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Lung cancer is the leading cause of
cancer-related deaths worldwide,
accounting for the highest mortality rates
among both men and women. Smoking is
the leading cause of lung cancer,
responsible for approximately 85% of all
cases.
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Roles of adipokines in tumor
progression—sedentary
lifestyle vs. physical activity

Schematic of the muscle direct- or
indirect-related toxicities (muscle
atrophy and dysfunc- tion) induced
by cancer and anti-cancer treatments
(radiotherapy, chemotherapy,
corticosteroids)
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A Systemic pro-tumor inflammation B  Reduced anti-tumor immunity C Elevated stress/SNS activity
. !l Zg,egu/jgqugnes Pupil dilation
¥ tomy [l -1 pathway
e = DNA dama -
=R Monocyte h Leukoc]x:ggmanon «” @
. cos+ Cellular senescence 7
“ Cell proliferation § :/"
Fose [, pe 5 ps o Ers Heart
)\ | ‘("\4 rate
& ed number of *A ® \ ?i
. AN ‘ T cel Y
S [ u e &
. :|[16B of’ TNF-a | r‘ Y ,‘lo(atcm‘,nr‘(-\l‘;m the TME
: i 2] [ ) ‘ ,"’ 2L B ¢ Decreased
:‘\‘e"::(‘c‘g;zgs IL-17 ) . IL-6 — \ letasiases leukocyte mobility
following sleep y i —s
disruption? . - N 7, 1
5 ﬁ«{\ - ;
o >
Acquired mutations % oY A R =
Epigenetic changes é'\ L;(?(( X Y
Resistance to apopotosis - -
Increased growth factor production —> / ; ™
Systemic chronic inflammation
Angiogenesis
Pro-survival
D Altered metabolism E BBB-breakdown/glial dysfunction

Lateral Hypothalamus Arcuate Nucleus

Promote hunger
- &increase food
- 2 intake

Hyperglycemia

Lep,
€Dtjp, v\nsu\‘“

Elevated
cortisol

Hyperglycemia
Insulin resistance
Immunosuppression
Anti-inflammation

Brain
Normal

Microglla




Brain

—alahlan s
Slpaal B slibel s

[ ] °
® Leptin °
. Ghrelin «

° - o® Peripheral signals enter
*, Glucose X\ brain parenchyma
Insulin :
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Aberrant neuronal
Proinflammatory activity and subsequent
cytokine secretion ' physiological/behavioral
from TME changes

Endothelial cell
Tight junction

\_ Extravasating

immune cell osl e 9
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Corticosteroids

Hypothalamo- cortisol

hypophysis /
, inflammatory

cytokines

+ Tumor growth
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physical exercise

EMT

intravasation

l extravasation I

@ tumorcell = macrophage
@ NKcell @ CD8+Tcell

8 o= o
) anoikis i g
.*. 3 P afe!et -~ shear force
3 & —inhibit
thi/sical activity and the metastatic cascade

Firstly, Physical activity reduced the invasion of tumor cells by inhibiting EMT. Next, Physical activity reduced vascular permeability, inhibitd the interaction
between endothelial cells and tumor cells, and suppressed intravasation. Exercise can also inhibit the survival of circulating tumor cells (CTCs) by increasing
vascular shear force, recruiting macrophages, NK cells, and CD8+T cells, regulating metabolism and inducing anoikis. Exercise inhibitd platelet-tumor cells
aggregates and the capacity of tumor cells to adhere to endothelial cells, which suppress extravasation ; 5

survival in circulation




metastasis proliferation

Roles|Mechanisms
fatigue

ostecpenia % .¢ TGF-1
cardiac toxici F_ ‘; oxidative stress
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angiogenesis
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breast cancer f
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Roles and mechanisms of
physical exercise in cancer
prevention and treatment
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microRNAEs in circulating
extracellular and particles
vesicles are altered by exercise
and may be candidates for the
beneficial effects of exercise in
tumor growth, metastasis and
proliferation

Inhibit cell proliferation,

migration, and invasion in

ik human colon cancer and
nasopharyngeal carcinoma

47 T miR-215-5p cells
‘ miR-124

)

Increased cell proliferation,
migration, and invasion of
cancer cells




Adipose
tissue

Regeneration

changes

Bone marrow-
derived stem cells
osteogenesis
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microRNA from &
extracellular and particles
vesicles can be suggested Anemia
as a possible mechanism o )
for the beneficial effects Muscle S /'Qq&
of exercise on cancer & 20
N - . - Improvement
Inhibition of -~ of hemoglobin
muscle mass miR-486-5p levels
atroph P
Py Dual effect

Immune system

Improvement of tumor
recognition by T cells and NK
cells

.'ﬁ..

—al s @i
Slpaal B slibel s

18



)
LOCAL EFFECTS
st Hypertrophic WAT T s

I e
Sl Sl slidre gy 5

Fibrosis

Immune infiltration

7
TNFa IL-6, Leptin, " "
Resistin, IL-1, VEGF, M'»;OT';bf\JCg%r;)e;m .
\ v androgen, estrogen LIRFD, Ll

Matrix remodeling Angnogenesns '_' mmatory — Insulin resistance
Local (immune infiltration, fibrosis) and Y— l
systemic (matrix remodeling, angiogenesis, Insulin
chronic inflammatory syndrome and +
insulin resistance) effects of hypertrophic IGF-1
white adipose tissue in obesity, on the /
cancer risk and progression and the CANCER RISK AND PROGRESSION | &

potential inhibitory effects of exercise on
these different changes

19
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Exercise functions to regulate
systemic inflammation,
mobilize immune cells, and
triggers inflammatory
signaling in cancer patients
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§ Running from Cancer at All Stages
Tumor Anti-cancer therapy Long-term adverse Tumor
effects Anti-cancer therapy

Each stage of cancer is characterized by different pathological

conditions (presence of tumor, anti-cancer therapy, long-term
adverse effect, and those in combination), and exercise
training may play different roles across the cancer continuum:
reducing the risk of cancer in the pre-diagnostic period;
improving drug tolerance and efficacy during treatment;
preventing relapse, controlling adverse effects post-primary
anti-cancer treatment, and reducing risk of comorbidities; and

doing all of the above in advanced-stage cancer

CLINICAL IMPACT OF EXERCISE

patients.
Cancer prevention Enhanced drug tolerance Prevention of relapse Enhanced drug tolerance
Promotion of treatment Amelioration of long-term Promotion of treatment
efficacy adverse effects efficacy
Amelioration of adverse Amelioration of adverse
effects of treatment effects of treatment
Attenuation of cancer 21
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J Cancer progression and
recurrence

1 Muscle strength and
performance

Vigorous exercise of more Endurance and/or resistance exercise

than 6 MET improves
cardiorespiratory fitness and
muscle strength. Vigorous
exercise reduces the risk of
cancer progression and the
evolution into lethal
metastasis

J Metastasis
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‘.———“" Apoptosis

Vigorous
Exercise

.:\t
&N High Doses
Tumor
Exercise alone is expected to W - Moderate Doses
produce an antioxidant response ﬁ "\'

'\

within tumor resulting in an :
anti-proliferative effect. While, Vigorous Anti-proliferative
the combination of exercise with Exerclse ' S — Antioxidant
radio/chemotherapy induces

rather a pro-oxidant response
promoting tumor cell death.
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Intra-muscular and intra-tumoral redox-sensitive mechanisms driven by exercise

N . Bloodstream
Epinephrine =

LKB1

Proliferation

Myokines

Nucleus ’ -

Exercised Skeletal Muscle Cell Tumor Cell
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Ask about pnor and
current participation in
physical activity and
assess lavel of cutrent
physical activity at
regular intervails

PHYSICAL ACTIVITY ASSESSMENT

Focused dlinical evaiuation

« Weight/BMI

« Blood pressure

« History of anemia (consider CBC)

« Functional statusiperformance siatus

« Assess baseline level of activity prior
to diagnosis and current level of
activity

« Barriers to physical activity as
assessed by survivor
* Environmenial

(home, gym, access, ouldoor space)

Financial

Physical limits

Time/competing demands

Social sypport

Assessment of troatable
contributing factors

* Pain

* Fatigue

+ Emotional distress

Assessment of
comorbidities and
treatment effects as
appropriate:

« Cardiovascular disease
(including
cardiomyopathy)

* Pulmonary diseaso

* Arthritis/musculoskeletal
Issues

« Lymphedema

« Peripheral neuropathy

« Bone healthbone
strength (including
presence of bone
metastases)

* Incontinence

» Presence ol stoma or
osiomy

« Fall isk assessmont

« Neod for assistive
davices (cane, walker,
brace, eic)

« History or presence ol
anemiathrombocytopenia

« Steroid myopathy

Determine risk level
e | f0¢ exerCise-induced
advorse event
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Aerobic

Yoga exercise
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Strength

Flexibility

Balance Exercise

29



“» ) FITT RECOMMENDATIONS FOR CANCER SURVIVORS .ﬂ.
I Aerobic Resistance Flexibility bl LS
Slpaal B slibel s
Frequency 3-5d » wk™! 2-3d » wk™! with a 2-3d - wk™! upto
minimum of 48 h daily
between sessions
Intensity 40%-<60% V' O,R or HRR. 60%-80% 1-RM or Stretch within limits of
allow for 6-15 pain to the point of

Survivors may find RPE
useful to gauge exercise
intensity.

repetitions. Increase tightness or slight
weight as tolerated discomfort.

and when repetitions

=>15.

RPE is correlated with

% 1-BRM in cancer

survivors (83).

Time =30 min = d~1. No lower =1 set, =8 repetitions Hold each stretch for
limit on bout length. per set; =60 s rest 10-30 s.
During treatment, exercise between sets
length may need to be
modified due to
chemotherapy or radiation-
related toxicities.

Type Walking, cycling, 8-10 exercises of Static stretches
swimming. Swimming major muscle groups; (passive and/or
should not be prescribed machines or free active), for all major
for survivors with central weights muscle tendon
lines, those with ostomies, groups. Tai chi and
those in an yoga may be
immunocompromised state preferred.

or who are currently
receiving radiation therapy.

1-RM, one repetition maximum; HRR, heart rate reserve; RPE, rating of perceived exertion; WV O7R. oxygen uptake 30
reserve.
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