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ABSTRACT

Background: Breast cancer (BC) survivors are at high risk for cardiovascular diseases (CV)
due to curative cancer therapies. In non-cancer populations, physical activity (PA) is a first line
treatment for preventing CV disease. This study examined whether more PA was associated
with better submaximal exercise capacity and cardiac function during the first three months of
cancer therapy.

Methods: Participants included 223 women with stage I-11l BC before therapy and after three
months of undergoing treatment and 126 controls. Leisure time PA was reported using the
Godin Sheppard leisure time PA questionnaire. Cardiac function was assessed by cardiac
magnetic resonance, and submaximal exercise capacity was determined by 6-minute walk
distance (6MWD).

Results: On average, women in the BC group were older (55.6 £ 10.9 y vs. 50.6 + 14.1 Yy,
p<0.001). The majority of women with BC were white (n=172, 77%) and had a mean body mass
index of 29.4 + 6.2, which was similar to the control group (28.4 £ 6.8, p=0.19). Women with BC
reported similar PA scores at baseline (24.7 [95% CI: 21.7, 28.0]) relative to non-cancer controls
(29.4 [95% CI: 25.0, 34.2]), which declined to 16.9 (95% CI: 14.4, 19.6) in the BC group at three
months with 60% of women with BC reporting insufficient activity at three months. Among BC
participants, higher PA during the study period was related to a higher submaximal exercise
capacity (6.9 £ 1.6, p<0.001) and lower left ventricular (LV) strain (-0.16 = 0.07, p=0.03). An
increase in activity over the three months was also associated with decreased likelihood of
having chemotherapy-related cardiac dysfunction (-0.02 + 0.01, p=0.03) according to LV strain
change >15%. Women categorized as active were protected from negative changes in exercise
capacity, LV end systolic volume, LV ejection fraction, and LV strain.

Conclusions: PA declined in the first three months of receiving cancer therapy; however,
maintaining PA during cancer therapy mitigated declines in exercise capacity and cardiac

function that are often observed in this population.



INTRODUCTION

Substantial advancements in early detection and medical treatments for women
diagnosed with breast cancer (BC) have increased the current 5-year cancer-related survival
rate to 90% . However, commonly used therapies to treat BC, such as anthracycline-based
chemotherapy (anthra-bC) and chest radiotherapy, have known cardiotoxic side effects
including injury to cardiac myocytes and other cells, increased oxidative stress, and reductions
in left ventricular ejection fraction (LVEF), thereby accelerating the risk for cardiovascular (CV)
disease in these patients, including the development of heart failure (HF) 2°. In fact, CV events
are now the leading cause of morbidity and mortality among women diagnosed with stage I-ll|
BCS7. The improved survival rates of BC coupled with the growing number of women at
increased risk CV, has motivated the investigation of factors impacting the onset and
progression of CV complications to inform intervention strategies to reduce CV events in this
population.

Physical activity (PA) participation may have utility to protect against CV complications in
cancer populations. Strong evidence in non-cancer populations demonstrates higher levels of
PA are associated with a reduction in the risk of CV disease and cancer incident®°. In women
with BC, higher levels of self-reported PA prior to initiating treatment, during treatment, and after
completing treatment are related to lower risk of cancer and cardiovascular mortality?°. There is
a need to investigate if the cardioprotective benefits of PA may impact the onset and
progression of CV complications in BC populations.

In women being treated for BC, often-observed decreases in exercise capacity and
cardiac function may be key factors contributing to their increased risk for CV disease?!13,
Evidence suggests PA participation may improve exercise capacity and cardiac function!*, yet
the few studies investigating PA levels and cardiac function in cancer populations primarily take
place after completion of cancer therapy'®'¢. One study reported modest but nonsignificant

associations between higher amounts of self-reported PA and attenuated reductions of LVEF in



women after completion of BC therapy*®. In a five-year prospective study, women who were
more physically active had fewer symptoms of HF than physically inactive women following
anthra-bC?®®. Preclinical work also demonstrates cardioprotective benefits of exercise in BC
models!!. Thus, PA participation may protect against CV complications, but there is a need to
define longitudinal relationships between PA, exercise capacity, and cardiac function during BC
treatment to inform intervention efforts.

The primary aims of this study were to describe levels of self-reported PA from baseline
to three months after initiation of BC therapy and to test if these changes were related to
submaximal exercise capacity and measures of cardiac function. As a variety of factors impact
PA participation, a secondary aim was to assess if psychosocial and behavioral measures

moderated the change in self-reported PA from baseline to three months of BC therapy.



METHODS

Population

Women enrolled in the UPBEAT (Understanding and Predicting Fatigue, Cardiovascular
Decline, and Events After Breast Cancer) study were included in this secondary analysis
(ClinicalTrials.gov Identifier NCT02791581). UPBEAT is a multi-center prospective cohort study
enrolling women diagnosed with stage | to 11l BC. The study design and rationale along with
detailed inclusion and exclusion criteria have been described previously’. In brief, inclusion
criteria for both groups were age of 18 years or older with independent ambulatory status.
Additional inclusion criteria for the BC group were a diagnosis of stage | to Ill BC, scheduled to
receive chemotherapy, and having an Eastern Cooperative Oncology Group (ECOG)
performance status between 0 and 2. Exclusion criteria included contraindications for
undergoing cardiovascular magnetic resonance (CMR) imaging, if previously-assessed, an
LVEF <50%, current pregnancy or lactation, or uncontrolled metabolic or CV diseases. Women
in the control group had no history of cancer or breast surgery and no previous chemotherapy.
The current study includes data from baseline and the three month visits. In the BC group, visits
were conducted before the initiation of therapy, and after the first three months of receiving

treatment.

Clinical Data Collection

For the BC group, stage at diagnosis was determined according to the 8" edition of the
American Joint Committee on Cancer Staging Manual'®, and medical treatment was retrieved
from patients’ medical records. Participant medical history was ascertained by medical chart
review to document diagnosis of type 2 diabetes, hypertension, hyperlipidemia, and coronary

artery disease.

Physical Activity Assessment



The Godin Shephard Leisure-Time Physical Activity Questionnaire (GSLTPAQ) was used to
measure self-reported PA participation'®. This survey is frequently used in oncology research to
assess leisure time PA%. Participants report weekly participation in mild, moderate, and
strenuous activities. Data for each activity is then multiplied by respective metabolic equivalents
of task (METSs) values and summed to calculate a total weekly leisure score index. Using data
from the moderate and strenuous activity responses, participants were also categorized as
being active (224 units), moderately active (14-23 units), or insufficiently active (<14 units)?®.
The active category is in line with meeting weekly PA recommendations, which are associated

with substantial health benefits?°.

Submaximal Exercise Capacity Assessment

Participants’ submaximal exercise capacity was determined by completing a 6-minute walk test
according to established guidelines?* and measuring the 6-minute walk distance (6MWD). The
6MWD test took place on an indoor track or open corridor with no obstructions, and participants
were instructed to cover as much distance as they could within six minutes at their own pace. All

tests were observed and distances recorded in meters (m) by a trained study coordinator.

Psychosocial and Behavioral Measures

The Functional Assessment of Chronic lliness Therapy Fatigue scale (FACIT-fatigue)
guestionnaire was used to assess fatigue. This questionnaire was self-administered or
administered by a trained interviewer. The survey includes 13 items, and higher total scores
indicate lower levels of fatigue (range 0-52). The Sleep Disturbance (PROMIS SF-8a)
guestionnaire was also completed by participants to self-report sleep disturbances. This 8-item
survey is scored by summing each of the items and higher scores indicate greater sleep
disturbance. Depression was assessed by the Center for Epidemiological Studies Depression

Scale (CESD-10). Perceived stress was evaluated by Cohen’s Perceived Stress Scale (PSS),



and social support was measured using the Medical Outcomes Study (MOS) Social Support

survey.

Assessment of Cardiac Function

The primary measures of cardiac function included LVEF (%), LV end systolic volume (ESV,
mL), LV end diastolic volume (EDV, mL), and LV mean myocardial circumferential strain (LV
strain). Participants underwent a non-contrast 10-15 minute rapid CMR examination at baseline
and three months. Each CMR assessment was analyzed by a core laboratory and CMR
analysts were blinded to patient identifiers, the exam number, and prior CMR exams of the
same measure. A double reading was performed on 15% of the CMR data for quality control.
Participants were also categorized as having chemotherapy-related cardiac dysfunction
(CTRCD) if they exhibited a decline in LVEF by at least 10 points from baseline to three months,
or if the three month LVEF declined below normal (i.e., 50%). Study participants were also
categorized as having cancer treatment-related cardiac dysfunction according to changes in LV

strain if they exhibited a 15% increase in LV strain over the study period.

Statistical Analyses

Descriptive statistics were performed for all variables and summarized as mean + standard
deviation for continuous variables or count and % for categorical variables. The primary
measures of leisure score index (i.e., total weekly PA), exercise capacity, and cardiac function
measures were modeled as continuous outcomes. To account for a non-normal distribution,
leisure score index was square root transformed. Where indicated, self-reported PA was also
categorized as active, moderately active, or insufficiently active. To assess total weekly PA at
baseline and three months in the study groups, a longitudinal linear mixed model was used with
leisure score index as the outcome. Cancer status, age, body mass index (BMI), and visit were

included as main effects, and an interaction term between cancer status and visit tested for a



difference in change over time between the groups. A patient level random effect was also
included in the model. To examine if psychosocial or behavioral measures moderated the
relationships in PA from baseline to three months, interaction terms between each
psychosocial/behavioral measure and study visit were included in separate models. Differences
in proportions of activity groups by visit were examined by chi square tests. Among healthy
controls, no changes are expected within a three month timeframe for exercise capacity or
cardiac function without receiving an intervention. Thus, analyses of relationships between PA,
exercise capacity, and cardiac function were only conducted in BC patrticipants. To test for
relationships among BC participants between PA at baseline and three months to measures of
submaximal exercise capacity (6MWD) and cardiac function measures (LV-ESV, LV-EDV,
LVEF, and LV strain), separate longitudinal linear mixed effects models were used. For each
model, cancer stage, age, BMI, anthra-bC receipt (yes/no), and visit were included as main
effects, and a patient level random effect was also included. Interaction terms between PA and
visit were used to test if change in total PA over time was related to submaximal exercise
capacity or cardiac function. Interaction terms between cancer stage and visit and anthracycline
treatment and visit were also tested. Lastly, multiple logistic regression was used to test if
change in total PA was related to CTRCD, adjusting for age, BMI, cancer stage, anthracycline
treatment, and baseline LVEF/LV strain. Statistical significance for all main effects was based
on a significance level of 0.05, and interaction effects were deemed significant and left in the

model at a significance level of 0.10.



RESULTS

Baseline demographic and clinical characteristics of both study groups are presented in
Table 1. The BC group had a higher average age than the control group (p<0.001).
Race/ethnicity between groups was similar (p=0.80) with White women constituting the majority
of the cohort for the BC (77%) and control groups (80%). The average BMI for both groups was
within the overweight category (29.4 + 6.2 kg/m? for the BC group and 28.5 + 6.9 kg/m? for the
control group, p=0.19). Most women in the BC group were diagnosed with stage Il BC (n=115,
52%), followed by stage | (n=85, 38%), and stage Il (n=23, 10%). Of 223 women in the BC
group, 109 (49%) received anthra-bC. Among comorbidities, there were no differences in

prevalence of chronic disease between groups (all, p>0.05).

Comparisons of baseline and three-month PA between BC and control groups

Baseline and three month data for PA are shown in Figure 1. There was a significant
change in activity score over time by study group (-0.25 + 0.1, p<0.001). At baseline, the BC
and control groups reported similar activity scores (24.7 [95% confidence interval, Cl: 21.7,
28.0] versus 29.4 [95% CI: 25.0, 34.2], p>0.05), but activity scores declined to 16.9 (95% CI:
14.4, 19.6) in the BC group at three months (Figure 1A). BC participants reported a lower
amount of moderate to strenuous activity at baseline compared to the control group (19.0 [95%
Cl: 16.5, 21.5] versus 24.8 [95% CI: 21.5, 28.1]), which significantly declined to 12.9 (95% CI:
10.4, 15.4) at three months. This was due to declines in both strenuous and moderate activity
levels over the study period (Figure 1B).

PA was also described as a categorical outcome and reported as active, moderately
active, and insufficiently active. There was a difference in proportion of activity groups at
baseline (p=0.02) and three months (p<0.001) between cancer and control participants. At
baseline among BC participants, 76 (34%) were considered active, 50 (22%) moderately active,

and 97 (44%) insufficiently active while control participants had 61 (48%) categorized as active,



17 (25%) as moderately active, and 48 (38%) as insufficiently active. By three months, the
proportions of activity groups among BC participants changed (p=0.002) with 49 (22%)
considered active, 40 (18%) moderately active, and 134 (60%) insufficiently active compared to
66 (52%) as active, 26 (21%) as moderately active, and 34 (27%) as insufficiently active in the
control group.

Changes in activity by BC stage and treatment receipt were also examined. There was a
significant interaction by stage at diagnosis and activity over time. Relative to women diagnosed
with stage | BC, control participants had higher activity (0.34 + 0.11, p=0.002) over the study
period while women diagnosed with stage Il BC had greater declines in activity (-0.35 + 0.11,
p=0.002). By treatment, there was a significant change in total PA from baseline to visit two only
between the control group relative to women who received anthracycline (0.34 + 0.09, p<0.001)
while women who did not receive anthracyclines exhibited similar change in activity over time to
women who did receive anthracycline treatment (0.04 £+ 0.09, p=0.66).

Upon examining relationships between psychosocial and behavioral variables and the
change in PA over the study period, only fatigue attenuated the significant decrease in PA over
the study period. Fatigue by study visit was not significantly related to total PA (0.12 + 0.01,
p=0.13); however, the change in PA was no longer significant after accounting for fatigue (0.09
+0.08, p=0.24). Other measures including perceived stress, social support, depression, and

sleep disturbances did not moderate the change in in PA from baseline to three months.

Relationships between PA from baseline to three months and submaximal exercise capacity
Results of the mixed effects model comparing total weekly PA to exercise capacity in BC
participants are shown in Table 2. The relationship between total activity and time was not
significant and was removed from the model (-2.2 + 1.3 [95% CI: -4.7, 0.3]). Exercise capacity
declined over the study period from 473 m at baseline (Table 3, 95% CI: 459, 486) to 454 m at

three months (95% CI: 441, 468). Greater PA levels were associated with higher submaximal



exercise capacity (6.9 = 1.6 m, p<0.001). The relationship between activity and exercise
capacity remained significant (4.3 + 1.4 m, p=0.002) following additional adjustment for fatigue
(1.1 £ 0.4, p=0.002).

Analyses comparing relationships between activity groups and exercise capacity are
shown in Table 4. Figure 2 presents adjusted mean and standard error for each activity group,
and group mean differences from baseline to three months are shown in Table 5. The
relationships between the activity group did not depend on study visit; however, the active group
did maintain a significantly higher exercise capacity relative to the insufficiently active group
(20.6 + 5.8 m, p<0.001) at three months. The insufficiently active group was the only group to

exhibit a significant decline in exercise capacity from baseline to three months (p=0.03).

Relationships between PA from baseline to three months and cardiac function

Relationships between total weekly PA and cardiac function among BC participants are
shown in Table 2. The were no significant relationships between total PA and time for models
with LV-EDV, LV-ESV, and LVEF as the outcomes, so the interaction term was removed from
each model. LV-EDV increased from baseline to three months (2.1 £ 0.8 mL, p=0.01), with an
average increase of 0.7%. Higher PA over the study period (1.2 £ 0.4 mL, p=0.003) was related
to a higher LV-EDV. LV-ESV increased significantly over the study period (2.6 + 0.5, p<0.001)
from 47.3 mL (95% CI. 45.2, 49.3, Table 3) at baseline to 52.5 mL (95% CI: 50.4, 54.7) at three
months for an average increase of 8.7%. PA from baseline to three months was not significantly
related to LV-ESV (0.3 £ 0.2 mL, p=0.18). LVEF among BC participants was (61.0% [95% CI:
59.9, 62.1]) at baseline, but LVEF declined significantly (-1.4 £ 0.3%, <0.001) by three months
to 58.2% (95% CI: 57.1, 59.3). LVEF was not related to total activity over the study period (0.1 +
0.1%, p=0.26). Baseline LV strain among BC participants was -20.1% (95% CI: -20.8, -19.4)
and increased (i.e., worsened) to -17.8% (95% CI: -18.5, -17.1) at three months. Women who

did not receive anthracyclines experienced less deteriorations in LV strain (-0.62 + 0.17%,



p<0.001) relative to women who received anthra-bC. There was a significant relationship with
total PA over time (-0.16 = 0.07, p=0.03) such that women who were more active experienced a
preserved LV strain over the study period. All results with cardiac function measures remained
following additional adjustment for fatigue.

Results of comparisons between activity groups and cardiac function measures are
shown in Table 4 with group means presented in Figure 2, and mean differences for each
activity group are shown in Table 5. For the outcomes LV-ESV, LV-EDV, and LVEF,
relationships with the activity groups by time was not significant, and the interaction terms were
removed from each model. There were no significant increases in LV-EDV by activity groups,
but the active group exhibited the smallest absolute mean change (Table 5). Only the active
group maintained similar LV-ESV values at baseline and three months while both the
moderately active (p=0.03) and insufficiently active groups (p<0.001) had significant increases
in LV-ESV. Regarding LVEF findings, only the insufficiently active group experienced a
significant decline in LVEF from baseline to three months (p=0.002). The relationship between
activity groups and LV strain varied by time (-0.53 £ 0.28, p=0.058). Both the moderately active
(p=0.008) and insufficiently active groups (p<0.001) had significant changes in LV strain (Table

5), while the active group maintained a similar LV strain from baseline to three months.

PA and chemotherapy-related cardiac dysfunction

Of 185 BC participants with CMR data at baseline and three months, 34 (18%) met
clinical criteria for CTRCD according to LVEF, including 19 participants with a decrease in LVEF
below 50% and 26 participants with a decrease in LVEF of at least 10 percentage points.
Women who met criteria for CTRCD reported a lower PA score at baseline (22.8 £ 18.9 vs. 33.0
+ 26.3, p=0.009) and (15.0 vs. 24.5, p=0.006) at three months compared to women with normal
EF. Change in total PA levels over the study period was not related to likelihood of meeting

cardiac dysfunction criteria by LVEF (0.004 + 0.009, p=0.65). Nine women had LVEF baseline



values below 50% and were excluded from the analysis. There was no difference in activity
categories by cardiotoxicity groups at baseline (p=0.6) or three months (p=0.16).

According to CTRCD classifications made by percent change in LV strain, 63 (37%) BC
participants exhibited deteriorations in LV strain of 15% or greater. Women who met criteria for
cardiac dysfunction reported slightly lower PA at baseline (20.3 [95% CI: 15.0, 26.4]) compared
to women who did not meet criteria (27.7 [95% CI: 22.3, 33.6], p=0.05) but similar levels of
activity at three months (16.8 [95% CI: 11.6, 23.1] versus 16.5 [95% CI: 12.0, 21.6], p=0.91). A
difference in distribution of activity groups was also found at baseline with fewer active women
categorized as meeting CTRCD criteria (41% versus 22%, p=0.02). Activity group distribution at
three months was similar (p=0.78). Change in activity over the study period was significantly
related to likelihood of being classified as having CTRCD according to LV strain deteriorations (-
0.02 £ 0.01, p=0.03), suggesting that for every unit increase in activity over the study period, the

likelihood of meeting CTRCD criteria decreased by 2% (odds ratio 0.98, 95% CI: 0.97, 0.998).



DISCUSSION

Women who receive treatment for BC are at increased risk for CV disease. PA
participation decreases the risk for CV disease in non-cancer populations and cancer survivors
post-treatment, however, there is a lack of evidence investigating the relationships between PA
and factors that influence CV disease risk such as exercise capacity and cardiac function in a
cancer population actively receiving treatment. This study reports PA levels before initiation and
through the first three months of cancer therapy and compared longitudinal relationships
between PA and submaximal exercise capacity and cardiac function. Study groups reported
similar levels of PA between control and BC participants at baseline, but PA significantly
declined in the first three months of receiving curative treatment for BC, with 60% of the BC
group reporting insufficient levels of PA. The evidence presented here also suggests a dose-
response relationship of maintaining greater PA participation linked to preserved exercise
capacity and measures of cardiac function including LV-ESV, LVEF, and LV strain, thereby
providing evidence that PA participation during cancer therapy may reduce CV complications
and disease risk.

In line with others who report decreased PA following a BC diagnosis, we report a
decline in PA from pre-treatment through the first three months of treatment initiation620.22.23,
BC participants reported an average activity score of 24.8 at baseline, which was higher than a
recently reported pre-treatment median of 9.0 from a cohort of women with BC treated with
trastuzumab and/or doxorubicin®®. Total PA decreased to 16.9 at three months, which was
attributed to a decrease in moderate and strenuous activity participation. Of the women in the
BC group, 34% were categorized as sufficiently active at baseline, which declined to 22% at
three months, and 60% of BC participants were insufficiently active at three months. Fatigue
was a predictor of activity participation and accounting for fatigue attenuated the significant
decline in PA reported over the study period. Given the strong evidence of the beneficial effects

of PA to improve fatigue, physical function, and CV and cancer outcomes®?4, increasing PA in



this population represents an important target for primary and secondary prevention of CV
disease and recurrent malignancies. These findings suggest that interventions targeting
increased PA levels should also consider targeting fatigue in this population.

Higher PA levels from baseline to three months were related to a greater exercise
capacity, and women who were active at three months had significantly greater exercise
capacity relative to insufficiently active women. Baseline 6MWD values were similar to the
average of BC survivors in a recently published meta-analysis?®. A cross-sectional study of
women across the BC treatment and survivorship continuum detailed that women with BC often
exhibit a lower exercise capacity than control participants and experience significant declines
during cancer treatment'26, Prospective data presented here suggests a dose-response
relationship with PA levels to preserve exercise capacity during cancer treatment. On average,
6MWD declined by 22.5 meters among BC patrticipants, which is considered a major decline in
patients with heart failure?” and meets criteria for a clinically meaningful change in exercise
capacity?®. However, women in the highest level of PA participation did not exhibit declines in
exercise capacity. As exercise capacity is a function of cardiac output and oxygen delivery and
uptake??, these findings suggest that PA participation is acting on one of these elements to
preserve exercise capacity. Declines in exercise capacity are common during BC therapy*!, and
one intervention has shown that targeting increased PA in BC patients receiving treatment led to
improvements in exercise capacity measured by 6MWD?°. Together with previous work
demonstrating positive effects of PA on physical functioning?*, psychosocial measures®, and
physical fitness®, findings here contribute evidence that maintaining PA levels during cancer
therapy helps to retain exercise capacity, an independent predictor of mortality®2.

In line with other studies detailing acute changes in cardiac function with BC therapy3328,
findings reported here demonstrate significant declines in LV systolic function within the first
three months of receiving cancer therapy. LVEF decreased significantly due to increases in LV-

ESV with concomitant increases in LV-EDV. These changes are in line with work from our group



and others showing early deteriorations in cardiac function with administration of cancer
therapies®*28, Total PA was not related to LVEF or LV-ESV; however, differences were
observed by level of activity. Women who reported meeting moderate and strenuous PA
guidelines experienced the greatest benefits for mitigating declines in cardiac function. Women
in the active category were the only group to maintain LV-ESV from baseline to three months
and did not exhibit significant declines in LVEF during the study period. These findings suggest
that greater moderate and strenuous PA patrticipation helps to retain cardiac function, which is
an important factor determining exercise capacity.

Results reported here also demonstrated that individuals who continued PA participation
throughout the first three months of receiving cancer therapy experienced an attenuated
deterioration in LV strain. Women in the active category were the only activity group to preserve
similar LV strain values from baseline to three months. Further, individuals who maintained
activity over the study period were less likely to meet LV strain criteria for CTRCD. LV strain is a
sensitive indicator of subclinical LV dysfunction and may increase secondary to increased LV-
ESV or decreased LV-EDV**3, LV strain may provide earlier detection of LV dysfunction
relative to evaluations of LVEF, which has important implications for guiding clinical decision
making for administering cancer and cardioprotective therapies*. In line with this, compared to
18% of BC participants who met CTRCD criteria by LVEF, CTRCD based on changes in LV
strain identified 37% of women with BC who met criteria. Findings reported here support that
greater total PA participation and meeting moderate and strenuous PA recommendations may
help to preserve LV function via protection of LV strain during the first three months of cancer
therapy.

Findings regarding LV strain, LVEF, and LV-ESV are some of the first in a human
population actively receiving cancer treatment to support previous preclinical work
demonstrating a cardioprotective effect of exercise in the context of receiving cancer

treatment!!. These preclinical studies, which used an anthracycline-induced model of



cardiomyopathy, have demonstrated cardioprotective benefits of exercise such as
improvements in LV function 1. However, less evidence is available in humans. One
prospective study linked higher baseline PA to a positive change in LVEF over cancer
treatment!®. An intervention in women undergoing trastuzumab treatment for BC reported a
decline in LVEF despite participation in aerobic training in the first four months of receiving
trastuzumab*!. Two recent pilot randomized controlled trials reported attenuated decline in
cardiac function with a bout of exercise performed prior to receiving doxorubicin*?, and improved
LVEF in the exercising group relative to controls*. In total, preclinical and limited clinical work
suggests that exercise may be an effective strategy to prevent or mitigate the adverse effects of
cancer treatment on cardiac function, and findings reported here corroborate this evidence.
Strengths of this study include the prospective design, which allows for establishing
temporality between exposures and outcomes. This study also used cardiac function assessed
by CMR, a gold standard technique due to its high spatial and temporal resolution, noninvasive
nature, and lack of ionizing radiation. Limitations of the study include the use of self-reported PA
data. Despite the survey being validated in BC populations against accelerometers*4,
overestimation of PA patrticipation may have occurred and use of accelerometry data would
provide an objective and accurate measure of PA dose and frequency. Women in this study
were enrolled shortly after receiving a BC diagnosis. This may result in selection bias of
healthier women being more compelled to enroll and may not be reflective of the entire BC

population.

Conclusions

The findings of this project may have important clinical implications providing evidence
that PA may preserve exercise capacity and reduce cardiac dysfunction and cardiotoxicity
among women undergoing treatment for BC. On average, self-reported PA declined from pre-

treatment through the first three months of treatment; however, higher PA levels throughout the



study period were associated with greater exercise capacity and attenuated reductions in
cardiac function in the first three months of receiving treatment for stage I-11l BC. Continued
study will determine if these relationships persist throughout the entirety of receiving treatment

for BC.

Funding: Data collection was funded by the Wake Forest NCORP Research Base grant
2UG1CA189824 with support of the NCI Community Oncology Research Program (NCORP).
Additional funding for this study was provided by grants from the National Institutes of Health,
National Cancer Institute (RO1CA199167 and T32CA093423).

Clinical Trial ID: NCT02791581 for WF97415 UPBEAT



Table 1. Baseline demographic and clinical characteristics

Breast Control
Cancer N=126 p-value
N=223
Age at baseline, years 55.6 £10.9 | 50.6 + 14.1 <0.001
Race 0.73
White 172 (77) 101 (80)
Black 38 (17) 18 (14)
Other (Asian, Native Hawaiian, or
not reported) 13 (6) 7(6)
Ethnicity 0.80
Hispanic or Latino 2(1) 2 (2)
Stage at diagnosis
I 85 (38)
Il 115 (52)
Il 23 (10)
Anthracycline receipt 109 (49)
BMI (kg/m?) 29.4+6.2 28.4 + 6.8 0.19
History of hypertension 61 (31) 18 (21) 0.13
History of hyperlipidemia 66 (33) 27 (31) 0.57
History of coronary artery disease 1(1) 1(1) 0.67
History of diabetes 16 (8) 5 (6) 0.63

Data are presented as unadjusted means + SD or n (%).
Medical history included 199 participants in the breast cancer group and 88

participants in the control group

Abbreviation: BMI, body mass index
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Figure 1. A) Total weekly physical activity at baseline and three months for breast cancer and
control participants. B) Total weekly strenuous, moderate, and mild physical activity at
baseline and three months for breast cancer (BC) and control participants.



Table 2. Physical activity (leisure score index™) from baseline to three-months related to measures of exercise capacity

and cardiac function in breast cancer participants

Predictor Exercise capacity LV end diastolic LV end systolic LV ejection LV strain
volume volume fraction
Beta + Beta * Beta + Beta + Beta +
SE (95% ClI) SE (95% CI) SE (95% CI) SE (95% CI) SE (95% CI)
Visit 9.1+ (-16, - 2.2+ (0.5, 2.6+ (1.7, -1.38+ | (-2.0,- 1.2+ (0.8,
35 2.2)** 0.8 3.8)* 0.5 3.6)*+* 0.3 0.8)*** 0.2 1.6)***
Stage 3 14.3 + (-5.6, 5.7 + (-0.1, 2.0+ (-1.3, 0.4 + (-1.2, -0.39 + (-1.36,
9 10.1 34.2) 2.9 11.4) 1.7 5.3) 0.8 2.0) 0.49 0.58)
-8.8+ (-22.7, 6.1+ (-10, - 24+ | (4.6, - -0.2 + (-1.3, 032+ |,
Stage 2 7.0 5.0) 2 21y | 1.2 0.1)* 0.6 0.9) 035 | (036, 10)
N 5.5+ (-17.3, 3.6+ (0.8, 2.6+ (1.0, -1.0 + (-2.0, 0.57 + (-0.12,
*
Visit * Stage 3 6.0 6.4) 1.4 6.4)* 0.8 4.3y 05 0.1) 0.35 1.25)
. 7.3+ (-15.4, 31+ | (-50,- | -1.0+ (-2.1, -0.3+ (-1.0, 0.003 + (-0.48,
*
Visit * Stage 2 41 0.8) 1 1.1)= 0.6 0.2) 0.4 0.4) 0.24 0.48)
Age 2.3+ (-3.2, - 07+ | (-09,- | -04% | (-0.6, - 0.1+ (0.1, -0.07 + (-0.11, -
9 0.4 1.5)*+* 0.1 0.4)*** 0.1 0.3)**+ 0.04 0.2)**+ 0.02 0.03)**
Bodv mass index | 3-9% (-5.3, - 1.3+ (0.9, 0.4+ (0.2, 0.1+ (-0.1, 0.05 + (-0.02,
y 0.7 2.4)*+* 0.2 1.7)%* 0.1 0.7)*** 0.1 0.2) 0.04 0.12)
Leisure score 7.1% (4.0, 1.2+ (0.4, 0.3+ (-0.2, 0.2+ (-0.1, 0.05+ (-0.12,
index+ 1.6 10.1)*+* 0.4 2.0)** 0.2 0.7) 0.1 0.4) 0.08 0.21)
Leisure score i ) ) ) i i i ) -0.16 + (-0.29, -
index* * Visit 0.07 0.02)*
Anthracveline -0.02+ | (-10.0, 1.3+ (-4.1, -0.7 + (-2.4, 0.2 + (-0.6, 0.44 + (-0.05,
y 5.1 10.0) 1.5 1.6) 0.8 0.9) 0.4 1.0 0.25 0.92)
Anthracycline * i ) ) ) i i i ) -0.62 £ (-0.96, -
Visit 0.17 0.28)***

*p<0.05; **p<0.01; **p<0.001

Visit variable compares visit 2 (three months) to visit 1 (baseline). Anthracycline variable compares no anthracycline treatment to
receiving anthracycline treatment.
* square root transformed
Abbreviations: SE, standard error; Cl, confidence interval; LV, left ventricular
All models include a patient level random effect




Table 3. Exercise capacity and cardiac function measures at baseline and
three months in breast cancer participants

Breast Cancer Group

Breast Cancer
Group

Baseline Three months
Mean (95% C1) Mean (95% ClI)
N=223 N=223
Exercise capacity (meters) (4537286) (44115368)
LV end diastolic volume (mL) (1171120i724 3 (121125.1128 .
LV end systolic volume (mL) 45 ‘;7'29 3 (50 i2-554 .
LV ejection fraction (%) (59 gllgz D 57 i&gg 3
- -20.1 -17.8
0,
LV strain 06) (208, -19.4) (185, -17.1)

Data are presented as adjusted means and 95% confidence intervals or n (%). All
data are adjusted according to the full models presented in Table 3.
Abbreviations: Cl, confidence interval; LV, left ventricular




Table 4. Activity groups from baseline to three-months related to measures of exercise capacity and cardiac function in
breast cancer participants

Predictor Exercise capacity LV end diastolic LV end systolic LV ejet_:tion LV strain
volume volume fraction
Bea* | (s | BE2* | (@swcy | Bhat (%5;)% e | eswcn | P2t | (95% Cl)
Visit -89+ | (-15.9,- 21+ (0.5, 2.6+ (1.7, -1.4 + (-2.0, - 1.1+ (0.7, 1.5)
3.5 2.0)* 0.8 3.8)* 0.5 3.6) 0.3 0.8)*** 0.2 T
Stage 3 149+ (-5.2, 55+ (-0.3, 20+ (-1.3, 0.37 (-1.22, -0.4 + (-1.4,
10.2 34.9) 2.9 11.3) 1.7 5.2) 0.81 1.97) 0.5 0.6)
Stage 2 -8.4 + (-22.3, -6.0+ | (-10.1,- | -24+ | (-46,- | -0.17 % (-1.28, 03+ (-0.4,
7.1 5.5) 2.0 2)** 1.2 0.1) 0.57 0.95) 0.3 1.0)
Visit * Stage 3 56+ (-17.5, 3.8+ (1.0, 2.7+ (1.0, -0.93 + (-1.95, 05+ (-0.1,
6.0 6.3) 14 6.6)** 0.8 4.3) 0.52 0.09) 0.3 1.2)
Visit * Stage 2 -83+ | (-16.5,- | -3.2+ (-5.1, - -1.0+ (-2.1, -0.35+% (-1.06, 0.1+ (-0.4,
4.1 0.2)* 1 1.2)** 0.6 0.2) 0.36 0.35) 0.2 0.5)
Age 2.3+ (-3.2, - -0.7 + (-0.9, - -04+ | (-0.6,- | 0.13% (0.05, -0.07+ | (-0.12, -
0.4 1.4)*** 0.1 0.4)*** 0.1 0.3) 0.04 0.2)*** 0.02 0.03)
Body mass index 3.7+ (-5.1, - 1.1+ (0.8, 04+ (0.2, 0.02 + (-0.1, 0.05+ (-0.02,
0.7 2.3)*** 0.2 1.5)%** 0.1 0.7) 0.06 0.13) 0.04 0.12)
Active group 20.6 = (9.2, 26+ (-0.4, 1.0+ (-0.7, 0.05 = (-0.93, 03+ (-0.3,
5.8 32)xx* 15 5.6) 0.9 2.8) 0.5 1.03) 0.3 1.0)
Moderately active 18+6 (-13.5, 1.6+ (-1.5, 0.1z (-1.6, 0.32+ (-0.69, -0.4 (-1.1,
group T 9.9) 15 4.6) 0.9 1.9 0.51 1.33) 0.3 0.2)
Active group * Visit -05% (-1.1,
i i i i i i i i 0.3 0.02)
Moderately active 04+
group * Visit i j j j ] ] ] i 0.3 (-0.2,1)
Anthracycline 05+ (-9.6, -1.6+ (-4.5, -0.8+ (-2.4, 0.18 + (-0.63, 0.4+ (-0.1,
5.1 10.5) 15 1.4) 0.8 0.8) 0.41 0.98) 0.2 0.9)
Anthracycline * Visit - -0.6 + (-0.9, -
j ] j ] ] ] j 0.2 0.3)***

*p<0.05; **p<0.01; ***p<0.001
Visit variable compares visit 2 (three months) to visit 1 (baseline). Anthracycline variable compares no anthracycline treatment to
receiving anthracycline treatment.
Abbreviations: SE, standard error; Cl, confidence interval; LV, left ventricular




| Insufficiently active participants were the reference group in all models. All models include a patient level random effect
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Figure 1. Measures of exercise capacity and cardiac function at baseline and three months among breast cancer participants
categorized as active, moderately active, and insufficiently active. Adjusted mean and standard error are plotted for each graph. For
each figure, baseline values are shown with an open circle, and three month values are shown with a solid square.



Table 5. Mean differences among physical activity groups from baseline to 3 months for exercise capacity and cardiac

function

LV end diastolic

LV end systolic

Activity group Exercise capacity LV ejection fraction LV strain
volume volume
MD + SE value |MDESE| . |MDtSE| . o |MD:SE| . IMD*SE| .
(m) P my | P my | P @) |P @) P
Active 7+12 0.99 23+£29 | 097 | 39+17 023 |-24+10| 02 |12+07] 052
Moderately active | .10+ 15 0.99 80+34| 023 |65+21 0.03 |-23+13| 045 |3.0+0.9 |0.008
g‘csti‘ffgc'em'y 29 + 10 003 |44+23]| 037 |58+13 | <0001 |-32+08| 0002 |25+05 [<0.001

Abbreviations: MD, mean difference; SE, standard error; LV, left ventricular
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