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Tuberc Respir Dis 2025;88: 673-686

South Korea

• Antifibrotics – 10% 

on patient

• Out-of-pocket: High 

(28%)

• Reimbursement: 

Only Pirfenidone



IPF diagnosis

Pirfenidone (1st)

Switch

to Nintedanib

Clinical trial

• Working 

diagnosis

• Co-morbidities

(Treatable traits)

Nintedanib
급여조건

1) Disease progression    

despite PFD use

2) Severe adverse events

(documented data)

Maintenance

(12개월~)

Combination

of NIN/PFD

Clinical trial

Adverse 

Events

Disease 

progression

This is speaker's own contributed slide.



What can antifibrotics do?

• Reduction of lung function decline

• Reducing the risk of acute 

exacerbation

• Potential survival benefit

• Limited evidence about symptom relief 

and QOL

• No evidence about functional capacity

• Severe adverse events 

• Insurance reimbursement burden

Nerandomilast 2025



IPF 진단 후 1년, 외래진료

잘지내시죠? 특발성폐섬유증으로항섬유화제를시작한지 1년이지났습

니다. 약제에의한부작용이있으신가요? 호흡곤란이나기침은요?

혈액검사와흉부X선검사는이상이없습니다.

1년전에비해서는폐기능이 5% 정도감소했지만, 효과가있는것이고현

재약제의용량이최대여서우선유지하겠습니다.



IPF 진단 후 외래

기침과활동시호흡곤란은큰차이가없어도, 더피곤하고힘이

없습니다. 일상생활도힘들고, 하루하루가힘들어지는느낌입니

다.

폐기능이 1년사이에 5%나줄었다는데…괜찮은건가요? 

지금약제는치료제가아니고, 지연만시키는약물아닌가요? 

미국에서신약, 치료제가나왔다는데언제사용할수있나요?

약말고다른방법은없을까요?



Needs of patients with ILD

Lancet Respir Med 2017;5:968-80



Contents

Pulmonary Rehabilitation in ILD – Established Benefits1

Unresolved Questions: Is Supplemental  Oxygen necessary?2

Unresolved Questions: Beyond Completion → The importance of 

maintenance
3

Unresolved Questions: Can PR improve survival in ILD?4

Unresolved Questions: ILD subtype-specific considerations?5



Thorax 2008;63: 554

• A two center, randomized, single blinded controlled trial (1st RCT) in Australia

• 57 ILD patients (34 IPF)

• The intervention group - a supervised exercise training for 8 wees vs weekly telephone support



Thorax 2008;63: 554

• PR for 8weeks - safe (80% completion & no 

adverse events)

• Short term improvement in functional capacity 

(MD: 35m, p = 0.01), dyspnea (mMRC by 0.7, p 

= 0.04), fatigue (CRDQ) at  9 weeks; not at 26 

weeks

• No difference between IPF & no-IPF group



Thorax 2017;72: 610-619

• A multicenter, randomized, assessor-blinded controlled trial in Australia (The Largest RCT)

• 142 ILD patients - 61 IPF, 22 Asbestosis, 23 CTD-ILD, 36 others 

• The intervention group - a twice-weekly supervised outpatient exercise training for 8 weeks

→Walking, cycling, upper and lower limb resistance training, home exercise program every week)

→ Supplemental oxygen to maintain SpO2 ≥ 88%

• Key question – Does 1) the etiology and 2) severity of ILD impact to the response to PR? 

- 3) Optimal time for PR to achieve maximal benefit?



Thorax 2017;72: 610-619

6MWD - 25m

68m

31m

3m



Thorax 2017;72: 610-619

• Improved exercise capacity and quality of life across the ILD

• Patient-perceived improvement was also significant: 50% vs 12%, p < 0.001

• Safe & good feasibility (66% completion of the programm)

• The benefit declined over time (6months)

• Different impact based on sub-ILD (Asbestosis & IPF > CTD-ILD) d/t joint 

pain or muscle weakness or musculoskeletal symptoms?



Thorax 2017;72: 610-619

• Intention to treat Vs. 

Per protocol completion

• No definite difference

MD: (ITT-25m) vs. PP(27m)

• Intention to treat Vs. 

Per protocol Progression

• MD: PP completion (27m)

PP progression (37m)

Optimal PR intensity for maximal benefit?

❖ Progression strategy

• Walking speed & duration

• Cycling resistance

• Resistance training load

❖ Moderate to somewhat hard symptom level 

& SpO2 ≥88%



Thorax 2017;72: 610-619

Univariate relationships between baseline 

predictors and response to rehabilitation



Thorax 2017;72: 610-619

Stepwise multiple linear regression model for 

change in 6MWD following intervention

In the 9-week model

• PR group showed improvement of 6MWD by 

36.5m

• For every 1m higher baseline 6MWD 

→ the 9-week improvement is 0.141m smaller

In the 6months model

• For every 1mmHg higher PASP

→ The 6-month 6MWD change is 1.54m worse

• For every baseline FVC 100mg higher 

→ The 6-month 6MWD change is 2.1m better

Independent predictors for 6MWD improvement

• Short-term: PR itself + Lower 6MWT

• Long-term: Higher FVC + Lower RVSP



Cochrane Database of Systematic Review2021;1:CD013040

PR significantly improved functional capacity (6MWD) in ILD



Cochrane Database of Systematic Review2021;1:CD013040

PR significantly improved quality of life(SGRQ total) in ILD



Cochrane Database of Systematic Review2021;1:CD013040

Current Established Role of PR in ILD

The best-established benefits are improvements 

• Exercise capacity (with endurance time)

• Dyspnea

• Health-related quality of life

→ PR is a core non-pharmacologic treatment in PR
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Pathophysiology and cycle of 

reduced physical activity and hypoxemia in ILD

Front. Rehabilit. Sci. 2;744102

Prominent diffusion limitation (thick alveolar-

capillary membrane) with compounded pulmonary 

vascular abnormalities and reduced capillary transit 

time during exercise than COPD & other CRDs.



CHEST 2021; 160(3):994-1005

• International retrospective multicenter study – Three countries, 848 patients with fibrotic ILD (258 IPF)

• Definition: Exertional hypoxemia – nadir SpO2 <88% during 6MWT on room air

Resting hypoxemia – SpO2 <88% or PaO2 ≤55mmHg

2.5%39.6%57.8%



CHEST 2021; 160(3):994-1005

• Among normoxemic group (n=490) – 5 year cumulative incidences: IPF (58.3%) vs non-IPF (35.7%)

• 1 year - 6.1% 

• 2 years - 17.3% 

• 3 years - 40.1%

Cumulative incidence of exertional hypoxemia

from time of diagnosis



CHEST 2021; 160(3):994-1005

• 5 year cumulative incidences: IPF (22.8%) vs non-IPF (11.4%)

• 1 year - 2.4% 

• 2 years - 5.6% 

• 3 years – 16.5%

Cumulative incidence of resting hypoxemia

from time of diagnosis

• Median time from exertional to resting 

hypoxemia – 19months

• The only independent predictor of 

progression – DLco



CHEST 2021; 160(3):994-1005

Prognostic significance of hypoxemia between IPF and non-IPF

• Survival after new-onset exertional hypoxemia

• 1-year: 96%, 2-year: 92%, 3-year: 84%

• Survival after new-onset resting hypoxemia

• 1-year: 58%, 2-year:44%, 3-year: 28%

• Resting pulse oximetry alone – not insufficient

• A substantial proportion of IPF – may normal resting SpO2, 

but significant exertional hypoxemia

• → Regular 6MWT assessment ! → Early intervention                                                                

(antifibrotics + PR)

• More prominent V/Q mismatch d/t wasted perfusion in 

lower lobe by HC change in IPF



산소

CHEST 2021; 160(3):994-1005

11 RCTs

Improved SpO2

MD: 6.26%, 95% CI: 4.81-7.72; p<0.001

Significantly Improved 

Exercise duration (MD: 122.1s), Fatigue, Dyspnea

Not in 6MWD

Better effects of high-flow than low-flow system



Oxygen Therapy in ILD
: A Pulmonary Rehabilitation–Centered Approach
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Cochrane Database of Systematic Review2021;1:CD013040

PR significantly improved functional capacity (6MWD) 

at long-term follow-up period?



Long-term effect of Center-based PR in ILD

• A prospective, interventional, single-center study in Haeundae Paik Hospital between 2019 and 2021

• 26 IPF patients

• Aim: To evaluate the efficacy of center-based PR for eight-weeks in patients with IPF

Life 2023, 13, 403



Long-term effect of Center-based PR in ILD

• A prospective, interventional, single-center study in Haeundae Paik Hospital between 2019 and 2021

• 26 IPF patients

• Aim: To evaluate the efficacy of center-based PR for eight-weeks in patients with IPF

Life 2023, 13, 403

▲46m



Long-term effect of Center-based PR in ILD

• A prospective, interventional, single-center study in Haeundae Paik Hospital between 2022 and 2024

• 28 IPF patients (13 PR  Vs. 15 Control group)

• Aim: To evaluate the long-term efficacy of center-based PR for eight-weeks in patients with IPF

In submission



Long-term effect of Telerehabilitation in ILD

• A prospective, parallel-group, randomized controlled trial at multi-centers

• Total of 84 patients with ILD (26 ILD patients, 16 IPF)

• Aim: To evaluate the efficacy of home-based PR in patients with ILD and the long-term effects after eight 

weeks of PR

+59m



Telerehabilitation vs Center-based pulmonary 

rehabilitation: 6MWD & Dyspnea

Cochrane Database of Systematic Review2021;1:CD013040

6MWT

Dyspnea



Telerehabilitation vs Center-based PR

: Adherence/Completion

Cochrane Database of Systematic Review2021;1:CD013040



J Thorac Dis 2024;16(12):8379-8388

• Loss of PR benefit after 6months

• Rapid progression or disease severity in ILD (short median survival in IPF)

• Delivery models: 1) Center-based 2) Home-based 3) Remote or Tele-PR

• Needs for monitoring and supplying oxygen during PR and benefit of supervised 

PR

• Unmet needs and barriers of center or home-based PR from the patient prospective, 

caregiver and socio-economic perspective 

• Remote PR in ILD is not simply home exercise instruction →Must be an oxygen-

aware, safety-structured rehabilitation model

• Remote PR in ILD should not be viewed as a complete replacement for 

conventional PR, but rather as part or essential component of a hybrid care model

Long-term and Maintenance PR in ILD

Delivery Method



How to implement PR   

Center-based Home-based

Traditional center-based Alternative models

Written material supported by remote supervision

1. Home-based non-digital

Supported by a web-based platform or app

2. Home-based web platform

Synchronous real-time PR supported by 

videoconferencing

3. Video or Telerehabilitation

4. Self-directed or Unsupervised PR

Early ILD or Young patients with ILD



Implementing a successful telerehabilitation: 

practical suggestion in Korea

REFERRAL

To the PR center
Home-based PR

8-12 weeks

APP & Smart watch

PR program

Re-assessment

At center
Adherence

Safety

Efficacy

Q & A

PR program

modification

Home-based PR

Or

Maintenance of PR

Cost-effectiveness

8-12 weeks

App & Smart watch

Modified PR program

Baseline

Assessment

At center

+CPET

Supervised 

training

& Education

Disease-specific Care
Pulmonology clinic

Long-term outcomes

Multidisciplinary discussion

Multidisciplinary team approach
Optimal program components, structure and duration

Repeat



Expected trajectories in Remote-PR

BMJ Open Respir Res 2024;11:e002061
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CHETS 2025;167(6): 1696-1704

• A secondary pooled analysis of data from the first and the largest previous RCTs (182 ILD) 

• Method – Kaplan-Meier & Cox Proportional Regression Analysis

• Primary endpoints – Death and Lung transplantation for 5 or 10 years 



Result of Kaplan-Meier Analysis

CHETS 2025;167(6): 1696-1704

• Median survival period: PR group vs Control (6.1 years vs 4.7 years, not significant)

• At 5 years – Survival rate: PR group vs Control (61% vs 47%, p = 0.70)

• At 10 years – Survival rate: PR groups vs control(30% vs 34%)



Result of Cox Proportional Regression

CHETS 2025;167(6): 1696-1704

• Adjusted for baseline variables including age, sex, FVC, 6MWD, nadir SpO2 in 6MWD, IPF diagnosis

• At 5 years – Survival rate: PR group vs Control (61% vs 47%, HR 0.56, p = 0.01)

• At 10 years – Survival rate: PR groups vs control (30% vs 34%, HR 0.80, p = 0.30)



Thorax 2022;77:589-595

• Retrospective cohort study in 12 sites of Canada, USA, and Europe since 2000

• 701 Fibrotic ILD (IPF=64%, HP=7%, NSIP=6%, Unclassifiable ILD=14%)

• Inpatient PR: stay for 2-4 weeks, Outpatient PR: for 6-12 weeks



Improved physical performance 

and survival benefit after PR

Thorax 2022;77:589-595

• During f/u period of 25 months, 267(35%) patients died and 33 received lung transplantation

• Mean change in 6MWD: Inpatient PR(55m) + any increase 79% and Outpatient PR(34m) + any increase 76%

• Improvement in 6MWD was associated with lower hazard rates for death or lung transplantation [Inpatient 

PR – HR per 10m 0.94, p<0.001, Outpatient PR – HR 0.97, p<0.001]



특발성폐섬유증 (Idiopathic Pulmonary Fibrosis)



IPF - Lung Transplantation



IPF - Lung Transplantation



Scientific reports 2019;9:9347

• Retrospective single-center study of 89 IPF patients between 2007 and 2015 

• PR group – completion of 3 sessions a week (total 36 weeks)

• Control group – noncompletion (median 10 sessions)

▲6MWD 

→ 43M



Scientific reports 2019;9:9347

Kaplan-Meier curve of cumulative survival Cox regression analysis for mortality



Scientific reports 2019;9:9347

Primary and Secondary outcomes after LT

Summary

❖ Role of PR is not just functional 

capacity improvement in short 

period

❖ PR may improve survival after 

LT

• Better pre-transplant 

conditioning

• Reduced mechanical 

ventilation(Liberation) and 

ICU stay

• Faster recovery



Summary

• PR – One of the standard care for ILD, alongside antifibrotics

• PR improve exercise capacity, symptoms, and QOL

• Due to marked exertional hypoxemia, careful monitoring and 

appropriate supporting of oxygen is essential during PR

• For survival benefit, long-term maintenance and early 

consideration of PR is important

• Individualized PR strategies tailing each baseline characteristics 

and ILD sub-type
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