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Abstract

Purpose: Guidelines recommend exercise to cancer survivors, but limited data exists regarding
exercise among patients undergoing preoperative cancer treatment. We examined differences in
weekly self-reported exercise and accelerometer-measured physical activity among participants in
a home-based exercise program administered during preoperative treatment for pancreatic cancer.
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Methods: Participants were encouraged to perform at least 60 minutes/week of moderate-
intensity aerobic exercise and at least 60 minutes/week of full-body strengthening exercises
concurrent with chemotherapy, chemoradiation therapy or both sequentially and received
resistance equipment, program instruction, and biweekly follow-up calls to encourage adherence.
Self-reported aerobic and strengthening exercise minutes were measured using daily logs, and
physical activity was measured objectively using accelerometers.

Results: Fifty participants (48% female, mean age 66 + 8 years) participated for an average of
16 £+ 9 preoperative weeks. Participants reported overall means of 126 + 83 weekly minutes

of aerobic exercise and 39 + 33 weekly minutes of strengthening exercise in daily logs.
Participants performed 158.7 + 146.7 weekly minutes of accelerometer-measured moderate-to-
vigorous physical activity. There were no significant differences in exercise or physical activity
between treatment phases.

Conclusions: These findings suggest that it is feasible to target the entire preoperative course
for exercise prescription. Although participants exceeded aerobic exercise recommendations on
average, we observed low strengthening exercise adherence and wide variability in self-reported
exercise and accelerometer physical activity variables. These findings suggest that additional
support, including program adaptations, may be necessary to overcome barriers to exercise or
improve motivation when prescribing exercise in this clinical scenario.
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INTRODUCTION

Guidelines published by the American Cancer Society (ACS) and the American College
of Sports Medicine (ACSM) provide exercise recommendations to cancer survivors that
generally mirror those for healthy adults [1,2]. These guidelines recommend at least 150
minutes of moderate-intensity exercise or 75 minutes of vigorous-intensity exercise, or an
equivalent combination, along with at least two strengthening sessions for major muscle
groups each week. Although these guidelines are less concrete for people who are actively
undergoing cancer treatment than for those who have completed therapy, they recommend
that all people with cancer exercise and suggest that healthcare teams adapt exercise
prescriptions on the basis of each individual’s health status, anticipated disease trajectory,
and treatments received [2].

People with pancreatic cancer are generally older and frequently present with age- and
disease-associated conditions, including obesity, frailty, sarcopenia, and cachexia [3-6].

For some people with pancreatic cancer, a multimodality treatment strategy that includes
surgery may be curative [7]. However, pancreatic operations are generally associated with

a significant risk for postoperative complications, an arduous postoperative recovery, and
long-term effects on normal physiology and quality of life [8-11]. Moreover, chemotherapy,
chemoradiation therapy, or a sequence of both is increasingly administered prior to
pancreatic cancer surgery [3,5,12,13]. These treatments may be difficult for older adults
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with age- and disease-related comorbidities to tolerate, and may themselves be adversely
associated with loss of skeletal muscle and physical fitness that further affect both treatment
outcomes and survivorship [5,14-16].

Interventions designed to optimize health and fitness prior to pancreatic cancer surgery
therefore have a strong rationale. In the perioperative setting, the value of exercise has long
been recognized, but enthusiasm has only recently shifted from the prioritization of exercise
in the postoperative period (rehabilitation) to the preoperative period (prehabilitation) [17-
19]. When prescribed prior to therapy, exercise has been suggested to reduce surgical
complications, accelerate recovery, and facilitate the delivery of other necessary cancer
treatments [18-20]. Prior studies that have evaluated the efficacy of exercise prescribed
simultaneously with preoperative therapies for any cancer diagnosis are few [21,22],
however, and these have focused exclusively on people with breast, prostate, and colorectal
cancer. Only one—a small pilot study we previously conducted—has evaluated exercise
during preoperative therapy for pancreatic cancer [23]. A significant gap therefore exists in
our understanding of the volume of exercise that can be realistically and safely prescribed
among the generally older, more infirm group of patients with pancreatic cancer concurrent
with the administration of potentially toxic therapies.

We aimed to measure both exercise (here defined as physical activity performed for training
benefits, i.e., time spent intentionally performing aerobic or strengthening exercise) and
physical activity (here defined as all bodily movement, i.e., including intentional exercise
and as measured by a continuously-worn accelerometer) in this context. Moreover, we have
hypothesized that the levels of exercise and physical activity might vary during different
types of cancer therapies due to differences in their toxicity profiles, schedules of delivery,
and logistics of administration. To fill this knowledge gap and test our hypothesis, we
employed both subjective and objective strategies to measure exercise and physical activity
among patients with pancreatic cancer who participated in a home-based exercise program
administered concurrent with preoperative chemotherapy and/or chemoradiation therapy.

METHODS

Study setting and participants

Recruitment for this prospective, single-arm study (Clinical Trials.gov identifier
NCT02295956) took place at The University of Texas MD Anderson Cancer Center, a
comprehensive cancer center in Houston, TX [24]. All study activities were approved

by the MD Anderson Institutional Review Board under protocol #2014-0702. Informed
consent was obtained from all individual participants included in the study. Participants were
recruited as they presented for pancreatic cancer treatment planning between February 2015
and January 2017. Eligibility requirements were the following: biopsy-proven diagnosis

of pancreatic adenocarcinoma; treatment plan including the administration of systemic
chemotherapy, chemoradiation therapy, or both for at least 6 weeks prior to anticipated
pancreatectomy; English fluency; telephone access; and willingness to participate in follow-
up phone calls. Exclusion criteria were underlying and unstable cardiac or pulmonary
disease or symptomatic cardiac disease (New York Heart Association functional class of

I11 or IV), recent fracture or acute musculoskeletal injury that precluded ability to exercise
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using all four limbs, self-reported pain rating of at least 7 on a scale of 10, or myopathic or
rheumatologic disease that limited physical function.

All interested patients completed the Physical Activity Readiness Questionnaire (PAR-Q)
[25]. Patients who reported chest pain, dizziness, loss of balance or loss of consciousness
during physical activity, or chest pain at rest on the PAR-Q were ineligible for enroliment.
Patients reporting cardiac or musculoskeletal concerns required clearance by appropriate
physicians. Radiographic disease stage at presentation [26], Ppre-existing comorbidity [27],
and performance status [28] were coded according to established guidelines by trained
physicians and were extracted from participants’ electronic medical records. Significant
weight loss was noted for patients who reported >3 kg of weight loss in the previous 3
months at baseline and/or preoperative restaging [29].

Preoperative therapy

Participants were prescribed exercise concurrent with the administration of systemic
chemotherapy, chemoradiation therapy, or a sequence of both (Figure 1). The specific
regimen and duration of therapy were individualized. Each regimen was followed by a
break of 2—-6 weeks off therapy prior to surgical consideration. Partial pancreatic resection
was performed for selected participants who did not manifest clinical evidence of disease
progression during therapy. Historically, approximately 50-75% of patients treated with this
approach have proceeded with surgery [30].

Exercise program

As previously described, participants engaged in a multimodal, home-based exercise
program that included both aerobic and strengthening exercise components [23]. Participants
initiated exercise upon enrollment and were encouraged to continue for the duration of
preoperative therapy (Figure 1). The program was based on guidelines published by

the ACS and ACSM for cancer survivors [1,2], but with prescriptions attenuated to a
minimum total of 120 weekly minutes of moderate-intensity exercise (60 minutes aerobic,
60 minutes strengthening) to accommodate exercise intervention concurrent with active
therapy. Participants received comprehensive instruction from study staff explaining the
exercise prescription and demonstrating proper form for strengthening exercises. Participants
were called by research staff at least once every 2 weeks to encourage adherence, monitor
for adverse events, and address questions.

Participants were encouraged to walk briskly or perform preferred aerobic exercise (e.g.,
stationary cycling or elliptical training) for at least 20 minutes per day on at least 3 days

per week. Participants were encouraged to maintain moderate aerobic exercise intensity
aerobic exercise, corresponding to ratings of 12—-13 on the Borg Rating of Perceived
Exertion scale [31]. Participants were encouraged to accumulate aerobic exercise in bouts of
>10 consecutive minutes [32]. Participants were also encouraged to perform strengthening
exercises for at least 30 minutes per day at least 2 days per week. Prescribed strengthening
exercises engaged most major muscle groups, including the proximal upper arms, shoulders,
abdominals, back extensors, hips, and legs. Participants received graded resistance tube

sets to perform all prescribed strengthening exercises; however, those who preferred to use
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other strengthening equipment (e.g., dumbbells, weight machines) were encouraged to do
so. Participants were encouraged to maintain moderate exercise intensity while performing
strengthening exercises and to perform 3 sets of 8-12 repetitions for each of 8 exercises
targeting a variety of muscle groups for each strengthening session.

The exercise program duration was defined as the number of weeks (rounded to the

nearest whole number) between the enroliment date and the date a final decision was

made regarding surgery. Durations of each individual preoperative treatment modality were
calculated as the number of full weeks between the day on which the specific treatment plan
was finalized and the day on which the final treatment was received, or the day on which the
treatment plan changed.

Subijective physical activity and exercise

Participants completed the International Physical Activity Questionnaire Short Form (IPAQ-
SF) twice, to quantify total physical activity in the week prior to starting the exercise
program and the final exercise program week. The IPAQ-SF has acceptable validity and
reliability compared to other self-reported physical activity measures [33]. Per standard
protocol, total energy expenditure from physical activity was estimated by multiplying
average duration, weekly frequency, and metabolic equivalent task (MET) intensity for each
activity domain (vigorous physical activity, moderate physical activity, and walking) and
creating a sum across domains [33]. This data processing protocol produced estimates of
total MET-minutes of physical activity per week.

Participants were instructed to record total minutes of moderate-intensity aerobic exercise
and strengthening exercise in exercise logs each night at bedtime, either on paper or via
automated email survey invitations sent through the Research Electronic Data Capture
(REDCap) system (Vanderbilt University, 2015). Weekly total minutes were computed for
aerobic and strengthening exercise for each 7-day period. Exercise duration was recorded as
0 minutes for blank fields and for days with incomplete logs. Average weekly aerobic,
strengthening, and combined exercise minutes were then computed across each phase

of therapy and across all exercise program weeks. Average weekly minutes of aerobic,
strengthening, and combined exercise were compared to program recommendations to
assess overall exercise adherence. Participants who did not complete any exercise logs were
excluded from related analyses.

Objective physical activity

Physical activity was measured objectively using accelerometers (ActiGraph GT3X+,
ActiGraph, LLC, 2011), which participants were instructed to wear over their right hip
during all waking hours for 2 consecutive weeks at the approximate midpoint of each phase
of therapy. For example, a patient who received chemotherapy followed by chemoradiation
therapy and a treatment break prior to being considered for surgery participated in three
unique 14-day accelerometer wear protocols. Two-week accelerometer wear protocols

were selected to capture the potentially cyclical nature of fatigue and side effects from
chemotherapy regimens, which are typically administered in cycles of 7-14 days [34]. Wear
time was recorded in daily accelerometer logs.
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Accelerometers recorded data at 60 Hz, with counts processed to measure physical activity
in 1-minute epochs [35]. A minimum of 10 hours of daily wear time on a minimum of

7 days were required to compute physical activity for each wear period. Non-wear time,
defined by at least 60 consecutive minutes of zero counts with allowance for up to 2
minutes with counts between 0-100 [36], was eliminated from accelerometer analyses. Raw
accelerometer counts were processed according to standard cut points for adults to provide
weekly estimates of light physical activity (LPA) and moderate-to-vigorous physical activity
(MVPA) for each wear period [37]. MVPA accumulated in bouts of = 10 consecutive
minutes was also computed for each wear period [32]. Accelerometer physical activity was
compiled by treatment phase and also averaged across all program weeks for each patient.
Accelerometer data were processed using ActiLife Software, Version 6 (ActiGraph, LLC,
2016).

Statistical analyses

Descriptive statistics (frequencies and percentages or means and standard deviations) were
used to quantify participants’ sociodemographic, disease, and treatment characteristics

and to quantify self-reported exercise and accelerometer physical activity across and

within treatment phases. Due to the positively skewed distributions of self-reported energy
expenditure from physical activity, Wilcoxon signed rank tests were used to compare
changes in MET-minutes from baseline to preoperative restaging (paired observations) [38].

Additional nonparametric tests were used to examine differences in exercise and physical
activity variables between men and women, between patients who underwent surgery

and patients who did not undergo surgery, and between patients who reported significant
weight loss at either time point and patients who did not. Spearman rank correlations were
used to examine bivariate associations between age and BMI and exercise and physical
activity variables. Nonparametric tests were used to determine whether mean change in
self-reported physical activity (IPAQ-short form), self-reported exercise, or accelerometer
physical activity differed among patients with various neoadjuvant treatment sequences. All
aforementioned analyses were performed using SPSS Statistics Version 24 (IBM Corp.,
2016).

Two-level, linear mixed models were used to compare self-reported exercise (weekly
minutes of aerobic, strengthening, and combined exercise) and accelerometer physical
activity (weekly minutes of LPA and MVPA) among the three neoadjuvant treatment phases.
The first set of models included only treatment phase as a fixed effect and study ID as a
random effect, and the second set of models included sex, age, surgery (yes/no), BMI, and
treatment phase duration as covariates, based on evidence from bivariate analyses. Restricted
maximum likelihood estimation with the Kenward-Roger approximation was used to adjust
for small-sample bias and to account for differences in the numbers of participants with
exercise and physical activity data within each treatment phase. Marginal means estimations
created means adjusted for sample size imbalance between phases and for sex, age, surgery
(yes/no), and treatment phase duration. Linear mixed models were performed using SAS
Version 9.4 (SAS Institute, 2013).
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RESULTS

Participants

Figure 2 illustrates the flow of participants through the study. Among the 56 patients who
were offered potential enroliment, 3 (5.3%) declined to participate. Of the 53 patients
screened for eligibility, 1 (1.9%) was ineligible for enrollment based on responses to

the PAR-Q, and 2 (3.8%) were disqualified immediately following enrollment because of
an early changes to therapeutic plans. The intervention sample included the remaining

50 participants. The Participants” demographic and clinical characteristics and baseline
physical activity are reported in Table 1. Participants were, on average, 66 years old, nearly
half of participants were female, and 64% were overweight or obese at baseline. Sixty
percent of patients had potentially resectable tumors, and 40% had borderline resectable
tumors. The majority of patients had performance status of 0 or 1 and mild or moderate
comorbidity scores. The majority of patients reported significant weight loss in the previous
3 months. Half of participants underwent chemotherapy concurrent with exercise program
participation, while the majority underwent chemoradiation and a “rest period” (off therapy)
during participation. Participants were enrolled in the exercise program for a mean of 16
weeks.

Self-reported and objective measures of physical activity

Participants’ weekly energy expenditure, self-reported using IPAQ-SF, was 1502.9 + 1986.6
MET-minutes prior to enrollment and 2218.7 + 2145.9 MET-minutes upon completion of the
program (p=.08) (Table 1).

Forty-two (84%) participants submitted exercise logs for an average of 66 + 39% of program
days. There were no differences in daily exercise log completion by sex, age, baseline

BMI, or treatment sequence, and there were no associations between log completion and
accelerometer PA (all p>.05). Table 2 shows self-reported weekly volumes of aerobic and
strengthening exercise. Protocol recommendations for aerobic and strengthening exercise in
an average week were met by 34 (81%) and 9 (21%) of participants who submitted exercise
logs, respectively (Table 2). Table 2 also reports weekly LPA and MVPA, measured by
accelerometer and compiled across all treatment phases.

Over the entire course of the exercise period, men performed significantly more MVPA

than women (197.1+162.6 minutes/week vs. 123.7+123.8 minutes/week, p<.05). There were
significant positive correlations between baseline age and average weekly strengthening
exercise (B=.39, p=.01) and a significant negative correlation between baseline BMI and
average weekly MVPA in bouts of at least 10 minutes (8=-.31, p=.04). There were no
significant differences in self-reported exercise or accelerometer PA between patients whose
tumors were potentially resectable or borderline resectable at baseline or between patients
who did and did not undergo surgery following treatment and exercise program participation
(all p>.05). There were no differences in change in self-reported MET-minutes across
treatment sequences (£>.05).

Figure 3 illustrates average self-reported weekly minutes of aerobic and strengthening
exercise and average weekly MVPA during each preoperative phase. No significant
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associations were observed between phase and weekly exercise or physical activity in either
unadjusted or adjusted models (all p>.05).

DISCUSSION

In this study, we sought to evaluate the extent to which patients with pancreatic

cancer engage in physical activity prescribed during preoperative chemotherapy and/or
chemoradiation therapy. We identified considerable variance in participants’ weekly self-
reported exercise and objectively measured MPVA. However, weekly MPVA was consistent
with exercise recommendations for healthy adults and cancer survivors. Exercise and
physical activity volumes were similar during the administration of chemotherapy and
chemoradiation therapy and during a treatment break within which no additional cancer
treatment was administered. These findings suggest that the exercise recommendations for
healthy adults and cancer survivors are realistic targets for patients receiving preoperative
chemotherapy and chemoradiation prior to pancreatic cancer surgery, but that further efforts
are needed to improve compliance and to reduce barriers to participation.

ACS and ACSM guidelines recommend that all people with cancer, like healthy adults,
participate in physical activity. Guidelines advocate an overall volume of 150 minutes of
moderate-intensity exercise or 75 minutes of vigorous-intensity exercise, or an equivalent
combination, along with at least two strengthening sessions for major muscle groups each
week [1,2]. They also note that exercise prescriptions should be adapted on the basis of

each cancer survivor’s health status, anticipated disease trajectory, and treatment course. We
attenuated the exercise prescription in the intervention described herein as we anticipated
that the generally elderly and infirm population with pancreatic cancer would find it difficult
to achieve the volume of activity achieved by healthy adults, particularly concurrent with
the administration of toxic therapies. Nevertheless, participants’ mean volumes of aerobic
exercise and MPVA were actually far closer to the general physical activity recommendation
than to the intentionally attenuated program recommendation. On the other hand, few
participants consistently met the weekly strengthening recommendation. Because resistance
exercise may increase both lean body mass and strength [21], future studies must consider
and address possible explanations for this discordance.

It is difficult to draw comparisons regarding adherence with similar studies conducted

in the oncology setting, because prior studies evaluating activity prescribed concurrently
with preoperative treatment are limited. We recently demonstrated feasibility of home-
based exercise in a separate group of 15 patients undergoing preoperative treatment of
pancreatic cancer, with participants, on average, exceeding the weekly aerobic exercise
prescription based on self-reported data from daily logs [23]. A recent systematic review
of preoperative exercise in people with cancer undergoing preoperative therapy evaluated
only four studies, the largest of which reported 35 participants, and three of which included
only participants with breast cancer [22]. However, notwithstanding differences between
the exercise volumes prescribed in these studies, it is notable that the proportion of
participants who met the prescribed weekly recommendation for aerobic exercise (81%)
in the intervention described here was comparable to those reported by that systematic
review (66 — 96%). It was also similar to the adherence of participants who participated
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in an exercise program prior to colorectal cancer surgery (78%) [39], even though the
exercise program reported here was longer (16 weeks vs. 4 weeks) and was administered
during active treatment with chemotherapy and/or chemoradiation, while participants in

the colorectal cancer study did not receive therapy concurrent with exercise. Although
preoperative exercise has been shown to improve clinical outcomes in several cancer
contexts [17-20], the extent to which these improvements occur among patients receiving
preoperative treatment concurrent with exercise prescription is not yet clear. Previous
studies involving individuals undergoing preoperative cancer treatment have shown that
exercise improves physical fitness [22], but have not yet shown improvements in other
important clinical outcomes (e.g., tolerance and completion of therapy, reducing surgical
complications, and accelerating postoperative recovery). We aim to elucidate the efficacy of
exercise prescription concurrent with preoperative pancreatic cancer treatment in a currently-
accruing clinical trial (ClinicalTrials.gov Identifier: NCT03187951) [24].

We hypothesized that despite a consistent exercise prescription, participants’ activity would
vary depending upon the treatment they were simultaneously receiving, owing to differences
in side effects, treatment schedules, and other exercise barriers. For example, systemic
chemotherapy is more commonly associated with fatigue than chemoradiation therapy, and
fatigue might be expected to reduce exercise motivation and ability. On the other hand,
cycles of systemic chemotherapy for pancreatic cancer are typically administered over 1-3
days every 1-2 weeks, a schedule that may provide patients with ample opportunity for
recovery between cycles, permitting them to compensate by exercising more when the
cycle’s worst side effects have passed. Chemoradiation therapy, in contrast, is generally
well tolerated but is associated with a more intensive treatment schedule, as fractions

are typically delivered 5 days per week. Although we detected no difference between
activity achieved during each of these treatment phases and a break period during which

no active therapies were administered, high inter-individual variability across exercise and
physical activity measures observed may represent sequelae of these differences, including
participant-to-participant differences in treatment toxicities.

In unadjusted bivariate analyses, we observed significant differences in physical activity by
sex, with men performing significantly higher MVPA than women, which is consistent with
findings from previous research in cancer survivorship [40]. We also observed a significant
negative correlation between BMI and physical activity, which is consistent with findings
from previous research in older adults [41]. Although these demographic and anthropometric
variables contributed to the high degree of variability observed in exercise and physical
activity in each treatment phase, there were no significant differences between phases after
adjusting for these variables. We are currently evaluating other intra- and interpersonal
factors that may influence physical activity adoption and maintenance, including motivation,
self-efficacy, and social and environmental supports and barriers [24].

Finally, although we did not detect any significant differences between preoperative phases
in MVPA that occurred in bouts, it is important to note that participants accumulated a mean
of only 55 minutes of MVPA weekly in bouts lasting at least 10 minutes. Several points

are worthy of emphasis in this regard. First, the pattern of MVVPA accumulation observed
among participants in this study may be another reflection of significant barriers faced by

Support Care Cancer. Author manuscript; available in PMC 2021 August 26.


http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT03187951

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Parker et al.

Page 10

older adults undergoing cancer therapy. Nonetheless, the importance of MVPA in continuous
bouts compared to simply accumulating MVPA is unclear [42], and future studies employing
continuous monitoring strategies among cancer survivors should examine differences in
health-related outcomes across different patterns of physical activity accumulation. Second,
we processed accelerometer data with commonly used cut points that were generated from
data from the general adult population [37]. Other accelerometer cut points for older adults
apply a more liberal definition of LPA and MVPA, but these have not been used as widely
[43]. For this reason, both total and MVPA in bouts may be underreported in this study

in relation to actual energy expenditure. Future studies should examine energy expenditure
during physical activity among participants undergoing cancer therapy and identify ideal cut
points.

This study has several important strengths. First, we utilized both self-reported and objective
measures to examine exercise and physical activity during different preoperative treatment
phases. Tools measuring self-reported exercise have demonstrated modest validity and
reliability, but they are subject recall issues and reporting and favorability biases [44].
Physical activity measurement with accelerometers is important to corroborate and validate
self-reported data. Second, this simple, home-based exercise program administered to
patients with pancreatic cancer should be generalizable to various contexts in cancer
survivorship. Patients with pancreatic cancer tend to be elderly and may experience

both debilitating disease symptoms and treatment side effects; their ability to perform
considerable volumes of exercise during treatment suggests that patients in other cancer
contexts should be able to do the same. Third, our use of home-based exercise is of
particular importance as it may be a critical strategy to increase physical activity across

the wide range of cancer survivorship contexts [45].

Several limitations are also notable. The wide variability in treatment courses and durations
(reflecting the true nature of cancer care) created statistical limitations that future studies
should attempt to control using stratification or matching suitable controls. The rate at which
daily exercise logs were completed varied among participants, and this may have introduced
bias in the summation of self-reported aerobic and strengthening exercise. We addressed

this potential bias conservatively by recording exercise minutes as zero on days missing
reports and adding objective measurement of activity with accelerometers. Nonetheless,
future studies should prioritize or incentivize exercise log completion to more accurately
understand adherence. Although we could detect no significant difference between volumes
of exercise and physical activity by type of treatment, this investigation was not powered to
detect such differences between treatment phases. Future exercise programs for patients
undergoing preoperative treatment for pancreatic cancer should continue to target the

entire course of therapy, but they should also measure potential differences in adherence,
motivation, and barriers within each treatment phase. Given the lower adherence to
strengthening exercise compared to aerobic exercise components, it will be particularly
important for future exercise programs to explore barriers and motivation involving this
modality. Finally, although frequent contact between study personnel and participants likely
contributed to exercise motivation and was an intervention strength, other clinical teams may
be unable to offer the same degree of support.
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This is the first study to employ objective physical activity measurement among patients
undergoing preoperative chemotherapy and/or chemoradiation therapy for pancreatic cancer.
Future studies should randomize larger groups of patients, stratified by expected treatment
course and anticipated treatment duration, in order to assess the efficacy of preoperative
exercise for improving perioperative well-being and treatment among people with cancer.
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Fig. 1.
Exercise prescription and treatment context
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