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Exercise and physical activity

ANY BODILY MOVEMENT produced by 
SKELETAL MUSCLES that results in 
ENERGY EXPENDITURE

PLANNED, STRUCTURED, AND REPETITIVE 
activities aimed at improving or maintaining 
one or more components of 
PHYSICAL FITNESS

Physical activity 

Exercise



Exercise and physical activity

Rest
Recover
Save energy
Avoiding tiring physical activity 

Before 
1980s 

Improves immune function  
and overall health

The Oncologist 2020;25

Mortality
Recurrence
Treatment-related adverse effects
Physical fitness 
Quality of life (QoL)

Breast cancer

Prostate cancer

Colon cancer

Lung cancer ???

1980s~



Exercise and physical activity

Lung cancer

Molecular 
and 

biological Mechanisms 
Clinical outcome

?

Physical & Endocrine effects  



MOLECULAR 
AND BIOLOGICAL MECHANISMS

Exercise 

Effect on cancer Immune



Molecular Mechanisms Linking 
Exercise to Cancer Protection

Cell Metabolism 27, January 9, 2018

Sympathetic activation
Blood flow ↑
Shear stress ↑
Temperature ↑ 

Catecholamines
myokines, etc.

Immediate stress 
on tumor metabolism

Immune function ↑
systemic inflammation ↓

Blood perfusion ↑
immunogenic profile ↑

immune cell infiltration ↑

Physical

Endocrine



p53, Apoptosis

• P53, tumor suppressor protein 

• Murine model of lung ADC

• Daily wheel running 4 weeks 

Cancer November 1, 2014

Western blots, p53 



Phosphoinositide 3-kinase(PI3K)/AKT 
pathway, Cell proliferation 

• NSCLC cells 
– A549, H460, H1299

• Normal lung fibroblasts 
– MRC5 

• High intensity 

interval exercise

• Post exercise serum

(5min, 1hr, 24hr) → cells

Cancers 2017, 9, 46

Cell proliferation Cell survival



Immunomodulation on TME

• 6 weeks of wheel running in Lewis lung cancer (LLC) mice 
• Reduced tumor volume 
• Upregulation of proinflammatory cytokines

Frequency of immune cells Number of tumors per lung

Cell Metabolism March 8, 2016

(D) inflammatory cytokines and 
(E) immune cell markers in Lewis Lung tumors



Molecular Mechanisms

• Emerging evidence indicates that EXERCISE
is also directly linked to control of TUMOR 
BIOLOGY 

• Not direct significance to lung cancer 
patients

May ultimately improve the clinical outcome



PERIOPERATIVE IMPACT 

Exercise 

Clinical outcome



Pre-operative exercise

Post-operative pulmonary 
complications 

Intensive care admissions

Length of hospital stay 
Readmissions

Early and late mortality

Minimize the post-operative burden Maximize exercise capacity 

Peak Oxygen Consumption

Functional capacity



• RCT 2~4, total patients < 200
• Type, frequency, and intensity varied 

– 3 times/day for one week to 5 times/week for four weeks 
– Aerobic exercise training 
– Inspiratory muscle training and education or breathing exercises 
– Resistance training (1 study)
– Stretches (1 study)

Cochrane Database Syst Rev. 2017 Jun

Postoperative pulmonary Complication

Pre-operative exercise (NSCLC)



Cochrane Database Syst Rev. 2017 Jun

Number of days patients needed an intercostal catheter

Postoperative length of hospital stay

Pre-operative exercise (NSCLC)



Pre-operative exercise

• Type, frequency, and intensity varied
– Supervised training 
– one ~ 4 weeks, 20 ~ 60 min/session
– 2 /day ~ 3~7 sessions/week 
– Aerobic training 

• Increases the HR ≥5 min 
• 60–80% peak work capacity

– Inspiratory muscle, strength, stretching training

Cancers 2019, 11

Functional capacity, 6MWD



Pre-operative exercise

Post-operative pulmonary 
complications 

Intensive care admissions

Length of hospital stay 
Readmissions

Early and late mortality

Minimize the post-operative burden Maximize exercise capacity 

Peak Oxygen Consumption

Functional capacity

Lack of
Large RCTs 
Mortality data
Long term benefits data
Cost-effectiveness data



Acute post-operative exercise
(in-hospital)

European Journal of Cardio-Thoracic Surgery 55 (2019) 

Enhanced recovery after surgery (ERAS) protocols

Physical deconditioning
Diminished muscle mass
Increased pulmonary complications 
(atelectasis and pneumonia) 
Increased risk of VTE 

Bed rest 

‘early mobilization’



Post-operative exercise

• Published RCTs commenced Frequency
– 5–10 weeks following surgery
– 6–12 weeks in duration (up to 20 weeks)
– 2 to 3 times/week with supervisor
– Supplemented with home-based exercise to achieve 5 times/week

• Exercise prescription 
– Aerobic exercise (moderate intensity)
– High-intensity interval training on a stationary bike or a treadmill
– Whole-body resistance training
– Inspiratory muscle training

• Similar to pulmonary rehabilitation with COPD 

Recovery Rehabilitation



Post-operative exercise

Cochrane Database of Systematic Reviews 2019, Issue 6

Exercise capacity (VO2peak in mL/kg/min)

Exercise capacity (6MWD in metres)



Post-operative exercise

Cochrane Database of Systematic Reviews 2019, Issue 6

General health‐related quality of life (SF‐36 ‐ physical component score)

Force‐generating capacity of peripheral muscle (quadriceps)



ADVANCED LUNG CANCER

Exercise 

Clinical outcome



Exercise training in 
advanced stage lung cancer

Cochrane Database of Systematic Reviews 2019, Issue 2

Improve 
symptoms

Prevent 
exercise capacity 

HRQoL Attenuate 
side effects

Aerobic and resistance 
training



Exercise training in 
advanced stage lung cancer

• Very low to low certainty for the effectiveness
– Fewer RCT

– Small sample sizes 

– Overall high risk of bias 

(dyspnea, severe cancer related symptom, various regimen, etc.)

• A Cochrane review 6 RCT (total patients < 150)
– During medical treatment

– Length 6 to 12 weeks 

– Supervised exercise from 1 to 5 days a week

Cochrane Database of Systematic Reviews 2019, Issue 2



Exercise training in 
advanced stage lung cancer

Cochrane Database of Systematic Reviews 2019, Issue 2

Exercise capacity (6MWD in metres)

Disease-specific global health‐related quality of life 

Dyspnea Fatigue, anxiety, depression, FEV1



Efficacy of 
home-based rehabilitation

• Inoperable NSCLC (n=90)
• American College of Sports Medicine guidelines

– Walking (preferred form of aerobic exercise in lung cancer patients)
– Minimum of 10 min walking twice weekly at a moderate intensity
– Resistance training 

Lara Edbrooke et al. Thorax 2019; 74



Lara Edbrooke et al. Thorax 2019; 74

Efficacy of 
home-based rehabilitation

6 min walk distance Symptom levels Symptom distress 

FACT-L scale Lung Cancer Subscale Trial Outcome Index 

Usual care

intervention

No exercise restriction in usual care



Lara Edbrooke et al. Thorax 2019; 74

Efficacy of 
home-based rehabilitation

Baseline AGE

Significantly different 
(mean (95% CI) 

6.4 (2.9 to 9.9) years, 
p=0.0004)



Exercise training in 
advanced stage lung cancer

Low-quality evidence 

Low 
risk of harm

Need for high-quality 
RCT



HOW TO EXERCISE

Exercise 

How to exercise 



Peri-operative exercise
-호흡재활 지침서 2015-



Barriers limiting to exercise

• Most patients are insufficiently active or sedentary
• low adherence and high drop-out rate

• Cancer-related side effects 
• Lack of interest and motivation

• Specifically related to health status (Age, sarcopenia, comorbidity)

• Lack of access to services 

• Lack of interest

• Disease course and therapeutic approach

• Environmental and personal exercise preferences

• Social implications 



Role in supporting patients with lung
cancer to be physically active

• Doctors discussing physical activity with their patients    
‘Exercise as part of their cancer management’

– Encourage increased physical activity, avoid sedentary time
– Support setting individualized activity goal
– Involve family and caregivers
– Access symptoms and assist
– Understanding safety criteria 
– Refer to an exercise professional
– Empower patients to take control their own goal 

• Exercise testing and prescription for patients with lung 
cancer adheres to

GENERAL PRINCIPLES



ACSM(American College of Sports Medicine) Guidelines 
for Exercise and Cancer



Survivor’s abilities and preference

At least 150 min of weekly activity Moderate intensityUltimate goal of 300 min

Major muscle groups

2~3 times/wk

Exercise specialist if available

2~3 sets of 10~15 repetitions

Muscle strength, endurance, functional status, bone density

Maintain balance, minimize fall risk

Stretch major muscle at least 2 days/wk

Stand or move while



Brisk walking



ACS, ACSM and NCCN guideline



Cancer specific consideration
- ACSM guidelines-

AJGP VOL. 49, NO. 4, APRIL 2020

Issue Advice 

Comorbid 
disease

Complete screening in line with general guidelines and choose 
exercises that avoid exacerbation of symptoms, for example 
hydrotherapy.

Bony 
metastases

Avoid strength assessment of muscles that attach to or act on a 
bony lesion site. Sites without metastases can be tested. Advise 
patients to avoid weights involving the affected bones and try 
swimming.  Do not avoid resistance training.

Peripheral 
neuropathy

Assess balance, mobility and falls risk and modify exercise 
prescription as required (eg use a Stationary cycle or water rather 
than a treadmill for aerobic exercise).

Infection 
and 

Immunity

Advise patients that exercising with a fever is contraindicated. 
Precautions exist for patients with impaired hematological parameters; 
for example, patients with low neutrophil counts (≤0.5 × 10.9 cells/µL) 
should avoid public gyms.

Cancer 
cachexia

Commence with prescription for resistance training only to increase 
muscle mass
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LUNG CANCER PREVENTION

Nutrition



Alpha-Tocopherol, Beta-Carotene 
Cancer Prevention Study

Journal of the National Cancer Institute, Vol. 88, No. 21, November 6, 1996

• 29,133 men 
• Smoker 50-69 years

– α-tocopherol (50 mg) 
– β -carotene (20 mg)
– α-tocopherol 

+ β-carotene
– placebo 

• Daily, median, 6.1 yrs

β-Carotene supplementation 
→lung cancer risk ↑

(RR = 1.16; 95% CI = 1.02-1.33; P = 0.02)



Impact of nutrition on the lung 
cancer Prevention

ARSENIC in drinking water

Beta-CAROTENE supplements 
in current and former smokers



Impact of nutrition on the lung 
cancer Prevention –limited evidence

• Vegetables, and Fruits 
in current and former smokers

• Foods containing carotenoids

• Foods containing beta-carotene

• Foods containing retinol

• Foods containing Vitamin C 
in current smoker

• Foods containing isoflavones
in never smoker

• Physical activity

• Red meat

• Processed meat

• Alcoholic drinks

Increases riskDecreases risk



SARCOPENIA 

Nutrition



Risk factor for death

Sarcopenia is independent risk factor 

→ Worse prognosis and increased death risk

Death risk 

Buentzel, J et al. Anticancer Res 2019;39
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Int. J. Environ. Res. Public Health 2021, 18, 2399

Physical 
Activity ↓

Food intake
(Nutrition)↓

Altered microbiota

ICIs



Nutritional approaches

• Nutritional approaches to prevent and treat 
cancer Sarcopenia

– Adequate energy intake

– Adequate supply of protein for maintenance or 

gain of muscle

– Use of supplements

Nutritional counselling, planning 



CLINICAL OUTCOME 

Nutrition



Early nutritional intervention with a 
dietary counselling

• Dietary counseling 30min/month

• Calculated the total calorie intake

• Indicate insufficient intake, sample 
meal plans and recipe suggestions

• Oral nutritional supplements (유청단백)

Tanaka, N et al. Yonago Acta Med. 2018, 61

유청단백질



Eicosapentaenoic Acid (EPA)

• NSCLC 92 pts

• Paclitaxel + platinum 2cycle 

• No difference in OS

Sánchez-Lara et al. Clin. Nutr. 2014, 33

Global health
status

Fatigue

Appetite

Neuropathy

N/V



ProSure

• Nutritional supplement with eicosapentaenoic acid 
(ProSure) as a Donation, with no interference in the 
trial design and results analysis.



Fish oil supplementation
-Fish oil EPA-

• N=16(fish oil, 2.2gEPA/day)/40

• NSCLC Receiving 1st line CTx.

• Gain or maintain muscle mass

Murphy et al. Cancer 2011, 117

Pathologic type 구분 X
Chemo regimen 구분 X



Vitamin/mineral supplements

• ACS states that taking a daily multi-vitamin/mineral during treatment in 
amounts not exceeding the Recommended Daily Value could benefit 
those having difficulty consuming a healthy diet

Lung Cancer (2005) 49, 77—84

Adjustment for multiple prognostic factors

RR 0.74 (95% CI 0.60-0.91) (p < 0.01)



HOW TO SUPPORT 
NUTRITION      

Nutrition



ASCO

J Clin Oncol 38:2438-2453. © 2020 by American Society of Clinical Oncology



GENERAL PRINCIPLES



Fruits, vegetables and unrefined grains Red meats, processed meats and food, alcohol
Added fats and/or sugar

Dietary pattern

Red meat < 0.5kg/week

At least 50% plant-based

Proloned fasting X
Consume alcohol sparingly if at all



Summary
-Exercise-

• Exercise is directly linked to control of tumor biology 

• Perioperative exercise is recommended

• Exercise in advanced lung cancer has low certainty, 
but a low risk of harm

• Exercise is part of lung cancer management

• Encourage increased physical activity and avoid 
sedentary time



Summary
-Nutrition-

• Arsenic in drinking water and high dose β -
carotene are risk factors of lung cancer 

• Sarcopenia is an independent risk factor of 
lung cancer mortality

• Nutritional approach is needed for the  
prevent and treat of cancer sarcopenia 
(nutritional counselling and planning)
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