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Abstract

Background: Current exercise guidelines for clinical populations recommend an exercise 

therapy (ET) prescription of fixed intensity (moderate), duration (40–50 mins/session), and 

volume (120–160 mins/week). A critical overarching element of exercise programming that has 

received minimal attention is dose scheduling. We investigated tolerability and efficacy of two 

exercise training dose regimens on cardiorespiratory fitness and patient reported outcomes (PROs) 

in patients with post-treatment primary breast cancer.

Methods: Using a parallel-group randomized trial, 174 postmenopausal patients (2.8 years post 

adjuvant therapy) with impaired peak oxygen consumption (VO2peak) were randomly allocated to 

one of two supervised exercise training interventions delivered using a standard linear (LET) 

(fixed dose-intensity / session for 160 mins/wk) or non-linear (NLET) (variable dose-intensity / 

session for ~120 mins/wk) schedule in comparison with a stretching attention-control (AC) group 

for 16 consecutive weeks. Stretching was matched to exercise dosing arms on the basis of location, 

frequency, duration, and treatment length. The primary end point was change in VO2peak (ml 

O2·kg−1·min−1) from baseline to post-intervention. Secondary end points were PROs, tolerability, 

and safety.

Results: No serious adverse events were observed. Mean attendance was 64%, 75%, and 80% for 

AC, LET, and NLET, respectively. In intention-to-treat analysis VO2peak (ml O2·kg−1·min−1) 

increased 0.6 (± 1.7) ml O2·kg−1·min−1 (p=0.05) and 0.8 (± 1.8) ml O2·kg−1·min−1 (p=0.07) in 

LET and NLET respectively, compared to AC. Change in VO2peak ranged from −2.7 to 4.1 ml 
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O2·kg−1·min−1 and −3.6 to 5.1 ml O2·kg−1·min−1 in LET and NLET, respectively. Approximately 

40% of patients in both exercise dosing regimens were classified as VO2peak “responders” (i.e., Δ 

≥1.32 ml O2·kg−1·min−1). NLET improved all PROs compared with AC.

Conclusion: Short-term exercise training, independent of dosing schedule, is associated with 

modest improvements in cardiorespiratory fitness in patients previously treated for early-stage 

breast cancer.
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INTRODUCTION

Post-treatment patients with early-stage breast cancer have marked and significant 

impairments in cardiorespiratory fitness (CRF1) as a consequence of adverse direct as well 

as the indirect (i.e., lifestyle perturbations) effects of adjuvant therapy on pulmonary, 

cardiac, blood-vascular, and skeletal muscle function.2 On average, patients with breast 

cancer reach a predicted CRF for a particular age group approximately 20 to 30 years earlier 

than apparently healthy women without a history of breast cancer.1 Collectively, these data 

indicate that breast cancer is a model of accelerated physiological aging.3, 4 Impaired CRF 

likely predisposes to the excess noncancer competing morbidity and mortality observed in 

early-stage breast cancer survivors,5, 6 as well as its attendant symptom burden (e.g., poor 

quality of life, fatigue).3

In a recent meta-analysis of 27 exercise-oncology trials (1,774 total patients) in post-

treatment patients with adult-onset cancer, exercise training was associated with significant 

improvements in CRF compared to control.7 However, several important methodological 

limitations were apparent including but not limited to small trial sample sizes (mean, n<75), 

lack of eligibility criteria related to pre-treatment CRF, suboptimal monitoring and reporting 

of safety and tolerability / feasibility, and investigation of exercise doses of approximately 

100 to 135 minutes per week (i.e., three times weekly for 30 to 45 minutes per session),7 

which is not consistent with current exercise-oncology recommendations.8–10 Finally, 

virtually all exercise-oncology trials to date have investigated exercise doses prescribed at a 

fixed amount (per week), duration (per session) and intensity (per session) for the entire 

intervention period, known as a linear prescription. The tolerability and efficacy of 

alternative non-linear exercise dose scheduling approaches is unclear.

Accordingly, we conducted a randomized trial to evaluate the tolerability and efficacy of two 

exercise dosing regimens in patients following completion of adjuvant therapy for primary 

breast cancer. The primary objective was to evaluate changes in CRF. Secondary objectives 

were changes in patient-reported outcomes (PROs), safety, and tolerability.
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METHODS

Trial Design and Patients

We conducted a parallel-group, dual-center, randomized trial to evaluate treatment with 

standard linear exercise training (LET) or non-linear exercise training (NLET), relative to 

attention control (AC), in postmenopausal women with primary breast cancer. Eligible 

patients were ≥ 1 year to <5 years after completion of primary adjuvant therapy, a CRF 

[peak oxygen consumption (VO2peak)] below age-sex-matched active levels,11 and 

acceptable pre-randomization cardiopulmonary exercise test (CPET) with cardiology ECG 

clearance as per established practice guidelines.12 Patients were randomly assigned in a 

1:1:1 ratio to receive either one of the two exercise dosing regimens (LET or NLET) or AC. 

The random allocation sequence was generated and implemented using REDCap with a 

random permuted block design. No stratification factors were employed. The protocol, with 

full eligibility criteria, is available in the Supplement. All study procedures were reviewed 

and approved by Duke University Medical Center and Memorial Sloan Kettering Cancer 

Center institutional review boards. All patients provided written informed consent. Data 

supporting the findings of this study are available from the corresponding author upon 

reasonable request.

Interventions

Full intervention details are provided in the Supplement. Exercise training in both dosing 

regimens consisted of 61 individualized (one-on-one), supervised treadmill walking (Jog 

Excite 700, Technogym, Inc.) sessions, 3 to 4 times-weekly for 16 consecutive weeks. 

Exercise training intensity for each session in each dosing arm was monitored using a 

combination of heart rate (continuous), blood pressure (every 10 minutes), oxygen saturation 

(every 5 minutes) and rate of perceived exertion (every 15 minutes). In LET, following a 4-

week progressive increase in duration and/or intensity all sessions were conducted at ~70% 

of the prerandomization VO2peak for 40 minutes/session (planned amount: 160 mins/week) 

(Figure 1A) consistent with current guidelines.10, 13 The intensity of each session was 

individually prescribed to each patient on the basis of workload (the speed and incline) 

measured during the pre-randomization CPET. The corresponding heart rates and blood 

pressures measured at each workload during the CPET were then used in each training 

session to verify correct intensity (for each patient). In NLET, intensity alternated between 

five different dose intensities (i.e., 55%, 65%, 75%, 80%, and >95%) of VO2peak measured 

during the pre-randomization or midpoint (week 8) CPET, for 20 to 45 minutes/session 

(planned mean amount: 120 mins/wk); interval sessions consisted of 60 seconds to 120 

seconds at peak VO2peak followed by 120 to 180 seconds of active recovery for 8 to 12 

intervals. Intensity was individualized to each patient on the basis of workload (i.e., 

treadmill speed / grade) corresponding to a specific percent of ventilatory thresholds 

measured during the pre-randomization or midpoint (week 8) CPET. The planned dose was 

continually altered and progressed consistent with non-linear (periodized) dose scheduling 

(Figure 1B).14 The NLET was designed to improve VO2peak consistent with exercise 

principle of specificity.15
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Dose modification was permitted and performed using standardized criteria (Supplemental 

Table 1) in both dosing arms. “Planned” dose of all sessions was quantified as metabolic 

equivalent task (MET)-hours/session. The “planned” intensity of each session was 

multiplied by the corresponding session duration (20–60 mins) to calculate MET/session; all 

sessions were summed to derive total “planned” cumulative MET-hours (MET·hrs)/patient.
16 For context, 40 minutes at 2.7 miles per hour (mph) and grade of 5% is equivalent to 4.1 

MET·hrs/session; 25 minutes at 2.9 mph and a grade of 14% is equivalent to 3.4 MET·hrs /

session.

AC consisted of 3 to 4 supervised stretching sessions per week, of 12 to 20 different 

positions for 20 to 45 secs/stretch following a standardized progressive approach for a total 

of 20 – 45 min/session.17

Endpoints

The primary endpoint was change in VO2peak, ml O2·kg−1·min−1 evaluated by a symptom-

limited CPET on an electronic motorized treadmill with breath-by-breath expired gas 

analysis (ParvoMedics, TrueOne 2400, USA) with 12-lead ECG monitoring (Mac® 5000, 

GE Healthcare).18 Given intrapatient variability (e.g., learning effects) all patients performed 

two pre-randomization CPETs (≤7 days of each other) under identical laboratory conditions 

(Supplemental Figure 1). Quality or acceptability of each CPET was evaluated using 

American Thoracic Society guidelines.19 If both CPETs were deemed acceptable, data from 

the second CPET were used in analyses. Secondary endpoints were other CPET variables, 

PROs including quality of life (Functional Assessment of Cancer Therapy-Breast (FACT-B),
20 and fatigue (FACIT-fatigue),21 tolerability and safety. Tolerability was assessed by rates 

of lost to follow up (LTF), attendance, permanent discontinuation, and dose modification.16 

“Planned” and “completed” dose in all exercise sessions was quantified as metabolic 

expenditure/session, with relative dose intensity (RDI) defined as the ratio of total 

“completed” to total “planned” cumulative dose.16 Safety was evaluated by the type and 

prevalence of serious (e.g., important medical events) and non-serious adverse events (AEs) 

during exercise therapy sessions only. Non-protocol exercise was assessed using the Godin-

Leisure Time Exercise Questionnaire.22 All endpoints were evaluated at pre-randomization 

and repeated ≤14 days after the final intervention session (Week 17). Tolerability and safety 

were evaluated over the entire intervention period.

Statistical Analysis

Power calculations were based on change in primary trial endpoint (VO2peak, ml O2·kg
−1·min−1) for an overall F-test comparison and on the basis of two specified pairwise 

comparisons (AC with each exercise dosing regimen), with Bonferroni adjustment for two 

comparisons (α= 0.05/2 = 0.025). Comparison of LET and NLET was for exploratory 

purposes only. Power estimates were calculated using the following expected changes in 

mean VO2peak: LET: 1.5 ml O2·kg−1·min−1; NLET: 4.0 ml O2·kg−1·min−1; and AC: 0.0 ml 

O2·kg−1·min−1, assuming a standard deviation of 4.0 ml O2·kg−1·min−1 obtained from prior 

work among post therapy breast cancer patients.23, 24 With 174 patients (n=58/arm), >80% 

power was provided to detect ≥2.5 ml O2·kg−1·min−1 difference for comparison of exercise 

dosing arms with AC. Analyses were conducted under the intention-to-treat (ITT) principle.
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Missing values for the primary endpoint were imputed with both multiple imputation using a 

Monte Carlo Markov single-chain method assuming a multivariate normal distribution and 

initial mean and covariance estimates derived using the expectation–maximization 

algorithm, and last observation carried forward (LOCF). Results of both approaches were 

similar thus only data from LOCF analyses are reported. LOCF was also used for missing 

values in secondary end points. Changes between baseline and week 17 were estimated for 

each patient individually; the mean change within each treatment group was used to estimate 

group differences. Given that outcome data was skewed, nonparametric tests were conducted 

in lieu of the originally planned F-tests. Wilcoxon signed rank tests were used to test for 

within-group and between-group differences in the mean change from baseline to week 17. 

The proportion of patients in each exercise dosing arm with a VO2peak improvement greater 

than the technical error (TE) was evaluated as previously described.25 In this trial, TE was 

calculated as 1.32 ml O2·kg−1·min−1. In unplanned subgroup analyses, Wilcoxon Signed 

Rank tests were used to evaluate whether the effects of each exercise dosing regimen (on 

VO2peak) within subgroups of select medical characteristics. Spearman correlation was used 

to evaluate the correlation between RDI with change in VO2peak (ml O2·kg−1·min−1) for 

LET and NLET. A two-sided significance level of 0.025 was used for the analysis of the 

primary endpoint. No adjustments were made for multiple comparisons. All analyses were 

conducted using SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

A total of 174 postmenopausal patients (mean 2.8 years post primary adjuvant therapy) were 

allocated to LET (n=58), NLET (n=59), or AC (n=57) (Figure 2). The study was conducted 

at Duke University Medical Center between November, 2010 and December, 2013, 

continuing at Memorial Sloan Kettering Cancer Center from May, 2016 to September, 2018 

(for a total accrual period of five years), with final post-intervention testing conducted in 

September, 2018. Baseline characteristics were balanced between arms (Table 1). For the 

entire cohort, mean pre-randomization VO2peak was 21.9 ± 4.1 ml O2·kg−1·min−1, the 

equivalent of 5% and 28% below age-matched healthy sedentary or active women, 

respectively.11 No patient had evidence of systolic dysfunction (LVEF <53%26) at baseline. 

One (0.5%) and 14 (8%) patients at baseline and follow-up, respectively did not meet 

acceptable CPET criteria. Self-reported non-protocol exercise significantly increased in all 

study arms with differences between groups being not significant (p’s>0.05).

Tolerability and Safety

Tolerability is presented in Supplemental Table 2. LTF was 12% in LET and AC compared 

with 7% in NLET, whereas mean attendance was 64%, 75%, and 80% for AC, LET, and 

NLET, respectively (attendance range, 0% to 100% in all arms). The most common reasons 

for missed sessions were health related (e.g., fatigue) and non-health related (e.g., time 

constraints). Rates of permanent discontinuation and dose interruption were 19% and 57%, 

and 10% and 49% in LET and NLET, respectively. Mean RDI was 73% and 80% in LET 

and NLET, respectively. No serious AEs were observed. A total of 35 of 58 patients (60%) 

in LET, 36 of 59 (61%) in NLET, and 9 of 58 (15%) in AC experienced at least one non-

serious AE (Supplemental Table 3).
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Efficacy

VO2peak (ml O2·kg−1·min−1) increased 0.6 (± 1.7) ml O2·kg−1·min−1 (p=0.05) and 0.8 (± 

1.8) ml O2·kg−1·min−1 (p=0.07) in LET and NLET, compared to AC (Table 2). Change in 

VO2peak ranged from −2.7 to 4.1 ml O2·kg−1·min−1 and −3.6 to 5.1 ml O2·kg−1·min−1 in 

LET and NLET, respectively (Figure 3). The proportion VO2peak ‘responders’ (Δ ≥1.32 ml 

O2·kg−1·min−1) was 36% and 40% in LET and NLET, respectively (p=0.25). Significant 

within arm improvements were observed for several secondary cardiorespiratory fitness end 

points in both exercise dosing regimens, with few significant in comparison to AC (Table 2). 

FACT-B increased 1.7 (± 10.4) (p=0.22) points and 3.7 (± 7.7) (p=0.005) points in LET and 

NLET, respectively (Table 2) compared to AC. Significant improvements in fatigue were 

observed in both dosing regimens compared to AC (Table 2). In general, no differences 

between exercise dosing regimens was observed for any study endpoints (Supplemental 

Table 4).

In stratified analyses, in comparison to AC, improvement in VO2peak in LET was superior 

among younger patients and those not previously treated with anthracyclines or receiving 

current endocrine therapy. For NLET, improvement in VO2peak was superior for younger 

patients, lower BMI at baseline, and those not previously treated with anthracyclines or left-

sided radiation or receiving current endocrine therapy (Supplemental Table 5). RDI did not 

predict change in VO2peak in either exercise dosing arm (Spearman correlation p=0.33 and 

p=0.61 for LET and NLET, respectively).

DISCUSSION

Findings of the present trial demonstrated that exercise training using either a linear 

(standard) or non-linear dosing scheduling approach is safe and tolerable but associated with 

only modest improvements in CRF and PROs among post-treatment primary breast cancer 

patients. Our findings are in stark contrast with previously reported smaller trials evaluating 

the efficacy of structured exercise training in postmenopausal patients with primary breast 

cancer as well as those in other post-treatment cancer populations. For instance, in the 

Rehabilitation Exercise for Health After Breast Cancer (REHAB) trial,27 VO2peak, 

evaluated by CPET, increased by 2.7 ml O2·kg−1·min−1 (~14% improvement) following 15 

weeks of linear dosed aerobic training (i.e., cycle ergometry) compared with a 0.6 O2·kg
−1·min−1 decrease in the non-intervention arm among 53 patients with primary breast cancer. 

These findings were corroborated in a recent meta-analysis among post-treatment cancer 

patients reporting exercise training (the majority of which followed a standard linear dosing 

schedule) increased VO2peak, on average, by 2.45 ml O2·kg−1·min−1 (~10% improvement) 

compared to a non-intervention control arm.7 The magnitude of exercise training-induced 

improvements in VO2peak observed in post-treatment cancer patients is also similar to that 

reported in other chronic diseases, with, in general, ~10% to 15% improvements in VO2peak 

following standard dosing regimens.28–30

There are important distinct differences between our study and previous trials of exercise 

training in clinical populations that may contribute to the observed discrepant findings. First, 

our trial carefully adhered to the ITT principle, with all randomized patients included in the 

analyses regardless of LTF or adherence to the intervention. Second, our trial only recruited 
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patients with impaired CRF; physiological response to exercise training is likely distinct in 

patients with cardiovascular impairment, especially in those pre-treated with anticancer 

therapy.31 Third, several prior studies, especially those conducted in cancer, measured CRF 

using estimated VO2peak calculated from submaximal (indirect) methods as opposed direct 

measurement using CPET procedures; estimated methodologies are less reliable and may 

overestimate treatment effects.32 Finally, and perhaps most important, consistent with 

guidelines19 we conducted two pre-randomization CPETs to minimize the confounding 

impact of learning effects / variability on exercise treatment response. Specifically, in our 

trial, we observed that VO2peak increased on average ~0.9 ml O2·kg−1·min−1 (~4%) from 

the first ‘familiarization’ CPET to the second CPET. These findings indicate that learning 

effects may contribute to the observed VO2peak benefit reported in previously reported 

trials.

Another noteworthy finding was the considerable heterogeneity in VO2peak response 

observed among primary breast cancer patients in response to two uniformly controlled and 

tightly implemented exercise dosing regimens. Most prior exercise-oncology RCTs have 

focused on the overall treatment effect for the entire study population, adhering to 

underlying assumption that all patients within a given population respond equally to exercise 

training – i.e., a one-size-fits-all approach.31 Nevertheless, several recent trials outside of 

oncology report variability in exercise response. For instance, in the Heart Failure: A 

Controlled Trial Investigating Outcomes of Exercise Training (HF-ACTION), mean change 

in VO2peak was 0.6 ml O2·kg−1·min−1 following 12 weeks of standard linear-dosed aerobic 

training whereas individual response ranged from −12 ml O2·kg−1·min−1 (−83%) to 14 ml 

O2·kg−1·min−1 (+97%); similar to our findings, an improvement in VO2peak above TE was 

observed in ~40% of patients.33 In our prior work, mean change in VO2peak was ~9% 

among men with clinically localized prostate cancer following a non-linear dosing regimen 

whereas individual response ranged from −18% to +32%.34 Hence, cardiovascular response 

to standard as well as non-linear dosing schedules following the conventional amount (~150 

minutes/week) and length (12 to 16 weeks) not only displays considerable heterogeneity but 

also more importantly, appears suboptimal for the majority of patients following treatment 

for primary breast cancer.

Interestingly, increasing the dose of exercise training (via amount or intensity) reduced the 

number of low VO2peak responders in sedentary obese adults compared with a conventional 

dose and amount of exercise.25 Whether such an approach will confer similar benefit in 

clinical populations such as post-treatment breast cancer patients is not known. However, 

comparison of the typical VO2peak response to standard exercise training in middle-aged 

apparently healthy women (~20% improvement) appears to indicate breast cancer patients 

have a blunted or abnormal physiological response to exercise training, possibly due to the 

cardiovascular toxic effects of anticancer therapy. Treatment with anthracyclines and left-

sided radiation, both established determinants of cardiotoxicity,35, 36 as well as current 

endocrine therapy,37 were associated with a blunted VO2peak response in this trial. In 

addition to impairing central determinants of exercise tolerance,24, 38, 39 cytotoxic therapy 

may also impact peripheral mechanisms in skeletal muscle.40 Hence, a more personalized 

medicine paradigm may be required involving pretreatment evaluation of multiple patient 

characteristics permitting stratification of patients with a common but heterogeneous 

Scott et al. Page 7

Circulation. Author manuscript; available in PMC 2021 February 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



condition into homogeneous subgroups (phenogroups), with subsequent design and testing 

of phenogroup-targeted (personalized) exercise prescriptions that includes aerobic training 

and / or resistance training.31 Such a paradigm has not been tested in clinical exercise 

medicine; however ‘proof-of-concept’ has recently been demonstrated in nutritional science.
41

On the basis of our prior work demonstrating the extent and clinical importance of impaired 

CRF in post-treatment breast cancer patients,1 the non-linear dosing regimen was designed 

specifically to target improvements in VO2peak; this is consistent with the fundamental 

exercise tenet of specificity.15 Nevertheless, as observed in the present trial even when 

exercise dosing regimens are targeted to a specific end points such as VO2peak, benefit is 

observed in other ‘non-targeted’ end points such as PROs even when the magnitude of 

VO2peak improvement was modest. This reflects the broad beneficial effects of exercise. 

However, the magnitude of exercise-induced improvements in PROs was again smaller than 

that reported in prior work.27, 42 These discrepancies may be explained by differences in the 

nature of the control groups used in these studies. Our trial utilized an AC condition matched 

to the exercise therapy arms for frequency and duration of social contact as well as setting – 

the majority of prior trials have employed non-intervention control conditions, with little 

interaction with other study participants or study personnel during the intervention period.7 

Our findings suggest that social interaction likely contributes, at least in part, to the reported 

favorable effects of exercise on PROs. Second, the observed changes in study end points 

was, in general, equivalent between the two exercise therapy dosing regimens. NLET, 

however, had several important pragmatic advantages as characterized by lower rates of LTF, 

treatment discontinuation, and dose interruptions (resulting in a higher RDI). Further, 

completion of the NLET prescription required approximately 30 minutes per week less time 

compared to LET. The higher tolerability and quality of life efficacy of the NLET dosing 

regimen may be related to the variety of treatment sessions together with the overall shorter 

duration – such factors may be critical antecedents of generalizability and uptake in clinical 

practice. Finally, the standard approach in exercise trials of solely reporting attendance 

provides limited insight into the actual tolerability in a given clinical setting.16 Precise 

details such as RDI as well as pre- and during session dose modification underscores the 

importance of real-time monitoring of exercise sessions by qualified exercise personnel in 

clinical populations to maximize exercise benefit and safety. In totality therefore, our 

findings, together with prior work, support the recommendation of structured exercise 

therapy for post-treatment patients with primary breast cancer.8–10

Our trial limitations require consideration. First, our results are limited to less active and 

unfit breast cancer patients and do not generalize to those with normal CRF in which 

exercise training feasibility (tolerability) and response may be distinct. Second, we likely 

recruited a cohort of breast cancer patients highly motivated to voluntarily participate in a 

supervised lifestyle intervention that may impact the generalizability of our findings to all 

post-treatment breast cancer patients. The generalizability of our findings are also limited by 

the low participation rate (18% of eligible patients). Not surprisingly, the major reasons for 

non-participation related to inconvenience (i.e., time commitment, travel distance) indicating 

that integration of ‘site-less’ telemedicine solutions that enable exercise sessions and other 

study procedures to be conducted remotely may provide several distinct advantages to the 
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conduct of exercise training investigations.4, 43 Third, our trial consisted of highly structured 

and monitored exercise therapy sessions with individualized supervision; thus, the 

feasibility, safety, and efficacy could differ under other conditions. Other limitations include 

the short length of treatment intervention and lack of long-term follow-up.

In conclusion, exercise therapy implemented using either a standard linear or alternative 

non-linear dosing schedule was tolerable and safe but associated with only modest 

improvements in CRF among post-treatment patients with primary breast cancer. These 

findings provide important information regarding the design and refinement of dosing 

regimens as well as clinical generalizability of exercise therapy in cancer as well as other 

clinical populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-standard Abbreviations and Acronyms

AC Attention Control

AE Adverse Event

CPET Cardiopulmonary Exercise Test

CRF Cardiorespiratory Fitness

ET Exercise Therapy

ITT Intention-to-treat

LET Linear Exercise Therapy

LOCF Last Observation Carried Forward

LTF Lost to Follow Up

NLET Non-Linear Exercise Therapy

MET Metabolic Equivalent Task

PROs Patient Reported Outcomes

RDI Relative Dose Intensity

TE Technical Error
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VO2peak Peak Oxygen Consumption
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Clinical Perspective

What is new?

• Women with post-treatment primary breast cancer have significant 

impairments in global cardiovascular function that predisposes to increased 

risk of long-term cardiovascular disease.

• We evaluated the efficacy of two different exercise dosing regimens (i.e., 

standard ‘fixed’ dosing versus non-linear dosing) compared to control on 

cardiorespiratory fitness in 174 post-treatment women with primary breast 

cancer.

• Exercise training, independent of dosing schedule, was associated with only 

modest improvements in cardiorespiratory fitness for the overall cohort 

although considerable heterogeneity was observed.

What are the clinical implications?

• Structured exercise training is a safe and tolerable intervention for post-

treatment breast cancer patients associated with modest improvements in 

cardiorespiratory fitness and patient-reported outcomes.

• Nevertheless, exercise training prescribed at the conventional amount (~150 

minutes/week) and length (~16 weeks) is associated with suboptimal 

improvements in cardiorespiratory fitness for a high proportion of women 

following treatment for primary breast cancer.

• Exercise programs of greater length or amount may be required to induce 

meaningful improvements in post-treatment patients with primary breast 

cancer.
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Figure 1. 
Planned intensity and duration of each individual session (i.e., dose) as well as the schedule 

of treatment dose across the study intervention period for (A) linear dosing and (B) non-

linear dosing. The planned prescription depicts the intensity, duration, and scheduling of 

sessions under the assumption that no sessions were missed or dose modified, as per 

protocol. All doses were individualized to each patient on the basis of the pre-randomization 

cardiopulmonary exercise test (CPET). In the non-linear arm, at the end of week 8 the CPET 

was repeated to re-prescribe exercise intensity (green bar). The intensity of each session 

depicted by the colored bars as a percentage of VO2peak: (1) black – 55%, (2) blue – 65%, 
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(3) orange – 70% to 75%, (4) grey – 85%, and (5) red – >95%. Black dots depict the 

planned duration of each session (mins), ranging from a minimum of 20 mins/session to a 

maximum of 45 mins/session. VO2peak, peak oxygen consumption.
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Figure 2. 
CONSORT Flow for Non-Pharmacological Trials.
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Figure 3. 
Waterfall plots for change in VO2peak. The technical error (TE) for VO2peak (Δ1.32 mL 

O2·kg−1·min−1) is illustrated by the shaded area. Patients with a change in VO2peak greater 

than TE classified as responders. Black bars: attention control; grey bars: standard linear 

exercise training; blue bars: non-linear exercise training. VO2peak, peak oxygen 

consumption.
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Table 1.

Characteristics of the Participants

Characteristic All (n=174) AC (n=57) LET (n=58) NLET (n=59)

Time (yrs) from completion of primary cancer treatment to enrollment – mean 
(SD)

2.8 (1.3) 2.7 (1.2) 2.9 (1.1) 2.8 (1.5)

Age (yrs) – mean (SD) 58 (9) 58 (9) 59 (9) 58 (9)

BMI (kg/m2) – mean (SD) 29.5 (5.6) 29.1 (5.2) 30.1 (6.0) 29.2 (5.6)

Exercise behavior (minutes/week)* – mean (SD) 52.0 (103.6) 43.6 (101.3) 46.4 (113.4) 65.6 (96.0)

Left ventricular ejection fraction (%) – mean (SD) 62 (5) 63 (5) 63 (5) 62 (4)

Study Site – no. (%)

 DUMC 115 (66) 38 (67) 38 (66) 39 (66)

 MSK 59 (34) 19 (33) 20 (35) 20 (34)

Race – no. (%)

 Non-Hispanic white 109 (63) 35 (61) 36 (62) 38 (64)

 Other group 65 (37) 22 (39) 22 (38) 21 (36)

Smoking – no. (%)

 Never 106 (61) 31 (54) 37 (64) 38 (64)

 Former 58 (33) 22 (39) 18 (31) 18 (31)

 Current 10 (6) 4 (7) 3 (5) 3 (5)

Disease stage – no. (%)

 I 99 (57) 32 (56) 32 (55) 35 (59)

 II 60 (35) 22 (39) 19 (33) 19 (32)

 III 14 (8) 3 (5) 6 (10) 5 (9)

Clinical subtype – no. (%)

 ER+/PR+ 109 (63) 40 (70) 31 (53) 38 (64)

 HER2+ 34 (20) 10 (18) 14 (24) 10 (17)

 ER−/PR−/HER2− 30 (17) 6 (12) 13 (22) 11 (19)

Adjuvant therapy – no. (%)

Surgery

 Lumpectomy 87 (50) 30 (53) 26 (45) 31 (53)

 Mastectomy 87 (50) 27 (47) 32 (55) 28 (48)

Chemotherapy– no. (%) 102 (59) 34 (60) 33 (57) 35 (59)

 Anthracycline-containing* 66 (65) 21 (62) 19 (58) 26 (74)

 Herceptin* 24 (24) 6 (18) 10 (30) 8 (23)

Radiotherapy – no. (%) 123 (71) 40 (70) 38 (66) 45 (76)

 Left-sided 65 (53) 20 (50) 22 (58) 23 (51)

Endocrine therapy – no. (%) 123 (71) 39 (68) 40 (69) 44 (75)

 Tamoxifen 46 (37) 12 (31) 18 (45) 16 (36)

 Aromatase inhibitor 85 (69) 30 (77) 25 (63) 30 (68)

Current Medications

 Beta-blockers 26 (15) 8 (14) 12 (21) 6 (10)

 ACE inhibitors 22 (13) 7 (12) 8 (14) 7 (12)
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Characteristic All (n=174) AC (n=57) LET (n=58) NLET (n=59)

 Angiotensin receptor blockers 18 (10) 8 (14) 4 (7) 6 (10)

 Diuretic 39 (22) 11 (19) 19 (33) 9 (15)

 Aspirin/Anti-Platelet 38 (22) 14 (25) 13 (22) 11 (19)

 Statins 40 (23) 12 (21) 13 (22) 15 (25)

 Calcium Channel Blocker 16 (9) 5 (9) 7 (12) 4 (7)

Pre-existing (controlled) cardiovascular conditions – no. (%)

 Coronary artery disease 4 (2) 1 (2) 1 (2) 2 (3)

 Osteoporosis 16 (9) 2 (4) 7 (12) 7 (12)

 Arthritis 34 (20) 14 (25) 12 (21) 8 (14)

 Type II diabetes 23 (13) 10 (18) 5 (9) 8 (14)

 Hyperlipidemia 29 (17) 9 (16) 8 (14) 12 (20)

 Hypertension 76 (44) 27 (47) 28 (48) 21 (36)

 Any 102 (59) 35 (61) 37 (64) 30 (51)

All comparisons p>0.05

*
Exercise behavior defined as the total minutes of self-reported moderate/vigorous exercise per week.

Chemotherapy, radiation, and endocrine therapy rates include only those patients receiving each treatment.

Abbreviations: AC, attention control; LET, standard linear exercise training; NLET, non-linear exercise training; SD, standard deviation; DUMC, 
Duke University Medical Center; MSK, Memorial Sloan Kettering; BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; 
HER2, human epidermal growth factor; ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blockers.
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