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Talk Outline

* Brief Overview of Exercise Oncology

« UNC Get REAL & HEEL Breast Cancer Rehabilitation
Program

* UNC Get REAL & HEEL Research Study (Cardiovascular
Outcomes)

« Recommendations for Future Research
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Exercise Oncology Through the Years

Twenty-Five Years of Research on the Effects of Exercise
Training in Breast Cancer Survivors: Battaglini C.L., et. al.,
2014, World J Clin Oncaol

“...based on the current data available
In this area, exercise training appears
to be safe for most patients and

iImprovements_in physiological,
psychological, and functional
parameters can be attained with

reqular participation in moderate
Intensity exercise”

WJ' 6’ 0 World Journal of
' Clinical Oncology

RETROGPECTITE U7

Twenty-five years of research on the effects of exercise
training in breast cancer survivors: A systematic review of
the literature

oty Carl Mackney




The Independent Effects of Strength Training in Cancer
Survivors: A Systematic Review: Hanson, E., Wagoner, C.,
Anderson, T., Battaglini, C.L. 2016, Curr Oncol Rep

Systematic review investigating resistance

training outcomes across various cancer
survivor populations

Resistance Training Outcomes

Overall Muscular 0
Strength +25-50%

Physical Function + 7 —-38%
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The Independent Effects of Strength Training in Cancer

Survivors: a Systematic Review
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ABSTRACT
Backgronnd. We conducted a meta-analysis to deter-
mine the effects of supervised exercise training on peak
Oy gen consumption [\'-Ulpuﬂ in adults with cancer.

Methods. A literatore review nsing Ovid MEDLINE
(1980-2010), the Cochrane Central Register of Con-
trolled Trials (1991-2010), AMED (1935-2010), Em-
base (1988-2010), PobMed (1966-2010), Scopus
(195020107, and Web of Science | 1950-2010) was per-
formed to identify randomized controlled trials exam-
ining the effects of supervised exercise training on
measurement of Vi, (via gas exchange analysis) in
adults with cancer. Studies were selected using prede-
termined criteria, and two independent reviewers ex-
tracted data. Weighted mean differences (WMD) were
calculated using random effect models.

Results. Six studies evaluated VOy,,, involving a to-
tal of 571 adult cancer patients (exercise, n = 344; usunal
care control, 8 = 227). Pooled data indicated that exer-

cise training was associated with a statistically signifi-
cant increase in VO, (WMD, 2.90 ml-kg ™ "min~';
95% confidence interval [CT], 1.16—4.64); however, sig-
nificant heterogeneity was evident in this estimate (I°,
87% ). Usual care (control) was associated with a signif-
icant decline in Y0y, from haseline to postinterven-
tion (WMD, —1.02 mli-kg ™ "min~"; 95% CI, —1.46 to
—0.58; I°, 22%). Sensitivity analyses indicated superior
improvements in ‘\u-'Ol'H_l= for studies conducted for a
shorter duration (<4 months) and following the com-
pletion of adjuvant therapy (p-values < .001). Exercise
training was not associated with a higher incidence of
adverse events, although safety was not rigorously mon-
itored or reported.

Conclusions. Supervised exercise training is assod-
ated with significant improvements in ¥ 0y, follow-
ing a diagnosis of early-stage cancer, with minimal
adverse events. The Onoologizt 201 1:16:112-120

Effects of Exercise Training on Peak Oxygen Consumption in
Patients with Cancer: A Meta-Analysis, 2011, The Oncologist

Clearly, more studies are required to inform
such guidelines, but simply increasing the
absolute number will not address the
current limitations. Instead, in order to
advance the field, it is critical that the next
generation of studies logically build on and
extend current scientific knowledge in
homogeneous patient populations/settings

applying rigorous RCT methodology.

Limited evidence is currently available to
suggest that the exercise VO,peqq
relationship is different based on exercise
intervention or clinical patient
characteristics.



Bottom Line

Exercise maintains and/or improves physical performance
— Aerobic
— Strength
— Combined
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Get REAL and HEEL'’s Purpose

Cognitive
Function

EXERCISE

Well Muscular
Being ==\ Strength

Aerobic
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~ 100 patients /
week

To date

Over 2000

15 Patients patients served
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Structured Group Exercise

Combination of aerobic exercise and
resistance training

/am —1pm
3:30pm — 8:30pm UNG 1



Exercise Prescription: Typical Session

Exercise Session Example

: : Aerobi
1. Resting Vitals Treariﬁir:;

Stretching 40%

2. Aerobic Exercise 15%
Resistance

Training

3. Stretching (whole body) 40%
4. Weight Training

5. Cool Down (Stretches &
Relaxation)




Exercise and Survival After a Cancer
Diagnosis: Biological Mechanisms

Cardiopulmonary Sex Oxidative
| Metabolism Hormones Others Damage

|

QOL
Recurrence
Survival




Get REAL & Heel Breast Cancer Research Program
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Aerobic Exercise Intensi
Cancer Patients: A Preli
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- Energy Substrate Oxidation and
Purpose: This study compared the heart rate (HR), ra
perceived exertion (RPE), and blood lactate (BL) respo Blood Lactate Responses

to aerobic exercise between posttreated breast ca

patients and apparently healthy, age-matched cont
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Abstract
The aim of this study was to compare select aspects of e;

with that of healthy controls across a variety of exercise Effect of Exercise Training on Peak Oxygen Consumption in Patients
matched with healthy women based on age, physical fitng = &
with Cancer: A Meta-Analysis
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Claudio Battaglini, PhD, Fiona Naumann, PhD, AEP, RCEF, MESSA, Diane Groff, EdD,
Edgar Shields, PhD, A.C. Hackney, PhD, DSc, and Jeffrey Peppercorn, MD

Cardiopulmonary
Metabolism

ceurate and reliable assessment of body
composition often is an integral component
in the identification of clinically high-risk
opulations and is used in an attempt to
i prevent and manage certain chronic dis-
eases (Heyward, 2006). Breast cancer survivors are a
clinical population who frequently experience extremely
altered body composition (e.g., changes in body fai [BF]
percentage, muscle mass, bone mineral density) after ﬂﬁlhpds: Body fat (BF) percentage was estimated via bio-
diagnosis and treatment, Because of these alterations, electric impedance analysis {BIA), air displacement pleth-

N - s N . ysmography [ADP), and skinfold thickness (SKF) using both
it can be benefictal and clinically appropriate for body | e and seven-sit algorithms, where reliability of the

purpose/Ohbjectivest To examine and compare the reli-
ahility of four body composition methods commonly used
in assessing breast cancer survivors.

Design: Cross-sectional.

Setting: A rehabilitation facility at a university-based com-
prehensive cancer center in the southeastern United States

Sample: 14 breast cancer survivors aged 40-71 years.

composition monitoring to be conducted during and methods was evaluated by conducting two tests for each
5 survivs tost 1 and test 2. one immediately after the other.




The Effects of an Exercise
Program in Leukemia Patients
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impact of exercise on selected physiologi —
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ORIGINAL ARTICLE
Cardiopulmonary fitness in patients undergoing hematopoietic
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Hematopoietic cell transplantation (HCT) is a fe-saving treatment for patients with Bial Blood Marrow Transplant xxx (2013) 1-10
Prognostic measures to determine fitness for HCT are needed to inform decision-mal
measuring gas exchange during cycle ergometry and has not been studiedas a prog
allogmmc HCT patients underwent VOz,.. and 6 Minute Walk (6MW) testing befor

lated quality of life (HRQOL) before HCT and concluding at Day

{esting. Pre-HCT VOppuqy Was positively correlated with pre-HCT 6MW (r = 0.65, P< 04 FeaSlblhty Of Frequent Patient_Reported Outco]‘ne

chemotherapy regimens and months of chemotherapy. Patients with lower VOz ek

e et e e e s et oo v Surveillance in Patients Undergoing Hematopoietic

more hospitalized days before Day 100 (entire cohort: median 33 vs 19, P= 0.003; al . % i
P=0.004). VOspuus pre-HCT i feasible and might predict symptom severity, thooL afl C 2]} Tl‘ansplantatlon il e
Bone Marrow Transplantation advance online publication, 15 April 2013; dok10.1038] e 1,4 9 RIS
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Cancer-Related Fatigue and Muscle ©TheAatariy 2017

ity i in” i b comomalsParmisions s
Quality in Hodgkin’s Lymphoma Survivors  pericnimbramson.

journals. sagepub. com/homelict

@SAGE

Filipe Dinato de Lima, MSc', Martim Bottaro, PhD',

Riti e Oliveira Valeriano, MSc', Lorena Cruz, MSc',

Claudio L. Battaglini, PhD, FACSM?, Carlos Alexandre Vieira, PhD?,
and Ricardo Jacé de Oliveira, PhD'

Abstract

The purpose of this study was to compare fatigue, strength, bedy composition, muscle thickness, and muscle quality
between Hodgkin's lymphoma survivors (HLS) and apparently healthy subjects matched by age, gender, and physical activity
levels (CON). Twelve HLS (32.16 + 8.06) and 36 CON (32.42 & 7.64) were enrolled in the study. Fatigue was assessed
using the 20-item Multidimensional Fatigue Inventory, muscle strength using an isckinetic dynamometer, body composition
using dual-energy X-ray absorptiometry, and thickness and muscle quality using B-mode ultrasound. Differences between
HLS and CON were analyzed using independent samples t tests. No significant differences were observed between groups
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Impact of community-based exercise program participation on
aerobic capacity in women with and without breast cancer
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Why aerobic capacity?

-Significantly reduced (~30%) in cancer patients®:’

-Critical impact on:

mLekg 'min

Cancer survival®>®
Cardiovascular morbidity’
All-cause mortality’
Independence’

Quality of life®

$31% 1 31% l 22%* 4 33%

30 -+

28 T

26+ |
24

22 -

20 -
18 -
16 -
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12 . :

I

11 1 [

|

Before During After Metastatic '

Treatment Treatment Treatment




Exercise Tolerance in Persons with Cancer
L

Cavses of exercise intolerance Components of the oxygen cascade Outcome
+ Ageing
Age-related exercise limitation + Deconditioning
+ Comorbid disease Pulmaonary diffusion
Cardiac function Exercica tol
z ®| Vascular function and bload compasition g T
« Surgery Skeletal muscle function
. : + Radiation
Disease pathophysiclogy and B

therapy-related dysfunction

+ Hormone therapy
» Angiogenesis inhibition

The potential causes of exercise intolerance in persons diagnosed with cancer. In brief, cancer patients are
subject to the effects of normal ageing, age-related and/or disease-related comorbid conditions, and
deconditioning that adversely impact components of the O, cascade leading to reduced exercise tolerance.

These normal consequences are, however, dramatically compounded by the effects of conventional and

modern cancer therapies which lead to marked reductions in exercise tolerance predisposing to serious
health conditions that may shorten survival.

Jores et al. Lancet Oncology, 2009



What are Typical Values of VO2,,.,, in Cancer Patients?

40 - ! 520 1 36% 1 28% 1 33% 132%

= 30 -
£
o
-
£
&~ 207
>
10
07 T T T T T T T T 1

HGG early NSCLC early BC adv NSCL adv BC

Abbreviations: HGG, high grade glioma; age pred, age-predicted VO2peak, NSCLC, non-small cell lung cancer; BC, breast cancer, adv, advanced.

VO2peak levels as measured across several studies. As shown, mean VO2peak levels across the majority of cancer sites are appioximately

30% below age-matched sedentary normative values. The only group found to be even lower was patients diagnosed with high grade glioma

(primary brain tumors). The red dashed line represents what is considered to be the VO2peak for minimally independent living. As shown, the
majority of cancer patients are just above this threshold.



Cardiorespiratory Fitness and Cancer

>0 45.9
® 38.9
;‘2 35 —
; 29.8
= % Greatest fit group (Q4)
s 2 had a 59% reduced risk
S 20 of cancer mortality when
< 5 compared to the lowest
é 10 fit group (Q1)
¢
&
@)
> Q1 Q2 Q3 Q4
BVO2peak

Cardiorespiratory Fitness and Cancer Mortality in Japanese Men: A
Prospective Study: Sawada et. al, 2003, MSSE



Importance of VO2peak in cancer patients

r VO2Zpeak D
Variable
Post-Tx LVEF 0.63 <0.001
Resting HR, bpm - 0.25 0.224
BMI, kg/m? —0.63 <0.001
HDL, mmol/L 0.53 0.007
Fasting insulin, mU/L - 0.59 0.003
Glucose, mmol/L —-0.64 0.001
QOL 0.59 <0.001
Fatigue -0.53 0.030

Abbreviations: post-tx, LVEF, post-treatment left ventricular ejection fraction; HR, heart rate; BMI, body mass index; HDL, high density lipoprotein,
QOL, quality of life.

This table displays the relationship between VO2peak and various other pertinent outcomes in women
diagnosed with breast cancer. As shown, VO2peak is positively associated with LVEF (cardiac function)
and QOL whereas VO2peak is inversely correlated with other outcomes. Overall, this data
demonstrates that higher VO2peak is associated with more favorable outcomes in breast cancer
patients



Spread PA
throughout

the week

American
Cancer
75-150 :
eyl Society PA
(Lol Guidelines for
Cancer
Prevention

\=d

M

150-300
minutes of

American Cancer Society Guidelines on Nutrition
and Physical Activity for Cancer Prevention: Rock
et. al., 2020, CA Cancer J Clin

Campbell KL, Winters-Stone KM, Wiskemann J,
May AM, Schwartz AL, Coumeya KS, et al.
Exercise Guidelines for Cancer Survivors:
Consensus Statement From International
Multidisciplinary Roundtable. Med Sci

Sports Exercise (2019) 51(11):2375-90.




UNC Get REAL & HEEL Research Study
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Get REAL & HEEL Research Study

Can we measure how and how much GR&H
Impacts cancer survivors?



Multidisciplinary Team

Dr. Battaglini

UNC Graduate Students
GR&H Exercise Trainers
GR&H Program Staff
UNC Undergrad Research Assistants

Dr. Hanson

DJ Amatuli . _
Stephanie Sullivan

Dr. Piepmeier Dr. Lee Dr. Wagoner

Dr. Jensen



» Aerobic capacity (VO2peak)

Physical
Performance

 Strength (HUMAC)
« Balance (NeuroCOM)
* Functionality (6MWT, TUG)

)

~

* Vascular (XCEL, NIRS)

Structural
Components

Body Comp (DXA)
Muscular (Ultrasound)

Immune system
Inflammatory markers
Molecular aging (p16)

Cognition
Memory
Self-Efficacy
Depression, Anxiety

)

Sleep, Insomnia
Pain
Peripheral Neuropathy

~

)

Clinical
Record

Stage, grade
Systemic therapy
Local therapy

~

(EMR)
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Oxygen Cascade

Pulmonary diffusion

Capillary bed of lungs where
gas exchange occurs

Pulmonary arteries Pulmonary veins

Aorta and branches

*Delivery

Vlena cavae

Left atrium

Aerobic
Capacity
(VO,)

Left ventricle
Right atrium —

Right ventricle — Systemic arteries

Systemic veins —

B Oxygen poor,

*Tran S po rt €0, - rich blood

B Oxygenrich,
002 - poor blood

Capillary bed
of all body

tissues where
gas exchange
occurs

*Extraction/Consumption




Purpose

To characterize aerobic capacity and
contributing components of the O, cascade
In breast cancer survivors following completion
of their primary treatment, and determine the
Impact of GR&H on changes in these profiles



Aim 1: Characterize aerobic capacity, CV-related
components of the oxygen cascade, and their association
with VO, at baseline between BCS and otherwise
healthy controls

BCS Controls

Central/Cardiac

Conduit éerOb_iC
Vascular/Blood apacity
(VOZpeak)

Central/Cardiac

Aerobic Sardi
Capacity Vascular/Blood
(VOZpeak)

Periphery Periphery

Systemic VO,pea Systemic VO, ea




Aim 2: Determine the effect of a community-based exercise
program on aerobic capacity and CV-related components of the
oxygen cascade between BCS and otherwise healthy controls

PRE

Central/Cardiac

Conduit
Vascular/Blood

Periphery
Systemic VO, eax

Central/Cardiac

Conduit
Vascular/Blood

Periphery
Systemic VO, eqx

BN |G REAL * HEEL

—

—

*Adherence/compliance
*Previous PA engagement

POST

Central/Cardiac

Conduit
Vascular/Blood

Periphery
Systemic VO, eqx

Central/Cardiac

Conduit
Vascular/Blood

Periphery
Systemic VO, eqx




Exploratory Aims: Determine baseline components of
the oxygen cascade that predict exercise response In
terms of VO,peqk

“Responder”

Central/Cardiac

Conduit
Vascular/Blood

A VOZp eak

SRRy “Non-responder”

Systemic VO, eqx

Clinical factors

* Tumor characteristics

» Treatment types and duration
* Time since Dx and/or Tx



.
Methods

UNC Get Real &
Baseline HEEL Immediate Post- 6 mo 12 mo
Tests — Exercise —  Intervention — Follow-up Follow-up
( 3 days) Intervention (3 days) (3 days) (3 days)
(16 weeks)

Inclusion Criteria

Early stage (O-Ill) Breast Cancer survivors (n=20)

= 21 years old

< 1 year of completing primary cancer therapy

No overt cardiovascular, musculoskeletal, neurologic pathologies
Oncologist and Cardiologist approved

Comparison group = “healthy”, no known pathology




Body composition Vastus lateralis size and composition Resting ECG

4
£

Timed Get Up and Go (TUG) Test:
i ; 20 aA3 i [ ] ® ® 5
/‘ / I'?\':‘ﬂ —RR>
| Fl. 5
‘ ‘ ¢ . { - 1 10 ft.

6 Minute Walk Test Timed Up and Go

HUMAC MO

T Familiarizaion ~ Strength Familiarization



Isometric / Isokinetic Strength Test

VOgypeak TESt + NIRS




Day Three

(subset)

Baseline blood draw

Intermittent cycling at
60% Max Wattage

Immediately post-exercise
blood draw

1 hour post-exercise
blood draw

pl6 (biomarker of aging)
Immune biomarkers
Inflammation biomarkers
CBC




Delivery and Transport

Arterial Stiffness (PWV) Augmentation Index Buckberg Index

PP

AT Y

DBP systole
PWV=L/AT Y DPTI . Supply

SPTI Demand

cAIx=AP/PP



Results (n=20)

Demographics Mean (SD)

Age (yr) 58 (9.6)
Height (cm) 166 (8)
Weight (kg) 75 (15)

20% |
Stage 50% I
30% Il
Hormone Receptor 80% Pos
HER?2 35% Pos
75% Lumpectom
surgery 25% Masrt)ectom;/
Chemotherapy 70% Yes
Radiation 80% Yes

Chemo + Rad 55%




(n=20)
Parameter Pre Post Change P-value
Weight (kg) 75.2 (15) 76.5 (14.5) 1.3 0.19
%BF 40.7 (7) 39.4 (7) -1.3 0.06
RHR (bpm) 66 (8) 62 (8) -4 p<0.01
Systolic BP (mmHg) 128 (14) 127 (14) -1 0.36
Diastolic BP (mmHg) 79 (7) 78 (8) -1 0.4
PWV (m/s) 7.7 (1) 7.9 (1.8) 0.2 0.68
Alx @ 75 25.8 (13) 22 (13) -3.8 0.17
Buckberg Index (%) 146 (26) 153 (27) 7 p<0.01
VO2peak (MI/kg/min) 21.8 (5) 22 (5) 0.2 0.46
Max HR (bpm) 157 (16) 155 (15) -2 0.75
Max Wattage 118 (26) 133 (27) 15 p<0.0001
Lactate 6.1 (1.6) 7.4 (2.3) 1.3 p<0.01
TTE 9:37 10:36 1:00 p<0.0001




Something Interesting to Think About:

C (6) D (23)
Age 63 59
Race White
Body Fat 41
Meno Status Post
BC Stage 2 1
BC Tumor ER+/HER2- ER+/HER2+
Chemo None Taxol, Herceptin
Radiation None
Delta PWV 1.05 -0.3
Delta Buckberg -3 -4.5
Delta TTE 1:39 0:15
Delta VO, 6.8 [ 33 |
Delta Watts 25 3
Delta 6MWT 126 18




Takeaways

While exercise can be beneficial, one size does not
fit all
Impact of exercise on specific physiology of BCS still TBD

Means/averages can mask very important clinical implications

Optimal patient-centered care must recognize the outliers

and
adapt training/care programs



Recommendations for Future Research

* What are the vulnerable components of the O, cascade
driving VO, impairments?
« Can a specific (exercise) intervention help?
— Prehab before cancer therapy?
— Minimize CVD development?

» Long-term cardiovascular surveillance



Recommendations for Future Research Cont.

e Characterize CV profiles pre-treatment
 Impact of specific therapies on these profiles

» Efficacy of preventative strategies to protect CV
components

Long term

* Risk stratify patients at clinical baseline - personalized
Interventions

— Oncologic and exercise related




Recommendations for Future Research Cont.

« Continuation of exploration of different types of modes,
Intensity, frequency, and duration of exercise training (Lab
based experiments)

 Longitudinal trials examining long term prognosis
(Recurrence, survival, health care costs)

« Start looking at scalable interventions (i.e., Home-based,
community-based, Tele-health, etc...)



Our challenge is to make exercise
prescription a regular part of cancer
care and monitor specific
cardiovascular outcomes long term to
improve patients’ lives.
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