019. Available online:
https:/ /www.cancer.org/cancer/liver-cancer/ treating /surgery.html (accessed on 1 August 2023).

American Cancer Society. Treating Pancreatic Cancer: Treating Pancreatic Cancer, Based on Extend of the Cancer. 2022. Updated
2 January 2020. Available online: https://www.cancer.org/cancer/pancreatic-cancer/treating /by-stage.html (accessed on
1 August 2023).

American Cancer Society. Treating Bile Duct Cancer: Treatment Options Based on the Extent of Bile Duct Cancer. 2022. Updated 30
September 2022. Available online: https:/ /www.cancer.org/cancer/bile-duct-cancer/treating /based-on-situation.html (accessed
on 1 August 2023).

Gunasekaran, G.; Bekki, Y.; Lourdusamy, V.; Schwartz, M. Surgical Treatments of Hepatobiliary Cancers. Hepatology 2021,
73,128-136. [CrossRef]

Colavita, P.D.; Tsirline, V.B.; Belyansky, I.; Swan, R.Z.; Walters, A.L.; Lincourt, A.E.; Iannitti, D.A.; Heniford, B.T. Regionalization
and Outcomes of Hepato-pancreato-biliary Cancer Surgery in USA. |. Gastrointest. Surg. 2014, 18, 532-541. [CrossRef]
Ellington, T.D.; Momin, B.; Wilson, R.].; Henley, S.J.; Wu, M.; Ryerson, A.B. Incidence and Mortality of Cancers of the Biliary Tract,
Gallbladder, and Liver by Sex, Age, Race/Ethnicity, and Stage at Diagnosis: United States, 2013 to 2017 Incidence and Mortality
of Cancers of the Biliary Tract. Cancer Epidemiol. Biomark. Prev. 2021, 30, 1607-1614. [CrossRef]

Mylius, C.E,; Krijnen, W.P,; Takken, T.; Lips, D.J.; Eker, H.; Van Der Schans, C.P.; Klaase, ].M. Objectively measured preoperative
physical activity is associated with time to functional recovery after hepato-pancreato-biliary cancer surgery: A pilot study.
Perioper. Med. 2021, 10, 33. [CrossRef]

Herold, Z.; Szasz, A.M.; Dank, M. Evidence based tools to improve efficiency of currently administered oncotherapies for tumors
of the hepatopancreatobiliary system. World ]. Gastrointest. Oncol. 2021, 13, 1109-1120. [CrossRef] [PubMed]

Llovet, ] M.; Kelley, R.K,; Villanueva, A.; Singal, A.G.; Pikarsky, E.; Roayaie, S.; Lencioni, R.; Koike, K.; Zucman-Rossi, J.; Finn, R.S.
Hepatocellular carcinoma. Nat. Rev. Dis. Primers 2021, 7, 6. [CrossRef] [PubMed]

Buchard, B.; Boirie, Y.; Cassagnes, L.; Lamblin, G.; Coilly, A.; Abergel, A. Assessment of Malnutrition, Sarcopenia and Frailty in
Patients with Cirrhosis: Which Tools Should We Use in Clinical Practice? Nutrients 2020, 12, 186. [CrossRef]

Cornet, M,; Lim, C.; Salloum, C.; Lazzati, A.; Compagnon, P.; Pascal, G.; Azoulay, D. Prognostic value of sarcopenia in liver
surgery. J. Visc. Surg. 2015, 152, 297-304. [CrossRef] [PubMed]

Hall, A.; Smith, R.; Older, P.; French, C. Preoperative cardiopulmonary risk assessment by cardiopulmonary exercise testing. Crit.
Care Resusc. 2000, 2, 198-208.

Robinson, T.N.; Wu, D.S.; Pointer, L.; Dunn, C.L.; Cleveland, J.C., Jr.; Moss, M. Simple frailty score predicts postoperative
complications across surgical specialties. Am. |. Surg. 2013, 206, 544-550. [CrossRef]

Snowden, C.P; Prentis, ].M.; Anderson, H.L.; Roberts, D.R.; Randles, D.; Renton, M.; Manas, D.M. Submaximal cardiopulmonary
exercise testing predicts complications and hospital length of stay in patients undergoing major elective surgery. Ann. Surg. 2010,
251, 535-541. [CrossRef]

Yokoyama, Y.; Nagino, M.; Ebata, T. Importance of “muscle” and “intestine” training before major HPB surgery: A review.
J. Hepato-Biliary-Pancreat. Sci. 2021, 28, 545-555. [CrossRef] [PubMed]

Lee, K.; Zhou, J.; Norris, M.K.; Chow, C.; Dieli-Conwright, C.M. Prehabilitative Exercise for the Enhancement of Physical,
Psychosocial, and Biological Outcomes Among Patients Diagnosed with Cancer. Curr. Oncol. Rep. 2020, 22, 71. [CrossRef]
[PubMed]

Xue, Q.-L. The Frailty Syndrome: Definition and Natural History. Clin. Geriatr. Med. 2011, 27, 1-15. [CrossRef] [PubMed]

Liu, C.K,; Fielding, R.A. Exercise as an Intervention for Frailty. Clin. Geriatr. Med. 2011, 27, 101-110. [CrossRef] [PubMed]

Lee, L.; Heckman, G.; Molnar, FJ. Frailty: Identifying elderly patients at high risk of poor outcomes. Can. Fam. Physician 2015, 61,
227-231. [PubMed]

Kabashneh, S.; Alkassis, S.; Shanah, L.; Ali, H. A Complete Guide to Identify and Manage Malnutrition in Hospitalized Patients.
Cureus 2020, 12, e8486. [CrossRef] [PubMed]

Saunders, J.; Smith, T. Malnutrition: Causes and consequences. Clin. Med. 2010, 10, 624-627. [CrossRef] [PubMed]

Argiles, ]. Cancer-associated malnutrition. Eur. J. Oncol. Nurs. 2005, 9, S39-S50. [CrossRef] [PubMed]

Lambert, J.E.; Hayes, L.D.; Keegan, T.J.; Subar, D.A.; Gaffney, C.J. The Impact of Prehabilitation on Patient Outcomes in
Hepatobiliary, Colorectal, and Upper Gastrointestinal Cancer Surgery. Ann. Surg. 2021, 274, 70-77. [CrossRef]


https://doi.org/10.1007/s11605-015-2872-6
https://www.ncbi.nlm.nih.gov/pubmed/26063080
https://doi.org/10.1111/hpb.12503
https://doi.org/10.1200/EDBK_156160
https://doi.org/10.1007/s11605-012-1938-y
https://www.cancer.org/cancer/liver-cancer/treating/surgery.html
https://www.cancer.org/cancer/pancreatic-cancer/treating/by-stage.html
https://www.cancer.org/cancer/bile-duct-cancer/treating/based-on-situation.html
https://doi.org/10.1002/hep.31325
https://doi.org/10.1007/s11605-014-2454-z
https://doi.org/10.1158/1055-9965.EPI-21-0265
https://doi.org/10.1186/s13741-021-00202-7
https://doi.org/10.4251/wjgo.v13.i9.1109
https://www.ncbi.nlm.nih.gov/pubmed/34616516
https://doi.org/10.1038/s41572-020-00240-3
https://www.ncbi.nlm.nih.gov/pubmed/33479224
https://doi.org/10.3390/nu12010186
https://doi.org/10.1016/j.jviscsurg.2015.08.001
https://www.ncbi.nlm.nih.gov/pubmed/26476674
https://doi.org/10.1016/j.amjsurg.2013.03.012
https://doi.org/10.1097/SLA.0b013e3181cf811d
https://doi.org/10.1002/jhbp.835
https://www.ncbi.nlm.nih.gov/pubmed/33058524
https://doi.org/10.1007/s11912-020-00932-9
https://www.ncbi.nlm.nih.gov/pubmed/32537699
https://doi.org/10.1016/j.cger.2010.08.009
https://www.ncbi.nlm.nih.gov/pubmed/21093718
https://doi.org/10.1016/j.cger.2010.08.001
https://www.ncbi.nlm.nih.gov/pubmed/21093726
https://www.ncbi.nlm.nih.gov/pubmed/25767167
https://doi.org/10.7759/cureus.8486
https://www.ncbi.nlm.nih.gov/pubmed/32656004
https://doi.org/10.7861/clinmedicine.10-6-624
https://www.ncbi.nlm.nih.gov/pubmed/21413492
https://doi.org/10.1016/j.ejon.2005.09.006
https://www.ncbi.nlm.nih.gov/pubmed/16437757
https://doi.org/10.1097/SLA.0000000000004527

Nutrients 2023, 15, 5044 22 of 24

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Dewulf, M.; Verrips, M.; Coolsen, M.M.E.; Olde Damink, S.-W.M.; Den Dulk, M.; Bongers, B.C.; Dejong, K.; Bouwense, S.A.W.
The effect of prehabilitation on postoperative complications and postoperative hospital stay in hepatopancreatobiliary surgery a
systematic review. HPB 2021, 23, 1299-1310. [CrossRef]

Joliat, G.R.; Kobayashi, K.; Hasegawa, K.; Thomson, J.E.; Padbury, R.; Scott, M.; Brustia, R.; Scatton, O.; Tran Cao, H.S.;
Vauthey, ].N.; et al. Guidelines for Perioperative Care for Liver Surgery: Enhanced Recovery After Surgery (ERAS) Society
Recommendations 2022. World J. Surg. 2023, 47, 11-34. [CrossRef] [PubMed]

Durrand, J.; Singh, S.J.; Danjoux, G. Prehabilitation. Clin. Med. 2019, 19, 458-464. [CrossRef] [PubMed]

Minnella, E.M.; Carli, F. Prehabilitation and functional recovery for colorectal cancer patients. Eur. J. Surg. Oncol. 2018, 44,
919-926. [CrossRef] [PubMed]

Gurlit, S.; Gogol, M. Prehabilitation is better than cure. Curr. Opin. Anesthesiol. 2019, 32, 108-115. [CrossRef]

Mohan, R.; Huey, CW.T,; Junnarkar, S.; Low, J.K.; Shelat, V.G. Prehabilitation in elderly patients scheduled for liver resection and
protocol for Recovery Of Surgery in Elderly. Hepatoma Res. 2020, 6, 13. [CrossRef]

Boereboom, C.; Doleman, B.; Lund, ].N.; Williams, J.P. Systematic review of pre-operative exercise in colorectal cancer patients.
Tech. Coloproctol. 2016, 20, 81-89. [CrossRef]

Michael, C.M.; Lehrer, E.J.; Schmitz, K.H.; Zaorsky, N.G. Prehabilitation exercise therapy for cancer: A systematic review and
meta-analysis. Cancer Med. 2021, 10, 4195-4205. [CrossRef]

Bongers, B.C.; Dejong, C.H.C.; den Dulk, M. Enhanced recovery after surgery programmes in older patients undergoing
hepatopancreatobiliary surgery: What benefits might prehabilitation have? Eur. J. Surg. Oncol. 2021, 47, 551-559. [CrossRef]
Deprato, A.; Verhoeff, K.; Purich, K.; Kung, J.Y.; Bigam, D.L.; Dajani, K.Z. Surgical outcomes and quality of life following
exercise-based prehabilitation for hepato-pancreatico-biliary surgery: A systematic review and meta-analysis. Hepatobiliary
Pancreat. Dis. Int. 2022, 21, 207-217. [CrossRef]

Dagorno, C.; Sommacale, D.; Laurent, A.; Attias, A.; Mongardon, N.; Levesque, E.; Langeron, O.; Rhaiem, R.; Leroy, V.; Amaddeo,
G. Prehabilitation in hepato-pancreato-biliary surgery: A systematic review and meta-analysis. A necessary step forward
evidence-based sample size calculation for future trials. J. Visc. Surg. 2022, 159, 362-372. [CrossRef]

Kitahata, Y.; Hirono, S.; Kawai, M.; Okada, K.I.; Miyazawa, M.; Shimizu, A.; Kobayashi, R.; Ueno, M.; Hayami, S.; Shimokawa,
T.; et al. Intensive perioperative rehabilitation improves surgical outcomes after pancreaticoduodenectomy. Langenbecks Arch.
Surg. 2018, 403, 711-718. [CrossRef]

Mikami, Y.; Kouda, K.; Kawasaki, S.; Okada, K.I.; Kawai, M.; Kitahata, Y.; Miyazawa, M.; Hirono, S.; Unno, M.; Tajima, F,; et al.
Preoperative In-Hospital Rehabilitation Improves Physical Function in Patients with Pancreatic Cancer Scheduled for Surgery.
Tohoku ]. Exp. Med. 2020, 251, 279-285. [CrossRef] [PubMed]

Ngo-Huang, A.; Parker, N.H.; Bruera, E.; Lee, R.E.; Simpson, R.; O’Connor, D.P;; Petzel, M.Q.B.; Fontillas, R.C.; Schadler, K,;
Xiao, L.; et al. Home-Based Exercise Prehabilitation During Preoperative Treatment for Pancreatic Cancer Is Associated with
Improvement in Physical Function and Quality of Life. Integr. Cancer Ther. 2019, 18. [CrossRef] [PubMed]

Ngo-Huang, A.; Parker, N.H.; Wang, X.; Petzel, M.Q.B.; Fogelman, D.; Schadler, K.L.; Bruera, E.; Fleming, ].B.; Lee, J.E.; Katz,
M.H.G. Home-based exercise during preoperative therapy for pancreatic cancer. Langenbecks Arch. Surg. 2017, 402, 1175-1185.
[CrossRef] [PubMed]

Parker, N.H.; Gorzelitz, J.; Ngo-Huang, A.; Caan, B.J.; Prakash, L.; Garg, N.; Petzel, M.Q.B.; Schadler, K.; Basen-Engquist, K.; Katz,
M.H.G. The Role of Home-Based Exercise in Maintaining Skeletal Muscle During Preoperative Pancreatic Cancer Treatment.
Integr. Cancer Ther. 2021, 20, 1534735420986615. [CrossRef] [PubMed]

Parker, N.H.; Ngo-Huang, A.; Lee, R.E.; O’Connor, D.P,; Basen-Engquist, K.M.; Petzel, M.Q.B.; Wang, X.; Xiao, L.; Fogelman, D.R,;
Schadler, K.L.; et al. Physical activity and exercise during preoperative pancreatic cancer treatment. Support Care Cancer 2019, 27,
2275-2284. [CrossRef] [PubMed]

Ausania, F,; Senra, P.; Meléndez, R.; Caballeiro, R.; Ouvifia, R.; Casal-Nufez, E. Prehabilitation in patients undergoing pancreati-
coduodenectomy: A randomized controlled trial. Rev. Esp. Enferm. Dig. 2019, 111, 603-608. [CrossRef]

van Wijk, L.; Bongers, B.C.; Berkel, A.E.M.; Buis, C.I.; Reudink, M.; Liem, M.S.L.; Slooter, G.D.; van Meeteren, N.L.U.; Klaase,
J.M. Improved preoperative aerobic fitness following a home-based bimodal prehabilitation programme in high-risk patients
scheduled for liver or pancreatic resection. Br. J. Surg. 2022, 109, 1036-1039. [CrossRef]

Kaibori, M.; Ishizaki, M.; Matsui, K.; Nakatake, R.; Yoshiuchi, S.; Kimura, Y.; Kwon, A.H. Perioperative exercise for chronic liver
injury patients with hepatocellular carcinoma undergoing hepatectomy. Am. J. Surg. 2013, 206, 202-209. [CrossRef]

Dunne, D.F; Jack, S.; Jones, R.P; Jones, L.; Lythgoe, D.T.; Malik, H.Z.; Poston, G.]J.; Palmer, D.H.; Fenwick, S.W. Randomized
clinical trial of prehabilitation before planned liver resection. Br. J. Surg. 2016, 103, 504-512. [CrossRef]

Baimas-George, M.; Watson, M.; Thompson, K.; Shastry, V.; lannitti, D.; Martinie, J.B.; Baker, E.; Parala-Metz, A.; Vrochides, D.
Prehabilitation for Hepatopancreatobiliary Surgical Patients: Interim Analysis Demonstrates a Protective Effect From Neoadjuvant
Chemotherapy and Improvement in the Frailty Phenotype. Am. Surg. 2021, 87, 714-724. [CrossRef] [PubMed]

Nakajima, H.; Yokoyama, Y.; Inoue, T.; Nagaya, M.; Mizuno, Y.; Kadono, I.; Nishiwaki, K.; Nishida, Y.; Nagino, M. Clinical Benefit
of Preoperative Exercise and Nutritional Therapy for Patients Undergoing Hepato-Pancreato-Biliary Surgeries for Malignancy.
Ann. Surg. Oncol. 2019, 26, 264-272. [CrossRef]

Wang, B.; Shelat, V.G.; Chow, ].].L.; Huey, T.C.W,; Low, ] K.; Woon, WW.L.; Junnarkar, S.P. Prehabilitation Program Improves
Outcomes of Patients Undergoing Elective Liver Resection. J. Surg. Res. 2020, 251, 119-125. [CrossRef] [PubMed]


https://doi.org/10.1016/j.hpb.2021.04.021
https://doi.org/10.1007/s00268-022-06732-5
https://www.ncbi.nlm.nih.gov/pubmed/36310325
https://doi.org/10.7861/clinmed.2019-0257
https://www.ncbi.nlm.nih.gov/pubmed/31732585
https://doi.org/10.1016/j.ejso.2018.04.016
https://www.ncbi.nlm.nih.gov/pubmed/29754828
https://doi.org/10.1097/ACO.0000000000000678
https://doi.org/10.20517/2394-5079.2019.53
https://doi.org/10.1007/s10151-015-1407-1
https://doi.org/10.1002/cam4.4021
https://doi.org/10.1016/j.ejso.2020.03.211
https://doi.org/10.1016/j.hbpd.2022.02.004
https://doi.org/10.1016/j.jviscsurg.2021.07.003
https://doi.org/10.1007/s00423-018-1710-1
https://doi.org/10.1620/tjem.251.279
https://www.ncbi.nlm.nih.gov/pubmed/32759553
https://doi.org/10.1177/1534735419894061
https://www.ncbi.nlm.nih.gov/pubmed/31858837
https://doi.org/10.1007/s00423-017-1599-0
https://www.ncbi.nlm.nih.gov/pubmed/28710540
https://doi.org/10.1177/1534735420986615
https://www.ncbi.nlm.nih.gov/pubmed/33870744
https://doi.org/10.1007/s00520-018-4493-6
https://www.ncbi.nlm.nih.gov/pubmed/30334105
https://doi.org/10.17235/reed.2019.6182/2019
https://doi.org/10.1093/bjs/znac230
https://doi.org/10.1016/j.amjsurg.2012.07.035
https://doi.org/10.1002/bjs.10096
https://doi.org/10.1177/0003134820952378
https://www.ncbi.nlm.nih.gov/pubmed/33170023
https://doi.org/10.1245/s10434-018-6943-2
https://doi.org/10.1016/j.jss.2020.01.009
https://www.ncbi.nlm.nih.gov/pubmed/32135382

Nutrients 2023, 15, 5044 23 of 24

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

77.

78.

79.

80.

81.

82.

83.

Bui Ngoc, T. Prehabilitation in Patients Undergoing Surgery for Hepatobiliary or Pancreatic Cancer. Ph.D. Thesis, Concordia
University, Montreal, QC, Canada, 2019.

Arends, J.; Bachmann, P.; Baracos, V.; Barthelemy, N.; Bertz, H.; Bozzetti, F.; Fearon, K.; Hiitterer, E.; Isenring, E.; Kaasa, S.; et al.
ESPEN guidelines on nutrition in cancer patients. Clin. Nutr. 2017, 36, 11-48. [CrossRef] [PubMed]

Carli, F; Gillis, C.; Scheede-Bergdahl, C. Promoting a culture of prehabilitation for the surgical cancer patient. Acta Oncol. 2017,
56, 128-133. [CrossRef] [PubMed]

Trestini, I.; Cintoni, M.; Rinninella, E.; Grassi, F; Paiella, S.; Salvia, R.; Bria, E.; Pozzo, C.; Alfieri, S.; Gasbarrini, A. Neoadjuvant
treatment: A window of opportunity for nutritional prehabilitation in patients with pancreatic ductal adenocarcinoma. World J.
Gastrointest. Surg. 2021, 13, 885-903. [CrossRef] [PubMed]

Piraux, E.; Caty, G.; Reychler, G. Effects of preoperative combined aerobic and resistance exercise training in cancer patients
undergoing tumour resection surgery: A systematic review of randomised trials. Surg. Oncol. 2018, 27, 584-594. [CrossRef] [PubMed]
Steffens, D.; Beckenkamp, P.R.; Young, J.; Solomon, M.; da Silva, T.M.; Hancock, M.]. Is preoperative physical activity level of
patients undergoing cancer surgery associated with postoperative outcomes? A systematic review and meta-analysis. Eur. |. Surg.
Oncol. 2019, 45, 510-518. [CrossRef]

De Luca, R.; Gianotti, L.; Pedrazzoli, P.; Brunetti, O.; Rizzo, A.; Sandini, M.; Paiella, S.; Pecorelli, N.; Pugliese, L.; Pietrabissa,
A.; et al. Immunonutrition and prehabilitation in pancreatic cancer surgery: A new concept in the era of ERAS®and neoadjuvant
treatment. Eur. J. Surg. Oncol. 2023, 49, 542-549. [CrossRef]

Silver, ] K.; Baima, J.; Mayer, R.S. Impairment-driven cancer rehabilitation: An essential component of quality care and survivor-
ship. CA Cancer ]. Clin. 2013, 63, 295-317. [CrossRef]

Brown, J.C.; Winters-Stone, K.; Lee, A.; Schmitz, K.H. Cancer, Physical Activity, and Exercise. Compr. Physiol. 2012, 2, 2775-2809.
[CrossRef]

Baracos, V.; Kazemi-Bajestani, S.M. Clinical outcomes related to muscle mass in humans with cancer and catabolic illnesses. Int. J.
Biochem. Cell Biol. 2013, 45, 2302-2308. [CrossRef] [PubMed]

Martin, L.; Birdsell, L.; Macdonald, N.; Reiman, T.; Clandinin, M.T.; McCargar, L.J.; Murphy, R.; Ghosh, S.; Sawyer, M.B.; Baracos,
V.E. Cancer cachexia in the age of obesity: Skeletal muscle depletion is a powerful prognostic factor, independent of body mass
index. J. Clin. Oncol. 2013, 31, 1539-1547. [CrossRef] [PubMed]

Fulghum, K.; Hill, B.G. Metabolic mechanisms of exercise-induced cardiac remodeling. Front. Cardiovasc. Med. 2018, 5, 127.
[CrossRef] [PubMed]

Ma, C; Lin, M,; Gao, J.; Xu, S.; Huang, L.; Zhu, J.; Huang, J.; Tao, J.; Chen, L. The impact of physical activity on blood inflammatory
cytokines and neuroprotective factors in individuals with mild cognitive impairment: A systematic review and meta-analysis of
randomized-controlled trials. Aging Clin. Exp. Res. 2022, 34, 1471-1484. [CrossRef]

Proschinger, S.; Winker, M.; Joisten, N.; Bloch, W.; Palmowski, J.; Zimmer, P. The effect of exercise on regulatory T cells: A
systematic review of human and animal studies with future perspectives and methodological recommendations. Exerc. Immunol.
Rev. 2021, 27, 142-166.

Gillis, C.; Wischmeyer, P.E. Pre-operative nutrition and the elective surgical patient: Why, how and what? Anaesthesia 2019, 74
(Suppl. S1), 27-35. [CrossRef] [PubMed]

Pillinger, N.L.; Robson, ].L.; Kam, P. Nutritional prehabilitation: Physiological basis and clinical evidence. Anaesth. Intensive Care
2018, 46, 453-462. [CrossRef]

Gillis, C.; Carli, F. Promoting Perioperative Metabolic and Nutritional Care. Anesthesiology 2015, 123, 1455-1472. [CrossRef]
Prado, C.M.; Ford, K.L.; Gonzalez, M.C.; Murnane, L.C.; Gillis, C.; Wischmeyer, PE.; Morrison, C.A.; Lobo, D.N. Nascent to novel
methods to evaluate malnutrition and frailty in the surgical patient. |. Parenter. Enter. Nutr. 2023, 47, S54-S68. [CrossRef]
Weimann, A. Is there a rationale for perioperative nutrition therapy in the times of ERAS? Innov. Surg. Sci. 2019, 4, 152-157.
[CrossRef]

Janevska, D.; Chaloska-Ivanova, V.; Janevski, V. Hepatocellular Carcinoma: Risk Factors, Diagnosis and Treatment. Open Access
Maced. J. Med. Sci. 2015, 3, 732-736. [CrossRef]

Mima, K.; Nakagawa, S.; Miyata, T.; Yamashita, Y.I.; Baba, H. Frailty and surgical outcomes in gastrointestinal cancer: Integration
of geriatric assessment and prehabilitation into surgical practice for vulnerable patients. Ann. Gastroenterol. Surg. 2023, 7, 27-41.
[CrossRef] [PubMed]

Giallauria, F; Cittadini, A.; Smart, N.A.; Vigorito, C. Resistance training and sarcopenia. Monaldi Arch. Chest Dis. 2015, 84.
[CrossRef] [PubMed]

Cao, A,; Ferrucci, L.M.; Caan, B.J.; Irwin, M.L. Effect of exercise on sarcopenia among cancer survivors: A systematic review.
Cancers 2022, 14, 786. [CrossRef] [PubMed]

Williams, G.R.; Dunne, R.F,; Giri, S.; Shachar, S.S.; Caan, B.J. Sarcopenia in the older adult with cancer. J. Clin. Oncol. 2021, 39, 2068.
[CrossRef] [PubMed]

Scott, ].M.; Nilsen, T.S.; Gupta, D.; Jones, L.W. Exercise Therapy and Cardiovascular Toxicity in Cancer. Circulation 2018, 137,
1176-1191. [CrossRef] [PubMed]

Campbell, K.L.; Winters-Stone, K.M.; Wiskemann, J.; May, A.M.; Schwartz, A.L.; Courneya, K.S.; Zucker, D.S.; Matthews,
C.E.; Ligibel, J.A.; Gerber, L.H.; et al. Exercise Guidelines for Cancer Survivors: Consensus Statement from International
Multidisciplinary Roundtable. Med. Sci. Sports Exerc. 2019, 51, 2375-2390. [CrossRef]


https://doi.org/10.1016/j.clnu.2016.07.015
https://www.ncbi.nlm.nih.gov/pubmed/27637832
https://doi.org/10.1080/0284186X.2016.1266081
https://www.ncbi.nlm.nih.gov/pubmed/28067101
https://doi.org/10.4240/wjgs.v13.i9.885
https://www.ncbi.nlm.nih.gov/pubmed/34621468
https://doi.org/10.1016/j.suronc.2018.07.007
https://www.ncbi.nlm.nih.gov/pubmed/30217322
https://doi.org/10.1016/j.ejso.2018.10.063
https://doi.org/10.1016/j.ejso.2022.12.006
https://doi.org/10.3322/caac.21186
https://doi.org/10.1002/cphy.c120005
https://doi.org/10.1016/j.biocel.2013.06.016
https://www.ncbi.nlm.nih.gov/pubmed/23819995
https://doi.org/10.1200/JCO.2012.45.2722
https://www.ncbi.nlm.nih.gov/pubmed/23530101
https://doi.org/10.3389/fcvm.2018.00127
https://www.ncbi.nlm.nih.gov/pubmed/30255026
https://doi.org/10.1007/s40520-021-02069-6
https://doi.org/10.1111/anae.14506
https://www.ncbi.nlm.nih.gov/pubmed/30604414
https://doi.org/10.1177/0310057X1804600505
https://doi.org/10.1097/ALN.0000000000000795
https://doi.org/10.1002/jpen.2420
https://doi.org/10.1515/iss-2019-0012
https://doi.org/10.3889/oamjms.2015.111
https://doi.org/10.1002/ags3.12601
https://www.ncbi.nlm.nih.gov/pubmed/36643358
https://doi.org/10.4081/monaldi.2015.738
https://www.ncbi.nlm.nih.gov/pubmed/27374049
https://doi.org/10.3390/cancers14030786
https://www.ncbi.nlm.nih.gov/pubmed/35159052
https://doi.org/10.1200/JCO.21.00102
https://www.ncbi.nlm.nih.gov/pubmed/34043430
https://doi.org/10.1161/CIRCULATIONAHA.117.024671
https://www.ncbi.nlm.nih.gov/pubmed/29530893
https://doi.org/10.1249/MSS.0000000000002116

Nutrients 2023, 15, 5044 24 of 24

84.

85.

86.
87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Debette-Gratien, M.; Tabouret, T.; Antonini, M.T.; Dalmay, E; Carrier, P; Legros, R.; Jacques, J.; Vincent, E; Sautereau, D.; Samuel,
D.; et al. Personalized adapted physical activity before liver transplantation: Acceptability and results. Transplantation 2015, 99, 145-150.
[CrossRef]

Barberan-Garcia, A.; Ubré, M.; Roca, J.; Lacy, A.M.; Burgos, E; Risco, R.; Momblan, D.; Balust, J.; Blanco, I.; Martinez-Palli,
G. Personalised Prehabilitation in High-risk Patients Undergoing Elective Major Abdominal Surgery: A Randomized Blinded
Controlled Trial. Ann. Surg. 2018, 267, 50-56. [CrossRef]

Chakraborty, A.; Balakrishnan, A. Prehabilitation for Cancer Surgery; Springer: Singapore, 2022.

Barnes, O.; Wilson, R.L.; Gonzalo-Encabo, P.; Kang, D.W.; Christopher, C.N.; Bentley, T.; Dieli-Conwright, C.M. The Effect of
Exercise and Nutritional Interventions on Body Composition in Patients with Advanced or Metastatic Cancer: A Systematic
Review. Nutrients 2022, 14, 2110. [CrossRef] [PubMed]

Bibby, N.; Griffin, O. Nutritional considerations for the management of the older person with hepato-pancreatico-biliary
malignancy. Eur. J. Surg. Oncol. 2021, 47, 533-538. [CrossRef] [PubMed]

Al-Jumayli, M. Senior Adult Hepatobiliary Prehab Study. ClinicalTrials.gov Identifier: NCT05921552. Updated 27 June 2023. Available
online: https://www.clinicaltrials.gov/study/NCT05921552?term=NCT05921552&amp;rank=1 (accessed on 24 September 2023).
Berardi, G. Nutrition and Exercise Prehabilitation to Reduce Morbidity Following Major Liver Surgery in Sarcopenic Patients
(NEXPREM). ClinicalTrials.gov Identifier: NCT05281211. Updated 17 May 2022. Available online: https://www.clinicaltrials.
gov/study/NCT05281211?term=NCT05281211&amp;rank=1 (accessed on 24 September 2023).

Case Comprehensive Cancer Center. Multidimensional Prehabilitation in Pancreatic Surgery for Pancreatic and Periampullary
Neoplasms. ClinicalTrials.gov Identifier: NCT05225038. Updated 10 May 2023. Available online: https://www.clinicaltrials.gov/
study /NCT05225038?term=NCT05225038&amp;rank=1 (accessed on 24 September 2023).

dels Angels Cebria i Iranzo, M. Prehabilitation and Posttransplant Training Program in Liver Transplantation (PreLiveR-T).
ClinicalTrials.gov Identifier: NCT04246970. Updated 1 March 2023. Available online: https:/ /clinicaltrials.gov/study/NCT04246
970 (accessed on 24 September 2023).

Dieli-Conwright, C. Resistance Exercise Combined with Protein Supplementation in People with Pancreatic Cancer: The RE-
BUILD Trial. ClinicalTrials.gov Identifier: NCT05356117. Updated 21 February 2023. Available online: https://clinicaltrials.gov/
study/NCT05356117 (accessed on 24 September 2023).

Ejaz, A. The RIOT Trial: Re-Defining Frailty and Improving Outcomes with Prehabilitation for Pancreatic, Liver, or Gastric Cancer
(RIOT). ClinicalTrials.gov Identifier: NCT04602026. Updated 29 November 2022. Available online: https://www.clinicaltrials.
gov/study/NCT04602026?term=NCT04602026&amp;rank=1 (accessed on 24 September 2023).

Elamrani, M. Preoperative Prehabilitation for Sarcopenic Patients Prior to Pancreatic Surgery for Cancer (PSOAS). ClinicalTri-
als.gov Identifier: NCT04469504. Updated 8 February 2023. Available online: https:/ /classic.clinicaltrials.gov/ct2 /show /NCTO
4469504 (accessed on 24 September 2023).

Gonziélez, C. Evaluation of Prehabilitation as a Strategy to Minimize Surgical Risk in Pancreatic Surgery: Efficacy and Determining
Factors. ClinicalTrials.gov Identifier: NCT05489419. Updated 5 August 2022. Available online: https:/ /clinicaltrials.gov/study/
NCT05489419 (accessed on 24 September 2023).

Hedrick, T. Exercise Preconditioning with Cancer Surgeries (ExPre 01). ClinicalTrials.gov Identifier: NCT04923672. Updated 4
August 2023. Available online: https:/ /clinicaltrials.gov/study/NCT04923672 (accessed on 24 September 2023).

M.D. Anderson Cancer Center. PancFit: Multimodal Exercise during Preoperative Therapy for Pancreatic Cancer. Clinical-
Trials.gov Identifier: NCT03187951. Updated 18 April 2023. Available online: https://clinicaltrials.gov/study/NCT03187951
(accessed on 24 September 2023).

Mijwel, S. Metabolic Stress-Induced Exercise to Prevent Loss of Muscle Mass in Patients with Pancreatic and Biliary Tract Cancer
(PREV-Ex). ClinicalTrials.gov Identifier: NCT05044065. Updated 8 April 2022. Available online: https:/ /clinicaltrials.gov/study/
NCT05044065 (accessed on 24 September 2023).

Ngo-Huang, A. Tele-PancFit: A Multi-Site Trial of Video-Based Strengthening Exercise Prehabilitation for Patients with Resectable
Pancreatic Cancer ClinicalTrials.gov Identifier: NCT05836870 Updated 20 July 2023. Available online: https://clinicaltrials.gov/
study/NCT05836870 (accessed on 24 September 2023).

Obserstein, P. Feasibility of a Health Care Provider Guided Exercise Intervention Prior to Surgical Resection of Pancreatic Cancer.
ClinicalTrials.gov Identifier: NCT05483075. Updated 29 November 2022. Available online: https://classic.clinicaltrials.gov/ct2
/show /NCT05483075 (accessed on 24 September 2023).

Sell, N. Pilot Study of a Multimodal Prehabilitation Pancreatic Cancer Program. ClinicalTrials.gov Identifier: NCT03865875.
Updated 17 May 2021. Available online: https:/ /clinicaltrials.gov/study/NCT03865875 (accessed on 24 September 2023).
Vigano, A. Improving Outcomes in Cancer Patients with a Nutritional and Physical Conditioning Prehabilitation Program. Clinical-
Trials.gov Identifier: NCT03475966. Updated 8 December 2020. Available online: https:/ /clinicaltrials.gov/study/NCT03475966
(accessed on 24 September 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/TP.0000000000000245
https://doi.org/10.1097/SLA.0000000000002293
https://doi.org/10.3390/nu14102110
https://www.ncbi.nlm.nih.gov/pubmed/35631251
https://doi.org/10.1016/j.ejso.2020.04.024
https://www.ncbi.nlm.nih.gov/pubmed/32362465
https://www.clinicaltrials.gov/study/NCT05921552?term=NCT05921552&amp;rank=1
https://www.clinicaltrials.gov/study/NCT05281211?term=NCT05281211&amp;rank=1
https://www.clinicaltrials.gov/study/NCT05281211?term=NCT05281211&amp;rank=1
https://www.clinicaltrials.gov/study/NCT05225038?term=NCT05225038&amp;rank=1
https://www.clinicaltrials.gov/study/NCT05225038?term=NCT05225038&amp;rank=1
https://clinicaltrials.gov/study/NCT04246970
https://clinicaltrials.gov/study/NCT04246970
https://clinicaltrials.gov/study/NCT05356117
https://clinicaltrials.gov/study/NCT05356117
https://www.clinicaltrials.gov/study/NCT04602026?term=NCT04602026&amp;rank=1
https://www.clinicaltrials.gov/study/NCT04602026?term=NCT04602026&amp;rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04469504
https://classic.clinicaltrials.gov/ct2/show/NCT04469504
https://clinicaltrials.gov/study/NCT05489419
https://clinicaltrials.gov/study/NCT05489419
https://clinicaltrials.gov/study/NCT04923672
https://clinicaltrials.gov/study/NCT03187951
https://clinicaltrials.gov/study/NCT05044065
https://clinicaltrials.gov/study/NCT05044065
https://clinicaltrials.gov/study/NCT05836870
https://clinicaltrials.gov/study/NCT05836870
https://classic.clinicaltrials.gov/ct2/show/NCT05483075
https://classic.clinicaltrials.gov/ct2/show/NCT05483075
https://clinicaltrials.gov/study/NCT03865875
https://clinicaltrials.gov/study/NCT03475966

	Introduction 
	Methods 
	Design of Prehabilitation Programs in HPB Cancer Populations 
	Impact of Prehabilitation on Frailty and Malnutrition-Related Outcomes in HPB Cancer Populations 
	Fitness, Strength, and Physical Function 
	Biomarkers and Nutritional Status 
	Body Composition 
	Post-Operative Outcomes 

	Why Timing Matters 
	Alignment with Recent Guidelines 
	Impact of Prehabilitation on High-Risk Patients 
	Challenges in Assessing Prehabilitation Outcomes 

	Biologic Mechanisms of Prehabilitation Exercise and Nutrition Interventions 
	Exercise-Related Biological Mechanisms 
	Nutritional Status and Surgical Stress 

	Additional Considerations of Prehabilitation in HPB Cancer Populations 
	Ongoing Studies 
	Future Directions 
	Conclusions 
	References

