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Abstract

Objective: To determine the effects of a preoperative, home-based exercise program on fitness 

and physical function in patients with pancreatic cancer.

Background: We previously established a well-tolerated preoperative exercise program after 

finding a high frequency of sarcopenia and frailty in patients with pancreatic cancer.

Methods: In this randomized, controlled trial (NCT03187951), patients with pancreatic cancer 

were randomized to Arm A: enhanced usual care or Arm B: prescribed aerobic and resistance 

exercise during neoadjuvant therapy. Patients received nutrition counseling and activity trackers. 

The primary endpoint was 6-minute walk distance (6MWD; ≥14 meters improvement was 

clinically meaningful). Secondary endpoints included additional physical function tests, health-

related quality of life, and clinical outcomes.

Results: 151 patients were randomized. Objectively measured weekly activity (153.2±135.6 and 

159.8±122.8 minutes in Arm A and B, respectively, P=0.62) and self-reported weekly moderate-

to-strenuous physical activity (107.4±160.4 and 129.6±161.6 minutes in Arm A and Arm B, 

respectively, P=0.49) were similar, but weekly strength training sessions increased more in Arm 

B (by 1.8±1.8 vs. 0.1±2.4 sessions, P<0.001). 6MWD improved in both Arm A (mean change 

18.6±56.8 m, P=0.01) and Arm B (27.3±68.1 m, P=0.002). Quality of life and clinical outcomes 

did not significantly differ between arms. Pooling patients in both study groups, exercise and 

physical activity were favorably associated with physical performance and clinical outcomes.

Conclusions: In this randomized trial of prescribed exercise versus enhanced usual care during 

neoadjuvant therapy for pancreatic cancer, high volume of activity and increased exercise capacity 

were observed in both arms, highlighting the importance of activity among patients preparing for 

surgery.

MINI-ABSTRACT

In this randomized trial comparing prescribed exercise with enhanced usual care during 

neoadjuvant therapy for pancreatic cancer, there was a statistically and clinically significant 

improvement in the primary endpoint of 6-minute walk distance in both arms. Among all patients, 

activity and exercise were favorably associated with physical performance and clinical outcomes.
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INTRODUCTION

Pancreatic cancer (PC) is the third leading cause of cancer-related deaths in the United 

States.1 Surgical resection of the primary tumor and regional lymph nodes is necessary 

but insufficient for cure. The longevity of patients who undergo surgery is prolonged by 

adjuvant chemotherapy,2 but systemic chemotherapy and/or (chemo)radiation is increasingly 

administered before pancreatectomy instead of after it.3, 4 National guidelines now 

recommend that neoadjuvant therapy be administered to all patients with borderline 

resectable cancer and at least some with resectable tumors.5

Patients with PC are generally older adults who frequently present with conditions such 

as cachexia, sarcopenia, and frailty, which increase risk for adverse disease and treatment 

outcomes. Among 142 patients with a variety of stages of newly diagnosed PC who 

we recently described, 56% were sarcopenic and 25% were frail. Frailty was associated 

with comorbidities and poor performance status and with poor overall survival following 

treatment with either curative or palliative intent.6 Other studies have shown that frailty is 

associated with increased risk of complications and mortality following major abdominal 

surgery.7, 8 Sarcopenia and frailty also increase chemotherapy-associated toxicity and reduce 

tolerance and adherence.9 Conversely, chemotherapy may reduce muscle mass, setting up a 

vicious cycle that can reduce both quantity and quality of life.10

In 2022, the American Cancer Society and the American Society of Clinical Oncology 

released guidelines recommending that oncology clinicians endorse regular aerobic and 

resistance exercise during treatment with curative intent.11, 12 Preliminary evidence suggests 

that exercise during cancer treatment can enhance the efficacy of cancer therapies.13 

Among patients with PC, small studies suggest that exercise concurrent with treatment can 

improve quality of life and fitness and may improve postoperative outcomes such as the 

rate of delayed gastric emptying and duration of postoperative stay.14, 15 Among patients 

treated with neoadjuvant therapy for resectable PC, we have found that physical activity is 

associated with improved submaximal exercise capacity, maintenance of quality of life and 

physical function, and preservation of skeletal muscle mass.16-18

We have long hypothesized that exercise prescribed concurrent with neoadjuvant therapy 

can mitigate functional decline and improve physical function prior to pancreatectomy. To 

test this hypothesis, we conducted a randomized study of a low-cost, low-risk, home-based 

program of aerobic and resistance exercise compared to enhanced usual care.

METHODS

We conducted this randomized, controlled trial at The University of Texas MD Anderson 

Cancer Center, a comprehensive cancer center in Houston, Texas (ClinicalTrials.gov 

NCT03187951). Study procedures were approved by the Institutional Review Board 

(protocol #2017-0198) and conducted in accord with the ethical standards of the Helsinki 

Declaration of 1975. All patients who presented with PC between October 2017 and May 

2021 were screened. Eligibility requirements included intended pancreatectomy for biopsy-

confirmed PC; a treatment plan including preoperative chemotherapy and/or radiation for 
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at least 6 weeks prior to anticipated pancreatectomy; English fluency; telephone or email 

access; and willingness to engage in follow-up calls every 2 weeks. Exclusion criteria 

included unstable cardiac or pulmonary disease, symptomatic cardiac disease (New York 

Heart Association functional class III or IV), acute musculoskeletal injury that affected 

exercise ability, poorly controlled pain (numeric rating ≥7 out of 10), or other disease that 

precluded unsupervised exercise.

Following recommendation and approval from medical or surgical oncologists, patients 

completed the Physical Activity Readiness Questionnaire19 and the Patient-Reported 

Outcomes Measurement Information System (PROMIS) Physical Function 12a Short Form 

screener (“Can you walk 25 feet on a level surface, with or without support?”).20 Self-

reported chest pain, loss of balance because of dizziness, loss of consciousness, or inability 

to walk 25 feet on a level surface were grounds for exclusion. Patients who reported 

musculoskeletal dysfunction that limited physical activity (PA) required clearance from 

a physical medicine and rehabilitation physician (ANH). Patients with poorly controlled 

hypertension required clearance by internal medicine prior to enrollment.

Stratification and Randomization

In this parallel arm study design, study participants were stratified prior to randomization 

based on their expected duration of preoperative treatment (i.e., chemotherapy versus 

chemoradiation as first treatment at enrollment) and their baseline physical activity using 

the Godin-Shephard Leisure Time Physical Activity Questionnaire (GSLTPAQ) score 

(physically active: scores ≥ 24 versus insufficiently active: scores < 24).21 Using the Pocock-

Simon minimization method, participants were randomized 1:1 to enhanced usual care (Arm 

A) versus prescribed exercise (Arm B). Study participants and research staff were unblinded 

to the study arm.

The study schema is depicted in Figure 1. All participants were encouraged to be physically 

active, and all received Fitbit Charge 2 activity trackers and instructions for setting up 

Fitbit accounts and syncing to their devices. To determine baseline nutritional status, all 

participants completed the Patient-Generated Subjective Global Assessment Short Form 

(PGSGAsf). Participants with a PGSGAsf score < 6 (low malnutrition risk) received general 

nutrition education materials from the research staff and were recommended to consume 

a high-protein snack/meal/shake (15-25 g) within 1 hour after strengthening exercises. 

Participants with a PGSGAsf score ≥ 6 (high malnutrition risk) received the same education 

materials, a complete nutritional assessment, and personalized recommendations by a 

registered clinical dietitian, including the recommendation to consume a high-protein snack/

meal/shake (15-25 g) within 1 hour after strengthening exercises.

Participants randomized to Arm A received an information packet consisting of a handout 

on the benefits of and precautions for exercise, a stretching guide to help them maintain 

flexibility during treatment, and a nutrition guide. They did not receive a specific exercise 

prescription.

Participants randomized to Arm B also received a set of resistance bands (stackable 

and color-coded with up to 75 pounds of resistance; Black Mountain Products, Spring 
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Grove, IL) and were prescribed an exercise program we previously implemented in a 

single-arm trial.16-18 The program included stretching, moderate-intensity aerobic exercise, 

and resistance exercises to based on the American College of Sports Medicine (ACSM) 

guidelines for cancer survivors. When the program was designed, these guidelines 

recommended ≥ 150 minutes of moderate-intensity aerobic exercise weekly plus ≥ two 

resistance exercise sessions weekly.22 Updated guidelines now recommend ≥ 30 minutes of 

moderate-intensity aerobic exercise ≥ three times weekly, plus ≥ two resistance exercise 

sessions weekly.23 Arm B participants received in-person instruction from an ACSM-

certified personal trainer, an instructional DVD that demonstrated set-up for all exercises, 

and written and photographic descriptions of the exercises. The participants were instructed 

to perform ≥ 30 minutes of moderate-intensity aerobic exercise (Borg Rate of Perceived 

Exertion, 12-13) ≥ 5 days per week. Additionally, they were instructed to engage in ≥ two 

resistance exercise sessions per week, which included ≥ one set of 10-15 repetitions of each 

of eight exercises designed to engage major muscle groups using body weight and resistance 

tubes. They were encouraged to gradually increase repetitions (goal 15), sets (goal 3), and 

resistance (upgraded to the next color resistance tube). The pragmatic nature of this trial 

allowed patients in both arms to participate regardless of the location of their hometown and 

neoadjuvant therapy administration.

Outcome measures

Outcome measures were obtained at the time of enrollment and at the preoperative clinic 

visit. The 6-minute walk distance (6MWD), conducted per the American Thoracic Society’s 

guidelines,24 measures submaximal exercise capacity and has been validated in patients with 

colorectal and lung cancer.25, 26 A change in 6MWD of 14 to 30 meters was considered 

clinically meaningful.27, 28 Lower limb performance was measured by the 5-time sit to 

stand test (5xSTS), wherein patients rise from sitting to standing five consecutive times.29 

The arm curl test includes performing as many bicep curls in a 30-second period (8 and 

5-pound dumbbell for men and women, respectively).30 Handgrip strength was measured via 

handheld dynamometry (Jamar hydraulic hand dynamometer).31 A 3-meter walk was used 

to measure gait speed.32

Patient-reported outcomes were evaluated using the following instruments. The validated, 

modified version of GSLTPAQ assessed duration and frequency of self-reported PA, 

allowing for computation of weekly mild, moderate, and strenuous PA minutes.33 We used 

the sum of weekly moderate and strenuous PA to determine moderate-to-strenuous PA. We 

also added a single, validated item from the Health Information National Trends Survey34 

to assess weekly frequency of strengthening exercises, as previously employed in studies 

involving cancer survivors.35 Self-reported functional status was recorded via the PROMIS 

Physical Function 12a Short Form.20 Health-related quality of life was measured using 

the Functional Assessment of Cancer Therapy—Hepatobiliary questionnaire (FACT-Hep), a 

validated, consistent, and reliable tool comprising the FACT-General (FACT-G) subscale and 

the hepatobiliary subscale.36

As previously described, muscle mass was quantified using SliceOmatic version 5.0 

software (TomoVision, Magog, Canada) to process computed tomography images of the 
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abdomen and pelvis obtained for routine clinical care.16, 17 Both skeletal muscle index 

(SMI) and skeletal muscle density were measured. Sarcopenia was defined as SMI ≤ 38.9 

cm2/m2 for women and SMI ≤ 55.4 cm2/m2 for men.37

We collected the following clinical and demographic characteristics and outcomes: age, 

sex, ethnicity, race, radiographic disease stage, Eastern Cooperative Oncology Group 

performance status, Adult Comorbidity Evaluation-27 score, follow-up duration for study 

participation, and treatment received during the study period. For participants who 

underwent surgical resection: hospital length of stay (in days), readmissions within 90 days 

following resection, and any Accordion grade 3 or higher complication within 90 days 

following resection were recorded.38

Objectively measured activity

Participants received instructions to connect their Fitbit to a study database (“Fitabase”, 

Small Step Labs, San Diego, CA) to which they synced throughout study participation. 

Participants’ Fitbit data (enrollment to preoperative follow-up) included: average daily steps; 

average weekly lightly active, fairly active, very active minutes, and sedentary minutes. 

Fairly active and very active minutes were added to compute weekly active minutes, as 

done in previous studies involving cancer survivors.39 We followed established protocols to 

include valid days of Fitbit wear (≥1000 steps/day)40 and valid weeks (≥4 valid days within 

7 consecutive days).41 Potential weeks of wear was determined as: successive 7-day periods 

starting with the first valid wear day and ending with the day on which a participant either 

withdrew or presented for follow-up data collection. If 1-3 days of Fitbit wear remained 

between the end of the final 7-day period at the date of study withdrawal or follow-up, they 

were not included in analyses.

Statistical analysis

The primary endpoint was the change in the 6MWD between enrollment and the 

preoperative follow-up within each arm as well as the difference in the preoperative 6MWD 

between Arm A and Arm B.

With a total sample size of 128 (64 per arm) and assuming the mean 6MWD changes 

would be 0-20 meters and 30-50 meters, respectively, for Arm A and Arm B, we had 80% 

power to detect a difference of a 30-m change between the two arms prior to surgery, using 

a two-sample t-test and at a two-sided significance level of 0.05. The sample size/power 

calculation assumed a common standard deviation of 60. It was anticipated that 60% of 

enrolled patients would undergo surgery following preoperative therapy and 40% would 

not (e.g., due to disease progression). It was assumed that we would have preoperative 

6MWD data in 60% of patients who did not undergo surgery. Therefore, we planned to 

enroll 152 patients to have 6MWD data collected from 128 patients at both the baseline and 

preoperative timepoints.

We used chi-square tests and independent t-tests or non-parametric alternatives to compare 

means or frequencies of all clinical, demographic, physical activity, exercise, nutrition 

and outcome variables between study groups. We used paired t-tests or non-parametric 

alternatives to assess changes in outcome variables within groups and independent t-tests 
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or non-parametric alternatives to compare differences in change scores between groups. 

Finally, we pooled participants from both groups and used multiple linear regression models 

to determine associations between exercise and physical activity variables and changes in 

outcome measures. The baseline value or score for the outcome variable of interest was 

included as a covariate in each regression model. Logistic regression models were used 

to evaluate associations between exercise and physical activity variables and likelihood 

of surgical resection and, among the subsample of participants who underwent resection, 

dichotomous outcomes including readmission and occurrence of grade 3 complications. All 

statistical analyses were performed in SPSS version 26 (IBM Corp., Armonk, NY).

RESULTS

As presented in Figure 2, among 169 patients screened for eligibility, 152 patients were 

enrolled. 76 patients were randomized to arm A and 76 to arm B. However, one patient on 

Arm B was deemed ineligible shortly after enrollment because their treatment plan changed 

to surgery de novo due to gastric outlet obstruction. Table 1 describes baseline demographic, 

clinical, and PA behavioral characteristics of the 151 participants who comprised the final 

study sample.

The mean (± SD) duration of the intervention was 22 ± 10.3 weeks for Arm A and 24 ± 12.2 

weeks for Arm B (p = 0.39). On Arm A, 41 (54%) participants received chemotherapy only, 

3 (4%) received chemoradiation only, and 32 (42%) received both. On Arm B, 39 (52%) 

received chemotherapy, 3 (4%) received chemoradiation, and 33 (44%) received both (P = 

0.9). Supplementary Table 1 describes the baseline demographic, clinical, and PA behavioral 

characteristics among the 125 participants who completed the preoperative 6MWD and were 

included in the primary endpoint analysis.

Table 2 compares self-reported exercise and objectively measured PA between time points 

and between study arms for all participants with data available. Self-reported exercise 

variables did not significantly increase over the study period within either arm except for 

mean frequency of strength training in Arm B (0 .4 ± 1.0 sessions/week at baseline vs. 2.2 

± 1.8 sessions/week preoperatively, P < 0.001). The increase in strength training frequency 

was significantly higher in Arm B compared to Arm A (mean increase of 1.8 ± 1.8 sessions/

week vs. 0.1 ± 2.4 sessions/week, P < 0.001). Objectively measured PA variables did not 

significantly differ between arms.

Changes in primary and secondary outcome measures within study groups and differences 

between arms are reported in Tables 3 and 4. Participants in both arms had a statistically and 

clinically significant improvement in 6MWD (18.5 ± 56.7 meters vs. 27.3 ± 68.1 meters, P 
< 0.01). Participants in Arm B had a statistically significant improvement in 5xSTS time (P 
< 0.001) and 3-meter walk for gait speed (P = 0.04). Both arms had statistically significant 

improvement in arm curl repetitions (P = 0.002 for Arm A and P < 0.001 for Arm B). There 

were no statistically significant changes in self-reported physical functioning, health-related 

quality of life, or skeletal muscle index or density in either arm. None of the changes in 

outcome measures were significantly different between arms (all P > 0.05).
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Overall, participants’ mean nutritional risk score improved following neoadjuvant therapy 

from 6.9 ± 5.3 to 3.5 ± 4.1 (n = 99, P < 0.001). The improvement in nutritional risk score 

of participants at high malnutrition risk at baseline (n = 53, mean change −6.8 ± 6.3) was 

greater than that of participants at low malnutrition risk at baseline (n = 46, mean change 0.5 

± 3.8, P < 0.001).

Following neoadjuvant therapy, 37 (49%) patients on Arm A and 42 (56%) patients on Arm 

B underwent pancreatectomy (P = 0.4). There were no differences between arms in mean 

length of stay (5.7 vs. 6.0 days, P = 0.6), readmission (27% vs. 29%, P = 0.5), or grade 3 

postoperative adverse events (16% vs. 14%, P = 0.5).

Associations between activity variables and changes in outcome measures for all study 

participants (with both study groups pooled) are reported in Table 5. Self-reported 

moderate-to-strenuous exercise was favorably associated with changes in 6MWD, handgrip 

strength, arm curl repetitions, self-reported physical functioning, and skeletal muscle index 

after adjustment for baseline values of the outcome measures. Self-reported moderate-to-

strenuous exercise was also associated with higher likelihood of surgical resection and, 

among the subsample of participants who underwent surgical resection, lower likelihood of 

readmission. Weekly objectively measured activity was favorably associated with changes in 

handgrip strength, self-reported physical functioning, and skeletal muscle index. Daily steps 

were favorably associated with changes in 6MWD, 5xSTS, handgrip strength, gait speed, 

and self-reported physical functioning.

DISCUSSION

In this pragmatic randomized clinical trial comparing prescribed exercise with enhanced 

usual care during neoadjuvant therapy for PC, there was a statistically and clinically 

significant improvement in the primary endpoint, 6-minute walk distance, in both arms. In 

a pooled analysis of all accrued participants, activity and exercise were favorably associated 

with multiple measures of physical performance as well as with receipt of pancreatectomy 

and likelihood of postoperative readmission.

Activity and exercise are increasingly recognized as critical to the health and well-being 

of people with cancer. Guidelines for cancer survivors published in 2019 recommend 

moderate-intensity aerobic training at least three times per week, for at least 30 minutes, 

with resistance training at least two times per week.23 Although these guidelines are meant 

to reduce anxiety, depression, and fatigue and improve quality of life and perceived physical 

function of people with cancer, adherence without intervention is woefully uncommon. 

For example, we found that only 24% of survivors who had previously undergone 

pancreatectomy for pancreatic or periampullary cancer were adherent to both of these 

aerobic or strengthening exercise guidelines, and 39% did not meet either of them.35 

Despite active concurrent treatment for PC and high rates of pre-existing comorbidity and 

sarcopenia, the participants in this study maintained average weekly minutes of activity 

that exceeded those recommended in these guidelines. Furthermore, participants in Arm 

B performed resistance exercises at an average number of sessions greater than that 

recommended in these guidelines.
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The data from our study suggest the clinical potential of a simple, home-based, low-cost 

exercise prescription in the preoperative setting. However, two important caveats exist 

with regard to this conclusion. First, the inaccuracy of self-reported measures of exercise 

notwithstanding,42 levels of self-reported aerobic exercise did not increase between baseline 

and follow-up within either arm. While activity trackers measured average levels of activity 

that were remarkable, the extent to which this activity actually reflects exercise prescribed 

in the program is therefore unclear. Second, there was substantial variability between 

participants’ self-reported exercise and objectively measured PA. We previously investigated 

interpersonal and environmental factors that might contribute to such variability and found 

that encouragement and support from family and friends was a key influence; barriers 

included treatment, weather, time, and resources.43 It may be that simple motivation from 

the healthcare team, combined with concerted efforts to reduce barriers—as opposed to a 

well-defined exercise prescription—may be all that is needed to drive outcome-changing 

behavior in this setting.

Indeed, participants in both arms of this study had statistically and clinically significant 

improvement in functional status, measured by 6-minute walk distance, as well as 

improvement in functional measures of upper- and lower-body muscle group function. 

And, a pooled analysis of all participants identified associations between activity and key 

physical and clinical outcomes including pancreatectomy and readmission. Physical function 

tests have been demonstrated to be prognostic among patients with cancer.32 Other studies 

have suggested that exercise can improve aerobic fitness and functional capacity44 and 

reduce length of stay45 and perioperative complications44, 46 among patients anticipated to 

undergo surgery for gastrointestinal cancers. Preoperative exercise should thus be viewed as 

a central component of enhanced recovery after major abdominal surgery protocols. We have 

incorporated preoperative exercise as a fundamental component of perioperative treatment 

pathways for all patients with PC.47

We also emphasize attention to preoperative nutrition, particularly for patients who present 

with malnutrition or who are at high risk for it. In this study, participants in both study arms 

at high risk for malnutrition received a complete nutritional assessment and personalized 

recommendations by a registered clinical dietician, with favorable results.

Strong influence exists from national organizations to incorporate exercise assessment and 

prescription into standard care for patients during and after cancer treatment.11, 12, 23 Our 

group has no equipoise regarding the favorable, yet largely unproven, effects of exercise 

in the preoperative setting. We therefore could not ethically randomize patients to a “no 

exercise” arm. The improvement in submaximal exercise capacity observed in both study 

arms may therefore be attributed to the fact that both arms received extrinsic motivation 

from the healthcare team to exercise, as well as activity monitors, which are known 

to provide motivation for PA.48 Nonetheless, as activity self-monitoring becomes more 

commonplace with commercially available trackers and smartphones, this “enhanced usual 

care” condition may actually represent a real-world control condition.

Other limitations of this study exist. For example, although the comprehensive exercise 

prescribed to participants in Arm B was developed by a physical medicine and rehabilitation 
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physician and a doctorate researcher in kinesiology in alignment with national guidelines, 

it is certainly possible that it was suboptimally effective. We could have encouraged longer, 

continuous bouts of exercise, for example, or increased the monitoring of resistance training. 

Further, prior data suggest that adherence and results may be maximized using a supervised 

program, although a home-based program is easier to implement in our quaternary care 

center.23 Finally, as we clearly documented, some data for outcome measures are missing 

because patients did not return for in-person clinic follow-ups during the COVID-19 

pandemic, pursued treatment elsewhere, or developed disease progression and opted to 

terminate follow-up. However, this was not a significant concern for the primary endpoint.

The strengths of this study must also be acknowledged. To our knowledge, this is the most 

robust randomized study of the effects of exercise concurrent with preoperative therapy 

specifically for PC. Patients with PC are a unique population who are commonly frail and 

sarcopenic.6 Exercise is hypothesized as critical for patients undergoing symptomatically 

taxing neoadjuvant chemotherapy and/or (chemo)radiation and is a necessary intervention 

to support rapid recovery after pancreatectomy. However, few trials have studied exercise 

in this setting. We also obtained blood and tissue samples from participants, which will 

be evaluated for the effects of preoperative exercise on tumor vasculature and immune cell 

function, as an extension of our previous analyses.49, 50

In conclusion, in this randomized trial comparing prescribed exercise with enhanced usual 

care during neoadjuvant therapy for pancreatic cancer, there was significant improvement 

in submaximal exercise capacity in both arms. Physical activity and exercise were 

favorably associated with improved fitness, physical function, and clinical outcomes, 

highlighting the importance of encouraging physical activity among all patients preparing 

for pancreatectomy.

Supplementary Material
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Figure 1. 
Study schema including the preoperative period of the intervention.
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Figure 2. 
CONSORT diagram describing the trial recruitment. †Some had valid activity tracker data; 

included in related analysis (n = 9). ††Some missing valid activity tracker data; excluded 

from related analysis (n = 12). *Some had valid activity tracker data; included in related 

analysis (n = 7). **Some missing valid activity tracker data; excluded from related analysis 

(n = 16). Abbreviations: Prehab, prehabilitation; 6MWD, 6-minute walk distance.
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Table 1.

Baseline demographic, clinical, and behavioral characteristics of the study sample (n=151).

Characteristic Arm A
(n=76)

Arm B
(n=75)

Mean age at enrollment, years ± SD 66.2 ± 8.2 66.1 ± 8.5

Sex, n (%)

Female 33 (43) 26 (35)

Male 43 (57) 49 (65)

Ethnicity, n (%)

Hispanic or Latino 11 (15) 6 (8)

Non-Hispanic or Latino 65 (85) 69 (92)

Race, n (%)

American Indian or Alaska Native 0 (0) 1 (1)

Asian 2 (3) 2 (3)

Black or African American 8 (10) 6 (8)

White 61 (80) 65 (87)

Other 5 (7) 0 (0)

Unknown 0 (0) 1 (1)

Radiographic disease stage, n (%)

Potentially resectable 40 (53) 46 (61)

Borderline resectable 29 (38) 21 (28)

Locally advanced 7 (9) 8 (11)

Performance status, n (%)

0 32 (42) 36 (48)

1 44 (58) 38 (51)

2 0 (0) 1 (1)

Comorbidity score, n (%)

None 13 (17) 12 (16)

Mild 34 (45) 29 (39)

Moderate 18 (24) 22 (29)

Severe 11 (15) 12 (16)

Body mass index (BMI), kg/m2, mean ± SD 28.5 ± 6.0 27.8 ± 5.1

Sarcopenia, n (%) 38 (54) 33 (47)

Nutritional risk score, mean ± SD 7.0 ± 5.1 7.2 ± 5.2

Nutritional risk score ≥ 6, n (%) 43 (57) 43 (57)

Godin leisure-time exercise score, mean ± SD 23.9 ± 21.1 22.1 ± 18.9

Self-reported moderate-to-strenuous physical activity, weekly minutes, mean ± SD 127.4 ± 218.8 132.1 ± 166.2

Self-reported strength training at enrollment, weekly sessions, mean ± SD 1.2 ± 2.0 .6 ± 1.3
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Table 2.

Self-reported and objectively measured activity during neoadjuvant therapy.

Arm A Arm B P-value
for
difference
between
Arms A
and B**

Self-reported exercise (modified Godin questionnaire) †

n 51 50

Mild-intensity exercise, mean weekly minutes ± SD

Baseline 297.3 ± 699.5 135.0 ± 220.5 0.99

Follow-up 131.1 ± 212.3 155.6 ± 180.6 0.06

Δ within group −166.2 ± 727.8 20.6 ± 234.6 0.09

P-value for Δ within group* 0.65 0.23

Moderate-intensity exercise, mean weekly minutes ± SD

Baseline 80.3 ± 112.9 126.2 ± 162.6 0.31

Follow-up 89.4 ± 124.6 115.7 ± 150.8 0.22

Δ within group 9.1 ± 147.8 −10.5 ± 168.2 0.53

P-value for Δ within group* 0.98 0.95

Strenuous-intensity exercise, mean weekly minutes ± SD

Baseline 33.2 ± 82.0 26.4 ± 60.4 0.75

Follow-up 17.9 ± 53.9 13.9 ± 27.9 0.40

Δ within group −15.3 ± 86.6 −12.5 ± 54.2 0.85

P-value for Δ within group* 0.13 0.21

Moderate-to-strenuous exercise, mean weekly minutes ± SD

Baseline 113.5 ± 141.3 152.6 ± 181.7 0.23

Follow-up 107.4 ± 160.4 129.6 ± 161.6 0.49

Δ within group −6.2 ± 172.2 −23.0 ± 172.0 0.62

P-value for Δ within group* 0.29 0.49

Strength training, mean weekly sessions ± SD

Baseline 1.4 ± 2.1 0.4 ± 1.0 0.003

Follow-up 1.5 ± 1.9 2.2 ± 1.8 0.06

Δ within group 0.1 ± 2.4 1.8 ± 1.8 <0.001

P-value for Δ within group* 0.75 <0.001

Activity tracker-measured physical activity during the preoperative period

n 58 54

Valid wear day percentage, mean ± SD 88.7 ± 13.0 86.1 ± 18.4 0.82

Valid wear week percentage, mean ± SD 90.8 ± 17.0 89.2 ± 19.2 0.95

Daily steps, mean ± SD 5349.4 ± 2226.5 5586.7 ± 2164.4 0.58

Weekly sedentary minutes, mean ± SD 6362.4 ± 1621.8 6427.3 ± 1191.6 0.86

Weekly light activity minutes, mean ± SD 1025.8 ± 448.5 920.4 ± 405.5 0.21
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Arm A Arm B P-value
for
difference
between
Arms A
and B**

Weekly fairly active minutes, mean ± SD 75.3 ± 66.6 75.3 ± 65.9 0.87

Weekly very active minutes, mean ± SD 77.9 ± 85.4 84.5 ± 77.7 0.47

Weekly active minutes, mean ± SD 153.2 ± 135.6 159.8 ± 122.8 0.62

*
Wilcoxon signed rank test used due to non-normal variable distribution.

**
Wilcoxon signed rank test used for baseline and follow-up comparisons and activity-tracker variables due to non-normal variable distribution; 

independent t-test used for change score comparisons.

†
Follow-up time point assessed self-reported exercise throughout the study period.
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Table 3.

Changes in physical function outcomes within arms and between arms.

Outcome Arm A Arm B P-value for
difference between
Arm A and Arm B

6-minute walk distance (m), mean ± SD

n 61 64

Baseline 466.5 ± 102.0 478.1 ± 92.7 0.50

Follow-up 484.9 ± 109.6 505.4 ± 113.5 0.31

Δ within group 18.5 ± 56.7 27.3 ± 68.1 0.44

P-value for Δ within group 0.01 0.002

5x sit-to-stand time (s), mean ± SD

n 58 61

Baseline 11.9 ± 3.9 11.2 ± 3.4 0.32

Follow-up 11.0 ± 5.3 9.7 ± 3.4 0.12

Δ within group −0.9 ± 3.3 −1.5 ± 2.2 0.24

P-value for Δ within group 0.05 <0.001

Handgrip strength (kg), mean ± SD

n 61 64

Baseline 32.3 ± 11.0 33.0 ± 11.3 0.72

Follow-up 32.0 ± 10.6 32.9 ± 11.5 0.64

Δ within group −0.3 ± 5.2 −0.1 ± 4.4 0.80

P-value for Δ within group 0.64 0.86

Arm curl test repetitions, mean ± SD

n 60 62

Baseline 20.1 ± 5.2 18.6 ± 4.9 0.11

Follow-up 21.6 ± 6.2 21.4 ± 6.4 0.85

Δ within group 1.5 ± 3.6 2.8 ± 3.8 0.06

P-value for Δ within group 0.002 <0.001

3-meter walk test time (s), mean ± SD

n 59 63

Baseline 2.8 ± .7 2.7 ± .6 0.74

Follow up 2.7 ± .8 2.6 ± .5 0.55

Δ within group −0.1 ± .7 −0.1 ± .5 0.76

P-value for Δ within group 0.20 0.04
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Table 4.

Changes in patient-reported outcomes and body composition within arms and between arms.

Outcome Arm A Arm B P-value for
difference between
Arm A and Arm B

Physical functioning (PROMIS score), mean ± SD

n 44 45

Baseline 47.6 ± 6.4 47.0 ± 6.1 0.67

Follow-up 47.2 ± 6.1 46.9 ± 7.7 0.84

Δ within group −0.4 ± 4.6 −0.1 ± 5.3 0.79

P-value for Δ within group 0.56 0.87

Health-related quality of life (FACT-Hep score), mean ± SD

n 45 46

Baseline 139.6 ± 20.7 140.3 ± 20.5 0.86

Follow-up 141.6 ± 23.7 141.1 ± 23.7 0.93

Δ within group 2.0 ± 16.3 0.8 ± 19.6 0.75

P-value for Δ within group 0.41 0.78

Skeletal muscle index (cm2/m2), mean ± SD

Females

n 26 22

Baseline 41.1 ± 7.8 41.1 ± 5.1 0.99

Follow-up 41.0 ± 6.9 40.4 ± 6.5 0.76

Δ within group −0.04 ± 3.3 −.6 ± 4.7 0.61

P-value for Δ within group 0.95 0.09

Males

n 30 38

Baseline 55.0 ± 10.3 50.8 ± 7.8 0.06

Follow-up 54.3 ± 8.6 49.5 ± 6.6 0.01

Δ within group −0.7 ± 5.9 −1.3 ± 4.6 0.62

P-value for Δ within group 0.53 0.54

Skeletal muscle density (HU), mean ± SD

n 56 60

Baseline 38.0 ± 11.0 37.3 ± 7.7 0.71

Follow-up 38.4 ± 11.0 38.4 ± 8.8 0.99

Δ within group 0.5 ± 7.3 1.1 ± 7.2 0.63

P-value for Δ within group 0.64 0.24
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