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Idiopathic pulmonary fibrosis

• Chronic, progressive lung disease occurring primarily in older adults, 

with a median survival of 3–5 years from diagnosis

• Most common and severe form of idiopathic interstitial pneumonia

• Few treatment options

Pirfenidone: approved in US in 2014

covered by Korea National Health Insurance in 2015

Nintedanib: approved in US in 2014

not covered by KNHI yet

• 희귀난치성질환산정특례대상 (2009년)
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• Decline in FVC: widely used to identify disease progression

• Advantages of FVC

Ease and reproducibility of measurement

Serial decline in FVC for 6-12M: predicts earlier mortality 

• Serial FVC change

Preferred primary endpoint in IPF clinical trials

2011 ATS/ERS IPF guideline: FVC - routine monitoring variable 

Am J Respir Crit Care Med, 2017. 196(9): p. 1162-1171.



Impact of concurrent emphysema

• Emphysema (+) in approximately 1/3 IPF patients

• Previous studies for the relationship btw emphysema extent and 

changes in lung function: mixed results

• Hypothesis

Coexisting emphysema has a significant attenuating effect on 

serial FVC decline

FVC for disease monitoring/primary endpoint in trials?

• Aim of the study

• To characterize the relationship btw emphysema extent and 

changes in pulmonary function over time



Methods

• Post hoc analysis 

• Data from 2 phase III RCT of IFN-γ-1b in IPF (GIPF-001 and 007) 

• Patients with Week 48 lung function data

• Eligibility for inclusion

• GIPF-007 

• All patients with FEV1/FVC < 0.7 or > 0.9 

• Randomly selected patients with FEV1/FVC of 0.7–0.8 and 
0.8–0.9 

• GIPF-001

• All patients with FEV1/FVC < 0.8 or > 0.9

• Randomly selected patients with FEV1/FVC of 0.8-0.9

• HRCT images reviewed
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Predicted 48 week absolute change in 
% pred FVC by fibrosis extent



Conclusion

• Emphysema extent ≥ 15% was associated with reduced 
FVC decline over 48 weeks compared with < 15% or no 
emphysema in patients with IPF

• In patients with combined IPF and emphysema, serial FVC 
measurements may not capture IPF progression

• Other endpoints (DLCO, CPI, etc.) should be considered in 
patients with combined IPF and emphysema
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Pirfenidone

• A pyridone derivative

• Anti-fibrotic, anti-inflammatory, anti-oxidant

• CAPACITY1, CAPACITY2, ASCEND trial

• ASCEND trial (N Engl J Med 2014;370:2083–92)

 FVC 50-90 % pred, DLCO 35-90% pred, FEV1/FVC≥ 0.8

Significantly reduced the change in FVC % pred from baseline

Significantly reduced number of patients with decreased FVC or 
death

• Pooled data analysis (ASCEND and CAPACITY trials) (ERJ 2016;47:243)

 Better progression-free survival

Decreased all-cause mortality

Decreased IPF-related mortality

• Nausea and rash being the most frequent adverse events



Nintedanib

• A potent intracellular inhibitor of tyrosine kinases receptors (FGFR, 
PDGFR, VEGFR) involved in lung fibrosis

• INPULSIS-1, INPULSIS-2 trials (NEJM 2014;370:22)

 FVC≥60% pred, DLCO 30-79% pred

 Significantly reduced the annual rate of decline in FVC (p<0.0001)

 Acute exacerbation was significantly reduced only in INPULSIS-2

• Pooled data analysis (INPULSIS-1, 2) (AJRCCM 2016;193:178)

• Reduced annual rate of decline in FVC 

• Prolonged time to disease progression (HR 0.6, 95% CI: 0.49-0.74)

• Prolonged time to first acute exacerbation (HR 0.64, 95% CI 0.39-1.05)

• Gastrointestinal adverse events, particularly diarrhea, were the most 
frequent adverse events



• Respiratory related hospitalization are associated with increased 
mortality and health care costs in IPF

• Aim of the study

To evaluate the 1-year risk of non-elective hospitalization (including 
all-cause, respiratory related, and non–respiratory related) and 
death after hospital admission among patients randomized to 
pirfenidone versus placebo

Am J Respir Crit Care Med,2017. 196(6): p. 756-761.



Methods

• Post hoc analysis 

• Study population from 3 phase III RCT of pirfenidone (CAPACITY 004, 

006, and ASCEND trial) 

• CAPACITY (72 weeks)

 FVC %pred ≥ 50%, DLco %pred ≥ 35%, 6MWT ≥ 150 m

Upper limits : FVC or DLco %pred ≤ 90%

 Post BD FEV1/FVC ≥ 70%

• ASCEND (52 weeks)

 FVC %pred ≥ 50%, DLco %pred≥ 30%, 6MWT ≥  150 m

Upper limits : FVC and DLco %pred ≤ 90%

 Post BD FEV1/FVC ≥ 80%

• Hospitalization 

 Prespecified secondary endpoint in CAPACITY

Recorded as serious adverse events in ASCEND



Risk of first non-elective 
hospitalization by type



Time to first non-elective 
respiratory-related hospitalization

p-value (log-rank): 0.001

HR (95% CI): 0.52 (0.36,0.77)

Placebo

Pirfenidone



Deaths after non-elective admission

This association was no longer significant 

when we considered F/U to 72 weeks in the CAPACITY trials



Conclusion

• Pirfenidone reduces the risk of hospitalization for 
respiratory reasons

• The effect of pirfenidone on death after hospitalization is 
uncertain



• Diagnosis of IPF in 2011 ATS/ERS guideline 
 Exclusion of other known causes of ILD

 UIP pattern on HRCT in patients without surgical lung biopsy 

• UIP pattern

 Subpleural basal predominance / Reticular abnormality

Honeycombing / Absence of features inconsistent with UIP

• Possible UIP or inconsistent of UIP pattern

 Surgical lung biopsy is required to make a definitive diagnosis

• Aim of the study

 To investigate the potential impact of diagnostic subgroups on the 
progression of IPF and the effect of nintedanib

Am J Respir Crit Care Med, 2017. 195(1): p. 78-85. 



Methods

• Study population from 2 phase III RCT of nintedaib (INPULSIS-1, 2)

• Inclusion criteria of INPULSIS 

 A: honeycombing with basal/peripheral predominance

 B: reticular abnormality and traction bronchiectasis

C: absence of atypical features 

• (A+B+C) or (A+C) or (B+C)

• FVC ≥50% predicted (no upper threshold)

• DLCO 30% - 79% predicted 

• FEV1/FVC ratio ≥0.7.

• Post hoc subgroup analysis

 Patients with honeycombing on HRCT and/or UIP by surgical lung biopsy 

vs patients with possible UIP on HRCT without surgical lung biopsy



Annual decline rate in FVC 
by subgroup 

723 338

No 

difference!



Change from baseline in FVC over time 
by subgroup



Conclusion

• Patients who have possible UIP with traction 
bronchiectasis on HRCT have disease that progresses in a 
similar way and responds similarly to nintedanib, as do 
patients who have definite UIP on HRCT and/or 
confirmation of UIP by biopsy



• Clinical course of IPF is variable and difficult to predict

• No consensus regarding at which point therapy should be initiated or 
stopped

• INPULSIS trial : no upper limit on FVC% pred for inclusion

• Aim of the study: whether patients with IPF and preserved lung volume 
(FVC > 90% predicted) received the same benefit from nintedanib as 
patients with greater impairment in lung volume

• Post hoc subgroup analysis from 2 INPULSIS trials

 Patients with baseline FVC >90% pred versus ≤90% pred

Thorax, 2017. 72(4): p. 340-346.



Adjusted annual rate of decline in FVC 
by subgroup

No 

difference!

274 787



Conclusion

• The annual rate of decline in FVC was similar in placebo-
treated patients with preserved lung volume (FVC >90% 
predicted) at baseline as in patients with greater 
impairment in lung volume

• Nintedanib slowed the decline in lung function 
independent of the degree of FVC impairment at baseline

• Against a ‘watch and wait’ approach & early intervention



• Acute exacerbation (AE) defined in 2007
 Acute deteriorations in symptoms associated with changes in radiographic 

appearance and the absence of an identifiable cause

 Occur in approximately 5–10% of patients annually

 Associated with high morbidity and high short term mortality

• Risk factor of AE

 Low FVC, worse dyspnea, worse gas exchange, honeycombing, greater 
extent of disease on HRCT, GERD, elevated KL-6, air pollution

• Aim of the study

 To further investigate the risk factors for AE of IPF

 To explore the impact of nintedanib on risk and outcome of investigator-
reported and confirmed/suspected AE

Eur Respir J, 2017. 49(5)



Methods

• Study population from 2 phase III RCT of nintedaib (INPULSIS-1, 2)

• Post hoc subgroup analysis

• Definition of AE (2007)
 Unexplained worsening or development of dyspnea within 30 days

 New diffuse pulmonary infiltrates on chest radiograph and/or HRCT 

 Possible causes of the acute worsening (infection, left heart failure, pulmonary 
embolism etc) excluded by routine clinical examination and microbiological studies

• Adjudication of AE

 Investigator completed an Acute Exacerbation Questionnaire & documents

 Adjudication committee: 3 experts in IPF who were not investigators in the 

INPULSIS trials, blinded to treatment allocation 

Confirmed AE / Suspected AE / Not an AE



Events included in the analyses

79 investigator reported AE (69 pts)

Nintedanib: 37 events (34 pts) Placebo: 42 events (35 pts)

15 events adjudicated as confirmed or 

suspected AE (14 pts)

27 events adjudicated as confirmed or 

suspected AE (25 pts)

21 events adjudicated as not AE 

(20 pts)
14 events adjudicated as not AE 

(10 pts)

Incidence rates of investigator-reported AE 

• Nintedanib group- 5.3/100 patient-years

• Placebo group- 8.2/100 patient-years

(risk ratio 0.65; 95% CI 0.40, 1.04; p=0.07).

Incidence rate of confirmed or suspected AE

• Nintedanib group - 2.2/100 patient-years

• Placebo group - 5.8/100 patient-years

(risk ratio 0.37; 95% CI 0.19, 0.72; p=0.003)



Risk prediction models for AE 

Investigator-reported AE

Adjudicated confirmed 

or suspected AE



Mortality following AE 

Seasonality of AE



Conclusion

• Acute exacerbations of IPF assessed by local investigators were 
associated with poor outcomes, regardless of whether they were 
centrally confirmed or not

• Acute exacerbation of IPF is more common in patients with more 
physiologically advanced disease (lower FVC% pred)

• Treatment with nintedanib may reduce the risk of developing an acute 
exacerbation

• Nintedanib may improve post-acute exacerbation survival, but not 
statistically significant  



• Pirfenidone and nintedanib

Reduce the rate of disease progression in IPF patients

No drugs stop disease progression yet

 Thought to target different aspects of the fibrotic cascade 

 Suggesting that therapy with both drugs may provide additive or even 
synergistic effects

• Aim of the study

 To investigate safety, tolerability, and pharmacokinetic and exploratory 
efficacy endpoints in patients treated with nintedanib and add-on 
pirfenidone versus nintedanib alone

Am J Respir Crit Care Med, 2018. 197(3): p. 356-363.



Methods

• Open-label, randomized trial of nintedanib with add-on pirfenidone compared with 
nintedanib alone in patients with IPF

• Inclusion criteria : Age ≥ 40,  FVC ≥ 50 % pred

• Exclusion criteria:  

 AST/ALT elevation, T.bil elevation

 History of MI within 6 months, or unstable angina within 1M 

 Bleeding risk (anticoagulation or high dose antiplatelet therapy)

 History thrombotic event within 12M

• Primary endpoint: % of patients with on-treatment GI adverse events 



Adverse events
On-treatment GI adverse events - 37 (69.8%) in nintedanib with add-on pirfenidone group

27 (52.9%) in nintedanib alone group



Exploratory efficacy outcome: 
Absolute change from baseline in FVC

- 13.3mL(17.4mL)

- 40.9mL(31.4mL)



Conclusion

• Treatment with nintedanib and add-on pirfenidone for 12 
weeks had a manageable safety and tolerability profile

• Smaller numerical decline in FVC over 12 weeks in 
patients treated with nintedanib with addon pirfenidone 
than with nintedanib alone 



• Cardiovascular (CV) comorbidities are common in IPF

• Medications are often required to treat patients with CV risk factors

• Statin
Attenuate the decline in pulmonary function associated with normal ageing

Development of ILD  controversial

Effect on ILD  controversial (no effect vs reduced mortality)

• Aim of the study

 To investigate the potential effects of statins in patients with IPF

 To investigate the potential effects of statins on disease related outcomes 
in IPF

Thorax 2017. 72(2): p. 148-153.[7]



Methods

• Post hoc analysis of data from the placebo arms of 3 phase III RCT of 
pirfenidone in IPF (ASCEND, CAPACITY 1, 2)

• Exclusion criteria of the ASCEND, CAPACITY-1 and 2

History of unstable or deteriorating cardiac disease within previous 6 M

 Active infection/ Active malignancy

COPD from ASCEND

• Outcomes evaluated 

• Disease progression / all-cause mortality / IPF-related mortality 

• Change from baseline in FVC, 6MWD

• All-cause hospitalization and respiratory-related hospitalization

• The composite outcomes of all-cause mortality or a ≥10% 
absolute decline in % pred FVC and all-cause mortality or a ≥50 m 
decline in 6MWD were prespecified outcomes in ASCEND



Baseline demographics

simvastatin, 38.4%; atorvastatin, 34.8%; pravastatin, 9.8%; rosuvastatin, 9.4%; other, 7.6%

v

v

v

v

v



Multivariate analyses
baseline statin users vs non-users



Conclusion

• This post hoc analysis supports the hypothesis that statins 
may be beneficial in patients with IPF. 

• Future studies should include prospective analyses of 
statin use in IPF and their potential use in combination with 
antifibrotic therapies.
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• The natural history of IPF has not been fully elucidated and remains 
unpredictable

• Air pollution: associated with poorly controlled asthma, altered lung function 
growth, increased incidence of COPD, AE COPD, respiratory-related 
mortality

• Significant association between AE and increased urban background levels 
of ozone and nitrogen dioxide close to the residential addresses in the 
previous 6 weeks in Korea (Eur Respir J 2014;43:1124–31)

• Aim of the study

To investigate the impact of major urban air pollutants, namely NO2, 
O3, PM10 and PM2.5 on AE, disease progression and death

Thorax, 2018. 73(2): p. 145-150.



Methods

• COFI (Cohorte Fibrose): a national multicenter prospective study on 
the natural history of IPF in France, December 2007 to December 
2010, with 5-year follow-up

• Definition of AE: (1) worsening dyspnoea ≤1 month, (2) decrease in 
PaO2 >10 mm Hg compared with the results of the previous 
scheduled visit, (3) new opacities on HRCT (4) exclusion of other 
causes of worsening

• Definition of disease progression: (1) absolute decrease in 
FVC >10%pred or absolute decrease in DLco>15%pred compared 
with baseline values, (3) within >6 months and (3) exclusion of other 
causes of worsening.

• Air pollution data: French Regional Air Quality Agencies

• Hourly concentrations of NO2, O3, PM10 and PM2.5 from rural and traffic 
ambient air monitoring stations, during the study period

• Exposure period: 6 weeks preceding the date of AE, entire period form 
inclusion to the date of disease progression or death





Conclusion

• Short-term exposure (6W) to increased levels of ozone is a 
risk factor for AE of IPF

• Long-term exposure to elevated levels of PM10 and PM2.5 
is a risk factor for mortality in patients with IPF
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Sarcoidosis

• A multisystem granulomatous disorder of unknown etiology 

• Self limiting in most patients, but organ-threatening and life 
threatening in others

• Reported mortality rate: 1%-5%

• Rate of hospitalization and death from sarcoidosis has increased 
significantly during the past 30 years

• Sarcoidosis related mortality

Respiratory failure: most common cause

Neurologic and cardiac complications

• 희귀난치성질환산정특례대상



• Respiratory failure: most common cause of sarcoidosis-related death

• Prognostic factors for mortality and organ threatening disease

Older age

 Presence of precapillary pul HTN

 Impaired lung function (reduced VC)

 Presence of pulmonary fibrosis

• Aim of the study

 To assess the value of several factors in predicting respiratory death in 
pulmonary sarcoidosis in a large cohort of unselected patients with 
sarcoidosis 

Chest, 2018. 153(1): p. 105-113



Methods

• Retrospective cohort study

• University of Cincinnati Sarcoidosis Clinic, between 2002 and 2008

• Minimum 8-year follow-up

• Variables

 Age, sex, time of death, spirometry, DLCO, chest radiograph stage

Deaths: confirmed by using the National Death Index database and  the 
Social Security Death Master File

 Fibrotic extent on HRCT - minimal (< 20%) or moderate to severe (> 20%)

 Presence of precapillary pul HTN 

Gender-Age-Physiology (GAP) index / GAP stage were calculated

Walsh model criteria (CPI, HRCT fibrosis, HRCT estimate of pul HTN)  for 
high vs low risk were calculated



P=0.0139

P=0.0178

overall mortality - 8%



Predictor of mortality by 
cox proportional hazard regression



Conclusion

• Advanced age, extensive pulmonary fibrosis on HRCT, 
pulmonary hypertension were independent predictors of 
mortality
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• ILD accounts for the majority of deaths in patients with SSc

• Scleroderma Lung Study (SLS) (N Engl J Med 2006;354:2655–66)

Compare cyclophosphamide (CYC) with placebo

 Favored CYC for FVC change, dyspnea, skin thickening, QOL etc

• Scleroderma Lung Study II (SLS II) study (Lancet Respir Med 2016;4:708–19)

Compare CYC (1Y) with MMF (2Ys) for SSc-ILD

Comparable efficacy in FVC change, and less adverse events with MMF 

No placebo arm

• Aim of the study

 To determine whether MMF improve FVC %pred over 2 ys compared with 
placebo

 to compare secondary efficacy outcomes and the safety profiles 

Arthritis Rheumatol, 2017. 69(7): p. 1451-1460.



Methods

• All participants of the MMF arm of SLS II and the placebo arm of SLS I 

• Common inclusion criteria of SLS I and SLS II

 Age ≥18 years/ duration of disease ≤7 years

 FVC 40–85% pred (SLS I) or 40–80% pred (SLS II)

DLCO ≥ 40% pred (or 30–39% pred if significant pulmonary HTN (-))

 Evidence of any ground glass opacity on HRCT: “active” disease

• Primary outcome

 FVC % pred

• Secondary outcomes

DLCO %pred

 Transition Dyspnea Index (TDI)

modified Rodnan skin thickness score (MRSS)

 Safety



Month

P<0.0001

P<0.0001

• Treatment with MMF was also associated with
 Improved MRSS over 24 M (p < 0.0001)

 Improvement in dyspnea compared as measured by the TDI (p = 0.0112)



Conclusion

• Treatment with MMF is associated with improvements in 
the % predicted FVC, % predicted DLCO, TDI, and MRSS, 
compared with placebo in SSc-ILD

• The MMF treatment effect was greatest within the first 12 
months but persisted throughout the 2-year trial
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Lymphangioleiomyomatosis (LAM)

• Uncommon, progressive and often fatal lung disease of young 

women characterized by smooth muscle cell (LAM cell) infiltration 

and cystic destruction of lung tissue 

• Medial survival: 8.5-29 years

• MILES trial (NEJM 2011;364:1595)

Sirolimus: reduced decline in FEV1 

covered by National health insurance in Korea

• 희귀난치성질환산정특례대상



Am J Respir Crit Care Med, 2016.194(6): p. 748
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Am J Respir Crit Care Med, 2017. 196(10): p. 1337-1348.
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 Idiopathic pulmonary fibrosis (IPF)

• Monitoring of IPF

 Emphysema extent ≥ 15%: associated with reduced FVC decline 

 Serial FVC measurements may not capture IPF progression in 

CPFE patients

• Treatment of IPF

 Pirfenidone reduces the risk of respiratory related hospitalization  

 Patients with possible UIP on HRCT have similar disease 

progression and response to nintedanib as do patients with definite 

UIP on HRCT and/or confirmation of UIP by biopsy

 Nintedanib slowed the decline in lung function independent of the 

degree of FVC impairment at baseline

 Treatment with nintedanib may reduce the risk of developing an AE 

 Treatment with nintedanib and add-on pirfenidone for 12 weeks had 

a manageable safety and tolerability profile

 Statins may be beneficial in patients with IPF. 

Summary



 Idiopathic pulmonary fibrosis (IPF)

• Effect of atmospheric pollution on IPF

 Short-term exposure (6W) to increased levels of ozone is a risk 

factor for AE of IPF

 Long-term exposure to elevated levels of PM10 and PM2.5 is a risk 

factor for mortality in patients with IPF

 Sarcoidosis

 Advanced age, extensive pulmonary fibrosis on HRCT, pulmonary 

hypertension were independent predictors of mortality

Summary



 Systemic sclerosis related ILD 

• Treatment with MMF is associated with improvements in % pred FVC, 

% pred DLCO, TDI, and MRSS, compared with placebo 

• The MMF treatment effect was greatest within the first 12 months but 

persisted throughout the 2-year trial

 Lymphangioleiomyomatosis (conditional recommendation)

• Don’t use HRCT as sole confirmatory features for LAM diagnosis

• Use TBLB before a surgical lung biopsy

• Offer patients pleurodesis after initial pneumothorax

• Don’t consider pleurodesis as a contraindication to future lung TPL

Summary



Thank you for your attention 


