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Background: Cancer-related cognitive decline (CRCD) is one of the most reported and debilitating symptoms associated with breast cancer treatment with no currently accepted treatment. Physical activity has emerged as a promising solution for maintaining cognitive health after cancer, with research suggesting that earlier intervention may be important for preventing or mitigating CRCD. There is a clear need to pilot the feasibility and efficacy of pragmatic physical activity interventions to promote cognitive health during active breast cancer treatment. The purpose of this study is to pilot test a home-based prehabilitation physical activity intervention aimed at preventing cognitive decline during chemotherapy, as well as assess the feasibility, acceptability and appropriateness of the intervention among patients.

Methods: This study is a two-arm, pilot randomized controlled trial in 40 adult patients newly diagnosed with breast cancer stages I-III who are scheduled to receive curative intent neo-adjuvant chemotherapy. Participants will be randomized 1:1 to a usual care waitlist control group or a home-based prehabilitation physical activity intervention delivered by a licensed physical therapist. The exercise group will receive an individualized, tapered exercise program comprised of home exercise sessions and virtual coaching calls. Both groups will receive activity monitors and be encouraged to maintain a healthy lifestyle during treatment. Participant adherence and adverse events will be assessed throughout the study.

Results: This research was supported by the Alvin J. Siteman Cancer Center through The Foundation for Barnes-Jewish Hospital (award No. 6257). The protocol was approved by Washington University's Protocol Review and Monitoring Committee and Institutional Review Board. Enrollment began in May 2023 and is anticipated to continue through July 2024.

Conclusions: This study will provide the necessary preliminary data to support larger trials investigating if and how physical activity can be incorporated into early rehabilitation strategies to prevent chemotherapy-related sequelae.

Trial registration: ClinicalTrials.gov, NCT05716542.

KEYWORDS
exercise, prehabilitation, breast cancer, telehealth, cancer-associated cognitive decline, protocol


1 Introduction

More than 3.8 million women currently live with a history of breast cancer in the United States (DeSantis et al., 2019), and up to 75% of them report some degree of cognitive deficit during active treatment (Zimmer et al., 2016). Colloquially known as “chemo-brain,” cancer-related cognitive decline (CRCD) is defined as the loss of mental acuity associated with cancer and its subsequent treatment (Raffa, 2010). CRCD can present as impaired verbal and visual memory, attention, concentration, language, motor skills, multitasking, processing speed, and the ability to organize information (Raffa, 2010). CRCD is also pervasive, with approximately one third of breast cancer patients reporting lingering CRCD symptoms over a decade after treatment completion (Janelsins et al., 2014; Zimmer et al., 2016). Despite the importance of cognition for quality of life and cancer survival, there is little empirical evidence for effective CRCD treatments.

Maintaining sufficient levels of exercise is important to both prevent cancer and improve health post-diagnosis (Campbell et al., 2019; Patel et al., 2019; Schmitz et al., 2019). Exercise after breast cancer improves functional (Demark-Wahnefried et al., 2006; Campbell et al., 2019) and psychosocial health (Mustian et al., 2012; Mishra et al., 2014; Schmidt et al., 2015; Rogers et al., 2016; Campbell et al., 2019) and is associated with reduced risk of recurrence (Loprinzi et al., 2012; Courneya et al., 2014) and mortality (Holmes et al., 2005; Chen et al., 2011; Loprinzi et al., 2012). The benefits of exercise for cognitive function are emerging but incomplete (Zimmer et al., 2016; Campbell et al., 2019), largely due to a lack of cognition as a primary outcome in exercise trials, varying measures of cognitive function, and heterogeneous exercise dosing (Campbell et al., 2019). One randomized controlled aerobic exercise trial reported improvements in one domain of objectively-measured cognition, but not self-reported cognitive function, in breast cancer survivors after treatment completion (Hartman et al., 2018). Interestingly, improvements were only noted for those participants who were within 2 years of diagnosis. Another recently completed randomized controlled multicomponent exercise trial reported significant improvements in self-reported cognition and no change in objective measures (Koevoets et al., 2022). Other randomized controlled trials are currently in progress (Gentry et al., 2018; Kiesl et al., 2022), underscoring the burgeoning interest in the exercise-cognition relationship after cancer.

Despite these equivocal findings, evidence increasingly suggests that early intervention prior to or during chemotherapy (i.e., prehabilitation) may be important for cognitive function (Zimmer et al., 2016; Campbell et al., 2020; Salerno et al., 2021), while also reducing hospital length of stay, surgical complications, and overall healthcare costs (Silver and Baima, 2013; Silver, 2015; Stout et al., 2020). In breast cancer specifically, exercise interventions delivered during chemotherapy have noted improvements in health domains impaired by treatment, such as cardiac function, cognitive function, lymphedema, cardiorespiratory fitness, and musculoskeletal strength (Courneya et al., 2013, 2014; Furmaniak et al., 2016). We recently reported on the epidemiological association between higher levels of exercise before and during chemotherapy in patients with breast cancer, highlighting the potential cognitive benefits of early exercise intervention (Salerno et al., 2021).

However, implementation of prehabilitation programs during active breast cancer treatment is challenging for both patients and oncologists alike. Oncologists have limited (if any) time to systematically assess and advise patients on exercise behavior, and patients are often overwhelmed by a new cancer diagnosis and its multiple ensuing appointments. These factors converge to reduce enrollment in and adherence to exercise programs during chemotherapy; only between 25 and 50% of patients approached to participate in exercise trials during cancer treatment actually consent (van Waart et al., 2016). As a result, many rehabilitation programs are delivered after treatment completion, when health declines have already occurred. This current model waits too long to intervene. Leveraging existing healthcare professionals to increase exercise prior to or during treatment is an accessible and pragmatic approach to prehabilitation. Physical therapists (PTs) are rehabilitation clinicians who use a movement-based approach to treatment neurological, musculoskeletal, and cardiovascular conditions across populations (Bezner, 2015). Integrating PTs into oncology care is a cost-effective approach to improving function after cancer treatment (van Waart et al., 2018) and can increase uptake of positive health behaviors, largely due to increased awareness of benefits (Barnes et al., 2020) and trust in an oncologist-referred service (Lis et al., 2009).


1.1 Aims and hypotheses

The overall objective of this study is to pilot test an exercise intervention aimed at preventing cognitive decline during chemotherapy for breast cancer. The primary aim is to collect preliminary estimates of intervention efficacy on change in self-reported cognition. The secondary aim is to assess the intervention's feasibility, acceptability, appropriateness, and implementation potential among patients and the intervention PT using both quantitative (e.g., feasibility questionnaires) and qualitative (e.g., semi-structured interviews) methods. We will further explore potential mechanisms of the exercise-cognition relationship during treatment for breast cancer. We hypothesize that the exercise intervention will: (1) prevent a clinically meaningful decline in cognitive function in the intervention group compared with the control group, and (2) be feasible, acceptable, and appropriate to enrolled patients, with high levels of attendance.




2 Methods and analysis


2.1 Ethics and dissemination

The PROTECT (Prehabilitation to Revolutionize Oncology: Telehealth Exercise for Cognitive Triumphs) trial will be conducted in accordance with the Helsinki Declaration, and all participants will provide written informed consent prior to any participation. This study is approved by Washington University's Protocol Review and Monitoring Committee (PRMC) and institutional review board (HRPO #202302077), and preregistered at ClinicalTrials.gov (NCT05716542).



2.2 Study design

The PROTECT trial is a 2-arm pilot randomized controlled prehabilitation exercise intervention in patients newly diagnosed with breast cancer and scheduled to undergo curative-intent chemotherapy. Participants will be randomized 1:1 to either an individualized home-based aerobic exercise group delivered by a licensed PT (intervention group) or a wait-list usual care group (control group) (Figure 1).
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FIGURE 1
 Flow of participants through the study.




2.3 Participants

Participants (N = 40) will be drawn from the breast cancer patient populations within our cancer center catchment area and randomized to the two arms by stratification of treatment (e.g., neoadjuvant vs. adjuvant) and age (e.g., <60 vs. ≥60 years of age) to have a relatively balanced representation of all eligible patient populations. Eligibility criteria include: (1) a physician-confirmed diagnosis of breast cancer (stage I-III); (2) female age 18 or older; (3) scheduled to receive curative-intent chemotherapy; (4) English speaking; (5) not currently participating in another physical activity research study; (6) low-active, defined as fewer than 2 days per week of at least 20 min of activity; (7) willing to sign the informed consent document, and; (8) medically cleared to participate in an exercise program by their oncologist (i.e., written attestation).



2.4 Recruitment

Women newly diagnosed with breast cancer stage I-III are identified through established partnerships with the clinical breast team at Siteman Cancer Center. Patients who match the eligibility criteria are flagged and either: (1) called by the research team, or (2) approached by a study team member in clinic. Patients are provided with a thorough description of the study and assessed for their interest. Eligible and interested patients who wish to participate are invited to consent procedures and scheduled for baseline assessments. Given the remote consent process and home-based intervention, this trial allows for enrollment across the local healthcare system and increases the potential to enroll patients who may have barriers to transportation or traditional work-related time constraints.



2.5 Randomization

Consenting and eligible participants are randomized using stratified randomization with varying block size, stratifying by cancer treatment (e.g., adjuvant vs. neoadjuvant) and age (e.g., <60, ≥60 years). Further covariates will be adjusted for in final analytic models. Block stratified randomization is generated by the study team using R, and the randomization table is uploaded to REDCap.



2.6 Procedures
 
2.6.1 Intervention group

Participants assigned to the intervention arm complete a home-based exercise intervention, with the goal of safely increasing their steps/day by incorporating moderate-to-vigorous physical activity (MVPA).

Intervention length is unique to each patient's chemotherapy duration and therefore varies; however, standards are maintained for frequency, intensity, and time. Table 1 details the intervention timeline and relevant components (described below).


TABLE 1 Sample progression through the intervention.
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2.6.1.1 Core intervention components

1. Virtual PT coaching sessions: The intervention PT meets with participants via teleconferencing technology (i.e., Zoom) or phone to provide educational content, support exercise maintenance, strategize new exercises, and troubleshoot emerging chemotherapy-related health declines. These coaching sessions are tapered in frequency to promote safety and support independence, a key ingredient in long-term behavioral maintenance. The first six sessions (weeks 0–4) contain educational content on the following topics:

• Session 1: Purpose of the study, value of exercise, exercise history & values.

• Session 2: Goal setting, tracking home exercise (i.e., home logs, heart rate training), safety.

• Session 3: Stages and maintenance of change, exercise barriers.

• Session 4: Self-knowledge, stress and time management.

• Session 5: Behavior change, self-talk, wellness.

• Session 6: Overview, relapse prevention.

After session 6 (week 4), participants meet with the intervention PT biweekly to gauge progress, identify solutions for new barriers, and readjust goals accordingly. Throughout the intervention, participants are trained on goal setting and self-regulation, identifying cues to action, and emphasizing the targets for self-efficacy (e.g., mastery experiences, social modeling, social persuasion, interpreting biological and psychological feedback) (Bandura, 2001).

2. Home exercise sessions: Participants will be prescribed home-based walking sessions at a moderate to vigorous intensity, given that the strongest effects on cognition appear to arise from MVPA rather than lighter intensity activities (Salerno et al., 2019, 2021). However, enjoyment is foundational for long-term behavior change (Lewis et al., 2016), therefore participants will strategize other aerobic MVPA behaviors with the intervention PT (e.g., walking, cycling) to maximize enjoyment and allow for flexibility if life- or cancer-specific barriers arise. Such an approach lays the groundwork for sustained exercise behavior well beyond intervention cessation. These home exercise sessions are progressive in time and intensity with set standards based on intervention week (see Table 1) to support safe progression through the program. Participants complete home exercise logs to record the exercise type, duration, heart rate, rating of perceived exertion (Borg, 1998), and enjoyment. The intervention PT then reviews these home logs with participants at the start of each virtual PT coaching session to ensure adherence and support goal setting.

3. A Fitbit wearable device: All participants receive (and keep) Fitbits with heart rate capabilities to support maintenance of the prescribed intensity during home exercise sessions and participants' self-monitoring of daily steps.



2.6.1.2 Individualized intervention components

Individualized components of the intervention are determined by the PT throughout the intervention to address treatment-specific barriers with participants as they arise (e.g., adding stretching exercises to help with lymphedema). Given that PTs are trained in identifying functional impairments, they are uniquely positioned to target individualized exercise barriers in a way that maximizes patient safety.



2.6.1.3 Interviews

A subsample of 10 patients from the intervention arm of the prehabilitation intervention and the intervention PT will participate in semi-structured interviews. All interviews will be recorded and guided by the Consolidated Framework for Implementation Research (CFIR) to assess intervention feasibility and satisfaction, as well as barriers and facilitators of implementation to inform strategies for future scalability (Damschroder et al., 2009). All interviews will be semi-structured, containing a combination of closed and open questions, and last no longer than 45 min to minimize burden. Questions will seek to understand intervention feasibility, acceptability, and appropriateness, as well as barriers and facilitators within all five domains of the CFIR: intervention characteristics, outer setting, inner setting, individual characteristics, and process. These qualitative interviews, combined with quantitative survey data, are essential for understanding the modifications required to successfully scale and broadly disseminate the PROTECT trial.




2.6.2 Control group

Participants in the control group proceed with their treatment regimen as prescribed (e.g., usual care). To prevent drop out and high attrition rates as well as promote healthy behavior, control group participants will receive an individualized home exercise program and up to two telehealth visits with the intervention PT after chemotherapy completion as well as a Fitbit device to wear throughout chemotherapy and eventually keep.




2.7 Assessments

Cognitive function and exploratory measures will be assessed at baseline (within 3 weeks of first chemotherapy infusion) and end of intervention (within 3 weeks of last day of final chemotherapy cycle). Feasibility outcomes will be assessed at end of intervention.


2.7.1 Cognitive function

Our primary cognitive function outcome variable is self-reported total cognition. We have previously demonstrated that this outcome is significantly affected by both chemotherapy and exercise (Janelsins et al., 2018; Salerno et al., 2021), and it has a benchmark for clinically meaningful change (i.e., ≥1/2 SD change over time) (Cheung et al., 2014; Janelsins et al., 2017). We are supplementing this outcome measure with a combination of validated objective cognitive measures; the International Cognition and Cancer Task Force recommends including both self-reported and objective measures of cognition in CRCD studies (Wefel et al., 2011). All cognitive function measures are collected using REDCap (self-reported) and the BrainBaseline app (objective) on a research iPad. BrainBaseline includes several tasks that assess domains of attention, memory, executive function, emotion and social cognition, and psychomotor speed. Each task consists of instructions, a practice session with accuracy feedback, and trials with no feedback. Participants are asked to respond to the task as quickly and as accurately as possible. This method allows for self-administered cognitive testing, an important component of designing pragmatic and sustainable trials aimed at improving cognition. All five objective measures of cognitive function listed below (i.e., spatial working memory paradigm, Stroop, n-back, Flanker, Trail Making Test) have been used consistently in the cancer literature and are considered valid and reliable tests (Wefel et al., 2011).

• Self-Reported Cognition: The Functional Assessment of Cancer Therapy-Cognition (FACT-Cog) yields a total score and four subdomains: impairments, abilities, noticeability, and quality of life (Jacobs et al., 2007; Lai et al., 2009). The FACT-Cog is a valid and reliable questionnaire with excellent internal consistency (Cronbach alphas for total score and subdomains >0.81) (Hajj et al., 2022).

• Spatial Processing: To assess spatial processing and working memory, participants will complete a modified version of the spatial working memory paradigm (Erickson et al., 2011).

• Inhibition: To assess cognition inhibition and interference, participants will perform a modified version of the Stroop Color Word Test (Stroop, 1935).

• Working Memory: A modified, serial n-back test (Nystrom et al., 2000; Takeuchi et al., 2011) that involves three consecutive parts called the 0-back, 1-back, and 2-back will be delivered.

• Attention: To measure attention and inhibition, participants will complete the Flanker task (Eriksen and Eriksen, 1974) with both congruent and incongruent trials.

• Processing Speed: Participants will perform the Trail Making Tests (TMT) A & B as described by Spreen (1998) to examine processing speed.



2.7.2 Feasibility outcomes

Participants in the intervention arm will complete three quantitative measures: Acceptability of Intervention Measure, Intervention Appropriate Measure, and Feasibility of Intervention Measure (Weiner et al., 2017). All have demonstrated sound psychometric properties and are essential for monitoring and evaluating the success of intervention feasibility and implementation efforts. We will further measure intervention adherence, defined as the number of virtual PT coaching sessions attended and home exercise sessions completed divided by the total number available. Semi-structured interviews (described above) will also be conducted with a subset of intervention participants with high (≥75% adherence; n = 5) and low adherence (<75% adherence; n = 5) and the treating PT at post-intervention to examine barriers and facilitators to implementing the intervention using the CFIR framework. Finally, we will assess reach, defined as the absolute number, proportion, and representativeness of enrolled patients compared with those contacted to participate but did not enroll.



2.7.3 Exploratory outcomes

The following measures are critical to collect as preliminary data for the development of a larger trial designed to test the efficacy of a prehabilitation exercise intervention on CRCD. While we are not powered to detect significant between-group changes in the factors below, they may serve as potential moderators of intervention adherence and/or effects. It will be important to identify how these factors change in response to the intervention, and can thus be targeted directly in a larger trial as potential mechanisms.

• Blood biomarkers: We collect blood from all participants to be analyzed for inflammatory markers (i.e., C-Reactive Protein, Insulin, Free Fatty Acid, and IL-6).

• Clinical factors: Factors associated with treatment are drawn from chart review and include: chemotherapy type, on-time treatment, treatment adherence, and dose reduction.

• Physical activity: Physical activity data are drawn from each participant's Fitbit device worn throughout the intervention period. Average daily steps and minutes of MVPA allow us to determine adherence to the intervention as described.

• Patient-reported outcomes: Patients complete a battery of patient-reported health and theoretical outcomes: self-reported physical activity (International Physical Activity Questionnaire; IPAQ) (Hagströmer et al., 2006), anxiety and depression (Hospital Anxiety and Depression Scale; HADS) (Snaith, 2003), fatigue (Functional Assessment of Chronic Illness Therapy-Fatigue; FACIT-F) (Cella et al., 2021), pain (Brief Pain Inventory) (Cleeland and Ryan, 1994), quality of life (Functional Assessment of Cancer Therapy-Breast; FACT-B) (Brady et al., 1997), sleep (Pittsburgh Sleep Quality Index; PSQI) (Buysse et al., 1989), and self-reported health (Short Form-12 Health Survey; SF-12) (Ware et al., 1996); exercise self-efficacy (Exercise Self-Efficacy Scale; EXSE) (McAuley, 1993), walking self-efficacy (Self-Efficacy for Walking Scale-Duration; SEW_DUR) (McAuley et al., 2007a), barriers (Barriers Self-Efficacy Scale; BARSE) (McAuley, 1992), and outcome expectations (Multidimensional Outcome Expectations for Exercise Scale; MOEES) (Wójcicki et al., 2009). All patient-reported outcome measures are valid and reliable (Ware et al., 1996; Brady et al., 1997; Resnick and Jenkins, 2000; Bjelland et al., 2002; Craig et al., 2003; Webster et al., 2003; McAuley et al., 2007b; Hall et al., 2012; Akman et al., 2015) and have been used extensively in aging and cancer populations.




2.8 Statistical analysis
 
2.8.1 Sample size justification
 
2.8.1.1 Primary efficacy outcome

The primary efficacy outcome for our intervention is change in self-reported cognitive function at completion of chemotherapy relative to pre-chemotherapy. Assuming a 25% attrition rate (a conservative estimate based on our team's current research in this population), we plan to recruit 20 participants per arm, for a total of 40 breast cancer patients randomized 1:1 to each arm for at least 15 valid pre-post pairs per arm. For the primary efficacy endpoint, the average pre-post change comparison in self-reported cognition between arms, 15 per arm allows 80% power to detect an effect size (i.e., Cohen's D) of 1.06 based on 2-sided 2-sample t-test at alpha = 5%, calculated using PASS (v15). We acknowledge that this study only pilot tests efficacy with a small sample size of 15 per arm and thus may be underpowered.



2.8.1.2 Feasibility outcome

The primary feasibility outcome is quantitative acceptability. There are several competing factors driving desired sample size for our post-intervention interviews, including minimal sample sizes for theme saturation and pragmatic sample sizes due to time constraints (Vasileiou et al., 2018). A subsample of 10 participants from the intervention arm and the PT leading the intervention will participate in semi-structured interviews. We consider a response rate of approximately 50% as acceptable (i.e., over half of patients consider the intervention to be feasible and acceptable). The sample size was calculated to attain sufficient precision for 90% confidence interval (CI) to a proportion estimate. N = 10 allows us to estimate the desired 50% rate with a 2-sided 95% Wilson CI of 0.24 to 0.76 with a margin of error of 0.26.




2.8.2 Statistical plan
 
2.8.2.1 Efficacy outcome

For the efficacy outcomes, we will apply generalized linear mixed effects model or generalized estimating equation with the fixed effects of group (intervention vs. control), time (pre- & post-chemotherapy) and the group-by-time interaction. We will account for repeated measures in patients to determine differential changes in cognition over time within arms and the differential change difference between the intervention and control groups (i.e., the interaction arm and time effect). Estimation will be performed using restricted maximum likelihood (REML). Marginal adjusted means will quantify the between-group differences at the multiple time points, changes across chemotherapy, and between-group differences in these changes. Models will be adjusted for scientifically-based confounders, including body mass index, functional status, and chemotherapy duration. While we are not powered to conduct mediation tests of our hypothesized mechanistic factors (e.g., inflammatory blood markers, health outcomes), we will measure their between group changes over time to determine if our intervention affects these suspected mediators. Cohen's d effect sizes (Cohen, 1988) for between-group changes in cognition will be calculated to inform future larger trials. All analyses will be conducted in SAS, Version [9.4] or R (version 3.6.1).



2.8.2.2 Feasibility outcomes

For the feasibility outcomes, we will examine the means and frequencies of each quantitative response for adherence, acceptability, feasibility, and appropriateness (e.g., % of patients completing >75% of the home sessions, assessed by home logs; % of patients reporting, “The intervention seems possible;” “This intervention seems like a good match”). Semi-structured interviews assessing qualitative feasibility and implementation potential will be transcribed and subsequently analyzed for key themes using thematic analysis informed by CFIR contructs (Braun and Clarke, 2006), then comprehensively reported using the Consolidated Criteria for Reporting Qualitative Research (COREQ) (Tong et al., 2007). Emergent themes will be examined for desired modifications to the intervention. These modifications will be characterized using the updated Framework for Reporting Adaptations and Modifications-Enhanced (FRAME) (Stirman et al., 2019). The FRAME considers when and how modifications are warranted, reasons and goals for suggested modifications, how to maintain fidelity, and the impact on evidence-based interventions.






3 Results

This study was funded in December 2022 by the Alvin J. Siteman Cancer Center through The Foundation for Barnes-Jewish Hospital (award No. 6257). As of October 2023, seventeen patients have been enrolled; eight have been randomized to the intervention group, and nine have been randomized to the control group. Data collection began in May 2023 and is projected to continue through July 2024. Longitudinal data analysis will begin once all data collection is complete (e.g., once all patients have completed curative-intent neo/adjuvant chemotherapy).



4 Discussion

We propose to close significant scientific gaps through pilot testing a randomized controlled remote, PT-delivered exercise intervention during chemotherapy for breast cancer, and carefully assessing the feasibility of such a program and its effects on cognitive function. This trial includes robust, comprehensive, and understudied outcome measures (Janelsins et al., 2014) that will allow us to explore potential mechanisms of our intervention. The inclusion of both objective and self-reported cognition will allow us to fully explore the preliminary effects of exercise on cognitive function. We will also collect inflammatory blood markers, clinical data, and patient-reported outcomes. These measures are crucial for advancing our understanding of the exercise-cognition relationship during cancer treatment. To our knowledge, this study is one of the first to explore the remote delivery of an exercise intervention during curative-intent breast cancer chemotherapy designed to prevent cognitive decline, with comprehensive measures of cognitive function at both time points.

One key strength to this protocol is PROTECT's ability to address the persistent challenges in enrolling recently diagnosed breast cancer patients in exercise programs during chemotherapy (van Waart et al., 2016). Designed to be remote, it reduces patient burden and enhances trust and buy-in through its delivery by established clinicians. This design eliminates previously reported barriers that can reduce enrollment by over 60% (Wu et al., 2021). Many exercise interventions are delivered after chemotherapy completion when health outcomes and exercise levels have already significantly declined (Irwin et al., 2004; Bock et al., 2013; Nelson et al., 2020). This trial shifts the current cancer rehabilitation paradigm earlier on the treatment continuum to prevent CRCD. Our behavioral model provides patients with strategies to sustain positive health behaviors well into survivorship and prescribes individualized moderate-to-vigorous intensity activities that patients enjoy, which is foundational for long-term behavior change (Lewis et al., 2016). Each participant's intervention length is anchored to relevant cancer milestones (i.e., chemotherapy initiation), which allows us to answer critical questions about exercise and cognition around clinically meaningful treatment timeframes.

Importantly, this study combines behavioral science, physical therapy, and implementation science within the post-COVID-19 landscape. In response to COVID-19 pandemic, PT care shifted to telehealth with resounding success (Miller et al., 2021), highlighting increased accessibility of these clinicians and potential for long-term sustainability. Telehealth PT has been shown to improve activities of daily living, decrease hospitalization rates, and improve patient outcomes (Collins et al., 2019; LeDoux et al., 2020). Recent legislation has proposed direct access to PT care (APTA, 2020), with demonstrative safety (Piano et al., 2017; Piscitelli et al., 2018) and effectiveness (Hon et al., 2020). Such a movement highlights the potential for cancer patients' direct and sustained contact with a PT, a novel mechanism for long-term access to comprehensive survivorship care beyond the adjuvant setting (Pergolotti et al., 2019; Stout et al., 2019; Barnes et al., 2020).

Recruitment and attrition are serious concerns in any clinical trial, but especially so in this population so soon after a cancer diagnosis and while undergoing intensive treatment regimens. Our previous work has resulted in over 80% adherence to exercise interventions, largely due to our behavioral strategies, participant remuneration, and research staff-participant contact. We have designed this intervention to directly address significant limitations of previous studies (van Waart et al., 2016). If indeed attrition rates are high, our semi-structured interviews represent a prime opportunity to identify intervention strengths and weaknesses to better inform future trials that aim to improve cognitive function during breast cancer treatment.



5 Conclusion

As of today, there are no standardized exercise programs prescribed to treat or prevent CRCD. More research is needed to understand: (1) how exercise affects CRCD during treatment, and (2) best practices for intervention delivery to maximize efficacy and engagement. This study is poised to provide these necessary preliminary data to inform the development of larger survivorship trials. Depending on key feasibility findings, these future trials may range from tightly controlled to more pragmatic approaches to increasing exercise levels during chemotherapy. Unless and until these trials can be readily implemented into the standard of cancer care, patients will continue to lack access to sustainable health benefits. Identifying best practices for reducing CRCD while maximizing patient engagement after cancer can lead to a significant paradigm shift in the way we consider standard of care rehabilitation after cancer.
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