UGSk

University of California
San Francisco

Exercise and Cancer: The
Impact of Physical Activity

Natalie Marshall M. D.

1



Learning Objectives

-Examine the effect of exercise on cancer prevention.

-Examine the evidence of specific benefits of exercise in cancer
patients.

-Learn the important relationship of body composition to cancer.
-Consider how to broaden the view of exercise.
-Make a plan to get started or increase exercise.
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Historical recognition of exercise tfor health

An Indian physician, Sushruta in 600 BC was the first to
prescribe exercise for health.

- -He referred patients to exercise because “it made the body stout,
strong, firm, compact, and light, enhanced the growth of limbs and
muscles, improved digestion and complexion, prevented
laziness, and reduced senility”

Hippocrates from 460 to 370 BCE said “eating alone will not
keep a man well, he must also take exercise”




Historical observation of lifestyle and cancer

Energy Balance and the tumor microenvironment

Ewing in 1911 noted that the poor did not develop cancer,
which tended to victimize wealthy individuals.

Siversten and Dahlstrom in 1921 noted: "Human carcinoma
may be the reaction to and result of chronic irritation of adult
epithelial tissue bathed in body fluids altered by certain

metabolic products as a result of deficient muscular activity.”

4 UCSF



Historical observation about energy balance

Energy Balance and Cancer

FL Hoffman in 1937- retrospective study of 4000 people (2234
cancer patients, 1149 controls) given a lengthy questionnaire.
The conclusion was that “excess nutrition demanded an outlet
In physical activity which is rarely met with in modern life.”
Hoffman felt that the latent power of growth and development
likely found an outlet in cell proliferation.




Health benefits of regular physical activity

Lower risk of all-cause mortality

Lower risk of cardiovascular disease mortality

Lower risk of cardiovascular disease (including heart disease and stroke)
Lower risk of hypertension

Lower risk of type 2 diabetes

Lower risk of adverse blood lipid profile

Lower risk of cancers of the bladder, breast, colon, endometrium, esophagus, kidney, lung, and stomach
Improved cognition

Reduced risk of dementia (including Alzheimer disease)

Improved quality of life

Reduced anxiety

Reduced risk of depression

Improved sleep

Slowed or reduced weight gain

Weight loss, particularly when combined with reduced calorie intake
Prevention of weight regain following initial weight loss

Improved bone health

Improved physical function

Lower risk of falls (older adults)

Lower risk of fall-related injuries (older adults)

For pregnant women, reduced risk of excessive weight gain, gestational diabetes, and postpartum depression

For people with various chronic medical conditions, reduced risk of all-cause and disease-specific mortality, improved physical function, and improved quality of life

Reproduced from: US Department of Health and Human Services. Physical Activity Guidelines for Americans, 2nd edition, US Department of Health and Human Services, Washington, DC

up to date




Primary Cancer Prevention

One in three patients in the United States will be diagnosed with cancer.
What are the way we can prevent cancer?

Avoiding tobacco.

Avoiding alcohol.

Maintaining a healthy body weight.
Eating a healthy diet.

Getting vaccinated for HPV and hepatitis B.
Wearing sunscreen.




Sedentary Living Research

Even as little as 2 minutes of activity per hour conferred a survival benefit

Low activity Light activity
0 min/hr (Reference)
1 min/hr
2 min/hr
3 min/hr

4 min/hr
0.45

5 min/hr
0.37

| | | | | | | 1 | | |
0.06 0.13 025 0.50 1.00 2.00 0.06 0.13 0.25 0.50 1.00 2.00

Hazard ratio*

*Adjusted for age, gender, race, education, smoking, alcohol use,
lung disease and mobility limitations

Beddhu et al, Clin J Am Soc Nephrol. 2015; UTD; Gordon et al, J Cardiopulm Rehabil. 1993




Sitting 1s the new smoking. ..

Figure 1-3. Relationship Among Moderate-to-Vigorous Physical Activity, Sitting

Time, and Risk of All-Cause Mortality in Adults Sed e nta ry
behavior =

Increased risk
of cancer of the

-breast
-colon
-endometrium

Moderate-to-Vigorous Physical Activity

Risk of all-cause mortality decreases as one moves from red to green.




Figure 2-1. Relationship of Moderate-to-Vigorous Physical Activity
to All-Cause Mortality
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Figure 1. Summary Multivariable Hazard Ratios for a Higher (90th Percentile) ws Lower (10th Percentile) Level of Leisure-Time Physical Activity
by Cancer Type

Studies,  Cases, P Value
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Exercise For Cancer Prevention

Exercise for Cancer Prevention:
tumors with the strongest evidence.

For all adults, exercise

Colon
is important for cancer
S tO m a C h prevention and specifically

lowers risk of seven
common types

Esophagus : of cancer:

Bladder Q

Kidney
Uterine

Exercising during and after cancer treatment: .

o decreases fatigue, anxiety and depression

* improves physical function and quality of life d N
* does NOT exacerbate lymphedema

Citation: hitp:/ /bitly /moving-through-cancer _Exe‘&c‘lsfe
is Medicine

and Treaiment

breast cancer

endometrial cancer

For cancer survivors, incorporate
exercise fo improve survival after
a diagnosis of breast, colon and
prostate cancer

AMERICAN COLLEGE
of SPORTS MEDICINE,




Exercise for Prevention of Cancer

Specific recommendations for minimum exercise dose for cancer prevention

Limit Sedentary Behavior

Engage in at least 150 minutes a week of moderate exercise
or 75 minutes a week of intense exercise.

Engage in strength training exercise for all major muscle
groups at least twice a week.




How Does Exercise Help Cancer Patients?

Enhances the immune Lowers estrogen levels by

system. decreasing body fat.

Lowers Systemic Improves body composition

Inflammation Improves heart and lung

Lowers Stress Hormones function

Changes the Microbiome Improves cognition —brain
function.
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Exercise and health related outcomes in cancer
patients

Strong Evidence

Dose

Dose

Dose

Cancer-related 3x/week for 30 min per session of 2x/week of 2 sels of 12-15 reps 3x,/week for 30 min per session of moderate cerobic exercise, plus 2x/week of
J fatigue moderate intensity forr mq{?r muscle groups of moderate resistance training 2 sets of 12-15 reps for major muscle groups at moderate intensity
infensi
Healih-relaied 2-3x/week for 30-60 min per session of  2x/week of 2 sets of 815 reps for 2-3x/week for 20-30 min per session of moderate cerobic exercise plus
bd lity of life moderale o vigorous major muscle groups at a moderale to 2x/week of resistance training 2 sets of 8-15 reps for major muscle groups at
- quesly vigorous intensity moderate to vigorous intensity
® 3Ix/week for 30-60 min per session of 2-3x/week of 2 sets of 8-12 reps for 3x/week for 20-40 min per session of moderate to vigorous aercbic exercise, plus
(o) Physical Function moderate to vigorous major muscle groups at moderate to 2-3x/week of resistance training 2 sets of 8-12 reps tor major muscle group
vigorous intensity at moderate to vigomus intensity
3Ix/week for 30-60 min per session of Insufficient evidence 2-3x/week for 20-40 min of moderate to vigorous aerobic exercise plus
@ Anxiety moderale lo vigorous 2x/week of resistance training of 2 sets, 8-12 reps for major muscle groups at
moderate to vigorous intensity
n 3x/week tor 30-60 min per session of Insufficient evidence 2-3x/week for 20-40 min of moderate to vigorous acerabic exercise plus
=k Depression mederate fo vigorous 2x/week of resistance training of 2 sels, 8+12 reps for major muscle groups ot
W moderate to vigorous infensity
Insufficient evidence 2-3x/week of progressive, supervised, Insufficient evidence
lymphedema program for major muscle groups does
not exacerbate lymphedema

= < & Ao 4
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MOVING THROUGH CANCER:

Exercise for people living with and beyond cancer

FOR OVERALL HEALTH

Aim to meet the current exercise guidelines for adults’

Moderate Aerobic Exercise Vigorous Asrobic Exercise
Q:&)' At beast 150-300 mins per week OR Atleast 75-150 mins par weak QE )

|or @ combination of moderate,/vigorous oerobic exercise]

Resistance Exercise
2x par woek

FOR PEOPLE DURING & FOLLOWING CANCER TREATMENT
Research shows lower amounts of exercise can still help
with the following cancer treatment-related symptoms:

)

Cancar-reloted fatigue Health-related Physical function Anxiaty
quality of life

Depression Sleep Lymphedema’ Bone health?

To improve these symptoms, choose an exercise plan below:

@ OR @ OR W) fﬁy

NS

Agrobic Resistance Asrobic Resistance
Exercise Exarcise Exorcise Exercise
3x per week 2w per week 2-3x par weak 2% por wook
30-&0 mins 2 sols/8-15 raps 20-40 mins 2 sels/B-15 reps

axacerbose lymphedema
pact rakning reedes




Hazards ratio
Author, Year Sax {95% Cl) % Weight

o degnoss phuicy ey Sur Vival and

Kampert JB, 1206 men - 0.04

Kampert JB, 1906 Women , 13.16) 0.08 o o o

HBosengren &, 1097  men L 0.00) 234

Davey Smith G, 2000 both ,0.81) 261 I ) I:-] Z !

Batty GD, 2004 both L 141y 418 Sl al ' tl S ; 1t

Kilander L, 2001 men . 1.37) J

Hu G, 2005 men , 0.96)

Hu G, 2005 women 60, 0.88)

Schnohr P, 2006 both , 0.95)

Orsini M, 2008 men , 0.95)
L 0.84)
, 0.88)

van Dam AM, 2008  women
Autenrieth CS, 2011 both
Borch KB, 2011 waomen
Laukkanen JA, 2011  men
Wen CP, 2011 both
Lin CC, 2012 both
Mok Y, 2012 men
Mok Y, 2012 waomen
Parakh N, 2012 both
Vergnaud AC, 2013 both
YuR, 2013 wamen
Yu R, 2013 men
Arem H, 2014 both
Gunnell AS, 2014 both
Hastert TA, 2014 both
Wanner M, 2014 both
Krashnewski JL, 2016 both
Lee JY, 2016 both
HAobzahm TE, 2016 men
Kamada M, 2017 women
O'Donovan G, 2017 both
Vainshelboim B, 2017 men
Diohrn |, 2018 both
Joa Y, 2018 men
Jee Y, 2018 Women
Liu Y, 2018 both
Patal AV, 2018 both
Subtotal (I-squared = 50.4%, p=0.000)
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Posi-diagnosis physical activity
Inoue-Choi M, 2013 women

Les IM, 2014 men

Gunnell AS, 2017 both

Tarasenko YN, 208  both

Subtotal (I-squared = 13.5%, p=0.325)

Note: weights are from random effects analysis
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Fig. 3.1 Pre- and post-diagnosis physical activity and cancer-specific mortality for studies that
combined all cancer sites
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Cancer Related Fatigue ( CRF)

Distinguished from regular fatigue: a complex, multifactorial
syndrome not fully helped by rest.

Caused by systemic inflammation, dysregulation of the
hypothalamic-pituitary- adrenal axis , depression, anemia and
physical inactivity.

Medications are not effective

Those with the greatest fatigue at baseline get the greatest
effects from exercise.

" UCsE




Tissue Trauma, Inflammation, CNS Response

Cancer treatments

infection
Wound

Stress

Immune-
boosting
treatment
(interferons)

Cni:_uklnes

lmr;\um: .
> Cells
4 P ]
s,

b

Innate lmmune
Cytokines

* Interleukin-1

« InterleukinG

= Tumor necrosis factor-alpha
Interferon-alpha
Interferon-beta

San Antonio Breast Cancer Symposium - Cancer Therapy and Research

Center at UT Health Science Center - December 4-

8 e

8, 2012

Cytokine Effects

in the Central

Nervous System l

+ Appetite /

+ Energy f

+ Social ac!i\'ny‘
Sleep changes
Impaired learning
and memory

Soreness /pain

Fever “Sickness Behavior”




Epigenetics- the expression of genes due to
environmental factors

We are not destined to be sick!!

Food , exercise, sleep,
stress, trauma, mental

i
/ In many ways,

health, toxic exposure: EPIGENETICS 1 he

ultimate intersection

all influence if a disease between your LIFESTYLE

and your HEALTH, or
perhaps even the

IS manifested. itk ef s

\ chldren / o
“Genes load the gun but A
environment pulls the
trigger.”

DIET, STRESS, & EXERCISE

HEALTH, RISK for DISEASE, & GENERAL WELLBEING.




The Tumor Microenvironment.

The cells surrounding
and communicating
with the tumor cells

21 Goodwin, PJ, Ann Rev Med 2015

Dibese human

Expanded and reprogrammed Direct effect on cancer cell
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Altered systemic physiology
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How does exercise prevent and decrease
recurrence in cancerr

Lowers insulin Changes the tumor
Lowers sex hormones microenvironment

Lowers systemic Stimulates the immune
inflammation system — detectable in the

tumor microenvironment

Alters epigenetic
expression of genes in
tumor cells.

Lowers adipokines
Raises myokines
Lowers oxidative stress

2 UCsE



Body Mass Index (BMI)

An imperfect measure of body composition.

100% ~
90% A
80% A
70% -
60% A
50%
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30% -
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10% - |
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Muscle attenuation: 23 HU Muscle attenuation: 44 HU
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Low muscle and

] Normal [0 Lowmuscle [ Highadiposity [l high adiposity

© 2018 American Association for Cancer Research

Cancer Research Reviews AAGR

23 Caan, Cancer Res 2018.




Non Metastatic Colon Cancer Patients

Muscle mass measured at diagnosis with CT scans

Not sarcopenic
— SArcopenic
0.8

0.7

0.6
Overall log-rank P = <0.0001

Survivor function estimate

0 2 4 6
#At risk:
Not sarcopenic 1,879 1,785 1,645 985
Sarcopenic 1,383 1,238 1,104 654

Figure 1.
A, Kaplan-Meier curves for sarcopenia
and all-cause mortality. B, Kaplan- B
Meier curves for body composition
phenotypes and all-cause mortality.

d Normal

0.9 — - High adiposity
—_— Low muscle
= High adiposity and low muscle

0.8
0.7
0.6

05 | Overall log-rank P = <0.0001

04 -+
#At risk 0 4
Normal 1,251 1,099
High adiposity 925 783
Low muscle 925 739
Both 161 128

Survivor function estimate

Caan, BJ et al, 2017 Cancer Epi Bio Prev 26:1008-1015.




Non metastatic Breast Cancer Patients

Muscle mass measured at diagnosis with CT scans

Figure. Patient Survival

Sarcopenia

1/3 of patients had
sarcopenia

Worse survival in those

Not sarcopenic

with sarcopenia
independent of

- Treatment

Sarcopenic

Suvivor Function Estimate

- Stage
- BMI. | ' a 6

Years Since CT Scan

No. at risk
Not sarcopenic 2158 1649 1009 568

25  CAAN BJET AL. 2018. JAMA Oncol 4: 798-804 Sarcopenic 1125 838 531 322




Sarcopenia — low muscle mass

Common in cancer patients in early and late disease.
Common with age and cancer is a disease seen with
Increasing age.

Is an independent predictor of overall mortality in cancer
patients.

Low muscle mass is consistently associated with greater
treatment related toxicity and higher mortality in a variety of
cancers.

26 UCSF



Risk Factors for Sarcopenia in cancer patients

Cancer therapies: chemotherapy, radiation, hormone blockers.
Tumor burden in metastatic disease: increased catabolism.

Malnutrition due to treatment side effects. Poor overall or
protein intake.

Less muscle reserve with aging.
Inactivity due to side effects causing loss of lean muscle mass.

27 UCSF
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What does
muscle do for
us?

Intefr Med Res 2014 Vol 3 172-179

Fatmass |
Lipolysis 1 Muscle hypertrophy 1
UCP-1 1}

Irisin
\ : Fat oxidation 1

z

™ FGF-21 —> Glucose uptake 1

—> BDNF —» AMPK 1

SPARC —> Adipogenesis |
Myokines

Exercise

Proinflammatory
adipokines




Benetits of Strength Training

Lowers insulin more than any other type of
exercise.

Increases lean muscle mass.
Decreases lymphedema in breast cancer patients.
Increases strength and mobility after treatment.
Improves quality of life.

Lowers the risk of fractures.

Lower risk of being placed in a nursing home.




Strength Training and Lymphedema

Breast Cancer Patients

Strength training is safe in breast cancer patients.

Compared to controls patients who did resistance training had:

- Less self reported lymphedema severity
- Increased upper body and lower body strength

- Less exacerbations of lymphedema when measured by a certified lymphedema
therapist 14% vs 29%

- There were no complications

30
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Mind Body Movement Practices
YOGA, TAI CHI, QI GONG

These practices are complex and incorporate body weight
strength training, balance and flexibility training and stress
reduction.

This is similar to how a whole plant extract has a more
complex effect than an isolated compound from a plant. For
example turmeric root vs cucurmin.

Yoga has been studied in most cancer populations and has
good evidence for lymphedema, strength training, mobility,
stress reduction, anxiety and cancer related fatigue.
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Yoga, Tai Chi and Qigong provide
bodyweight strength training,
balance training and training in
flexibility/mobility.

Good choice or additive activity for
those who do not want to lift
weights and want to connect to an
activity that also decreases
anxiety, depression, fatigue and
has a meditative component.

32
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Exercise Snacks

Small strength training or aerobic exercises throughout the
day:

wall push ups, chair squats, a 5 minute walk

Small amounts of strength training helps patients build
confidence to do more.

Exercise improves energy, motivation, and mood helping to
get the person into a victorious cycle.
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Let’s Try Some Exercise Snacks!

Chair Marches
Overhead Hand Pumps
Chest Punches

Ankle Circles




Less than 25% ot cancer patients are active.

- Patients feel overwhelmed with guidelines

- Cancer treatment related fatigue

- Fear of injury or lymphedema

- Fear of fractures especially in those patients with bone metastases
- Lack of education of the benefits

- Lack of knowledge of how to get started.




Guidelines to work towards

Okay to start small and have these guidelines as the goal.

ACSM

Cardiorespiratory Exercise: 150+ min of moderate-intensity exercise
per week.

Resistance Exercise: 2-3 days/week, 2-4 sets of each exercise with 8-
20 reps

Flexibility Exercise: 2-3 days/week, hold stretches 10-30sec, repeat
each stretch 2-4x accumulating 60sec/stretch

Neuromotor Exercise: 20-30min/day, 2-3 days/week

e -Balance, proprioception, agility




Song/ Talk Test

What intensity are you working at?

Light: you could sing a
song while engaging in the
activity.

Moderate: you could talk
but not sing a song.

Intense: you can not carry
on a normal conversation.

37 Natalie.Marshall@ucsf.edu




FITT principle

Frequency, Intensity, Time and Type of exercise

Frequency: days per week.

Intensity: light, moderate or intense — measured by the
song/ talk test.

Time: hours per week.

Type: aerobic or muscle strengthening activity.
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Tips for getting started
Log, Move, Lift, Eat, Sleep

get a notebook and write down what you did and any
symptoms like fatigue, side effects, protein intake and sleep.
Logging will help you understand how you feel and when you
might go easy vs push yourself. Log your FITT.

walk, bike, dance, swim. If you can not talk then you
are working too hard. If you cannot already do 30 minutes of
exercise start where you are. Any amount of exercise, even 5
minutes is still beneficial. If you can not walk you can
exercise in a chair.

39 UCSF




Log, Move, Lift, Eat, Sleep

strength training with body weight, yoga or weights. Try
the key 3 if you don’t know where to start. Do not do strength
training on consecutive days to allow for proper rest. If you
can not stand you can do strength training in a chair.

protein as is supports muscle growth. Hydrate to support
your cardiovascular system.

as much as you need to feel rested. That is 7-8 hours
for most adults.

5 UGsF



5 Components of Fitness for Cancer Patients

Cardio
Strength
Balance
Stretching
Rest

Yoga, Tai chi and Qi gong
combine multiple components.

41




Helptul Equipment

Yoga Mat, Adjustable Dumbbells, Resistance Bands

Adjustable Dumbbells OR Resistance Bands




Exercise Prescriptions —Key 3 Strength Program

(Rakel; Hewitt, Canyon Ranch, 2002)



Overcoming Barriers
Suggestions for helping you stick with it

Start with exercise snacks during the day

Set a workday walking routine

Find a partner

Exercise at home

Use a DVD or internet based fithess program
Use tools to measure steps like a pedometer
Increase time and intensity as you are able
Join a gym or work with a fithess professional




Psychology ot Exercise

Questions to ask yourself and explore with your health care provider.

What do you feel you are doing a good job with concerning
exercise?

What activity would you most like to do if you start exercising?

Are there barriers to starting this exercise? How could they be
overcome?

Can you commit to taking some steps to become more active
over the next few weeks?

s UGsF



Strength Training

Options for Everyone

Body Weight Exercises — press, push ups, squats, lunges,
plank and side plank.

-If chair bound can do strength training in chair and chair
yoga.

Yoga, Pilates, Tai Chi, Qi Gong

Weightlifting basics: squats, lunges, deadlift, row and press

- Push and pull for upper and lower body
- Key 3 is a easy way to start uses 80% of major muscle groups.

5 UGsF




Parting Retlections on Exercise

Never Do Nothing! Change the way you look at Exercise!

Any exercise is better than none! A little exercise goes a long
way and is additive during the day.

Exercise helps independent of weight loss or BMI.

Increasing muscle mass, fighting sarcopenia and
increasing relative strength for aerobic activity is best
accomplished by strength and resistance training.

Exercise for cancer helps with prevention, recovery of
function and risk of recurrence reduction.

; UGsF




Moving Through

ExeR.cise | amemcanc

OLLEGE
Moving Through Cancer is Medicine: | oo mecne

Name: Date:

obic Activity 3 or more days/week
. . lntcnsit_v: a Lighl (casual walk) 2 Moderate (brisk walk) 2 \’igormls (like jogging)
Time (minutes/day): Build up to 30 minutes/day
Type: QWalk QO Run O Bike O Swim/Water Exercise 1 Other
Steps/day: 12,500 Q5,000 Q7,000 29,0000rmore 1 Other

What about aerobic activity?
* Moderate activity is at a pace where you can talk but cannot “sing.” Examples: érisk walking,
.’r:gbr Mﬁing, qwater exercise and :ﬂmring
* Vigorous activity is at a pace where you have trouble talking and may be out of breath.
Examples: jegging, tennis and fast bicycling.
* While the recommendation is to build up to 30 min/day, at least 3 days/week, you can
exercise for any length of time. For example, you might walk:
o5 minutes here, 10 minutes there
©15 minutes daily
o Just work your way up to 30 minutes 3 days/week
* Gradually build up to a daily step count of 7,000-9,000 steps/day.

Muscle Strength Training 2 days/week
\/ What about strength training?
(N * You don't have to go to a gym. You can use elastic bands, do body weight exercises
(kitchen counter push-ups, chair sit-to-stands) or lift dumbbells. Heavy work around your
home also builds strength.
* Strengthen your legs, back, chest and arms. To start, try 10-15 repetitions using light effort.
Build up to medium or hard effort for 8-12 repetitions. Repeat 2-4 times, 2-3 days/week.
* Give yourself a rest day between each strength training session.

Notes (local programming, specific risks or instructions):

See www.exerciseismedicine.org/movethruca for a registry of local programs.

How will you get started fhis Week?



THE ATHLETIC LASS
Oh, the girl who goes in for brawn,
Who's in training from daylight eill dawn,
Should from such stunes refrain
And develop her brain,
And thank us for * putting her onl™
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Exe */fccise AMERICAN COLLEGE
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is Medicine
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MOVING THROUGH CANCER




Helptul Resources
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MOVING THROUGH

Kathryn H. Schmitz, PhD, MPH, FACSM, CANCER

FTOS, FNAK
- 90000
Professor, Penn State COM

Second Past President, ACSM S

Chair, Exercise |Is Medicine Governing
Board

Founder, Moving Through Cancer
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