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Therapeutic Interventions



Lederer D et al. NEJM 2018; 378: 19



Pharmacologic Management of IPF

Lederer D et al. NEJM 2018; 378: 19



• A total of 576 patients in 32 countries from 2015 Nov to 2017 Oct

• RCT over 52 weeks 

• Inclusion : ≥18 years; fibrotic lung in CT ≥10%; FVC ≥40%; 

DLCO 30% to 89%

• 48.4 % on mycophenolate

Distler O et al. NEJM 2019; 380: 2518 -2528 

Nintedanib : 150 mg bid 

Nintedanib for Systemic Sclerosis Ass. ILD (SENSCIS)



• Primary endpoint: Annual decline in FVC over 52 weeks.

• Key secondary endpoints 

1) Modified Rodnan Skin Score (mRSS) 

2) SGRQ total score

Distler O et al. NEJM 2019; 380: 2518 -2528 

Nintedanib for Systemic Sclerosis Ass. ILD (SENSCIS)



Nintedanib for Systemic Sclerosis Ass. ILD (SENSCIS)

• Primary end point analysis (annual rate of change in FVC)

→ − 52.4 ml /year in the nintedanib group 

→  −93.3 ml / year in the placebo group 

→  Difference of FVC  : 41.0 ml per year; p=0.04

• No significant difference in secondary outcomes (mRSS
and SGRQ)

• Diarrhea

→ 75.7% in the nintedanib group & 31.6% in the placebo

Distler O et al. NEJM 2019; 380: 2518 -2528 



Nintedanib for Systemic Sclerosis Ass. ILD (SENSCIS)

• Primary end point analysis (annual rate of change in FVC)

→ − 52.4 ml /year in the nintedanib group 

→  −93.3 ml / year in the placebo group 

→  Difference of FVC  : 41.0 ml per year; p=0.04

• No significant difference in secondary outcomes (MRSS 
and SGRQ)

• Diarrhea

→ 75.7% in the nintedanib group & 31.6% in the placebo

Distler O et al. NEJM 2019; 380: 2518 -2528 



Nintedanib in Progressive Fibrosing ILD (INBUILD Trial)

• A total of 663 patients in 15 countries from 2017 Feb to 2018 Apr

• RCT over 52 weeks

• Inclusion : age ≥ 18 years,  fibrotic lung in CT ≥10%, FVC ≥45%, 

DLCO 30% to 80% 

• Exclusion : azathioprine, cyclosporine, mycophenolate, tacrolimus, 
rituximab, cyclophosphamide, or oral glucocorticoids (≥20 mg / day)

Flaherty KR et al. NEJM 2019; 380: 2518 -2528 



Nintedanib in Progressive Fibrosing ILD (INBUILD Trial)

• UIP pattern : 62.0% in nintedanib vs 62.2% in placebo

• Chronic HP : 26.1%, 

• Autoimmune ILD : 25.6%

Flaherty KR et al. NEJM 2019; 380: 2518 -2528 



Nintedanib in Progressive Fibrosing ILD (INBUILD Trial)

• Primary endpoint: FVC decline over 52 weeks

• Key secondary endpoints 

1) King’s Brief Interstitial Lung Disease (K-BILD) 
questionnaire : breathlessness and activities, 
psychological factors, and chest symptoms

2)  Time until first acute exacerbation or death 

Flaherty KR et al. NEJM 2019; 380: 2518 -2528 



Nintedanib in Progressive Fibrosing ILD (INBUILD Trial)

Flaherty KR et al. NEJM 2019; 380: 2518 -2528 

62.0%

62.2%



Nintedanib in Progressive Fibrosing ILD 
(INBUILD Trial)

Flaherty KR et al. NEJM 2019; 380: 2518 -2528 



Nintedanib in Progressive Fibrosing ILD 

• Annual rate of decline in the FVC

→ Significantly lower among nintedanib group than placebo 

→ Diarrhea : a common adverse event

Flaherty KR et al. NEJM 2019; 381: 1718 -1727 



Pirfenidone in patients with unclassifiable progressive 
fibrosing ILD: RCT, phase 2 trial

• A total of 253 patients in 70 countries from 2017 May to 
2018 Jun

• RCT over 24 weeks 

• Inclusion : ≥18 - 85 years; fibrotic lung in CT ≥10%; 
FVC ≥45%; DLCO ≥ 30% to 89%

Maher et al. Lancet Resp Med 2019; S2213 



Pirfenidone in patients with unclassifiable progressive 
fibrosing ILD : RCT, phase 2 trial

• Primary endpoint : Mean change of FVC by home spirometry

• Secondary endpoints 

5% or 10 % of FVC decline by site spirometry; 

SGRQ; DLCO; 6 MWD, etc

Maher et al. Lancet Resp Med 2019; S2213 



• FVC mean change by home spirometry (primary endpoint)

– 87.7 mL in the pirfenidone

– 157.1 mL in the placebo 

Maher et al. Lancet Resp Med 2019; S2213 

Pirfenidone in patients with unclassifiable progressive 
fibrosing ILD : RCT, phase 2 trial



Maher et al. Lancet Resp Med 2019; S2213 

Pirfenidone in patients with unclassifiable progressive 
fibrosing ILD : RCT, phase 2 trial



Prognosis



Association of Angiotensin Modulators 
With the Course of IPF 

• All patients randomized to placebo (n = 624) in the 
CAPACITY and ASCEND studies 

→ 111 pts : angiotensin-converting enzyme inhibitor (ACEi) 

→ 121 pts : angiotensin II receptor blocker (ARB)

→ 392 pts : receiving neither 

• Outcomes of disease progression

→ 10% absolute decline in % predicted FVC, 

50-m decline in 6 MWD, or death 

• All-cause mortality : assessed over 52 weeks.

Kim J et al. Chest 2020; 157: 580 -589 



Wilkipedia



Association of Angiotensin Modulators
With the Course of IPF 

Kim J et al. Chest 2020; 157: 580 -589 



Kim J et al. Chest 2020; 157: 580 -589 

Association of Angiotensin Modulators 
With the Course of IPF 



Multivariable analyses





• Subgroup analyses 

→ 117 patients with echocardiographic RHD

→ 156 patients without echocardiographic RHD

• Measured outcomes 

→ change from baseline in SGRQ and FVC at weeks 12 & 24

→ changes from baseline in BNP at weeks 24 

Behr J et al. AJRCCM 2019; 200: 1505 -1512 

Nintedanib and Sildenafil in Patients with IPF 
and Right Heart Dysfunction (INSTAGE)



FVC (INSTAGE) 

Behr J et al. AJRCCM 2019; 200: 1505 -1512 

12 weeks 24 weeks



• Nintedanib plus sildenafil versus nintedanib alone 

→ a numerically greater effect on reducing FVC decline

→ no significant differences on changes in SGRQ and 
FVC between patients with or without echocardiographic 
RHD

Nintedanib and Sildenafil in Patients with IPF 
and Right Heart Dysfunction (INSTAGE)

Behr J et al. AJRCCM 2019; 200: 1505 -1512 



Hypersensitivity Pneumonitis
Radiologic Phenotypes Are Associated With Distinct
Survival Time and Pulmonary Function Trajectory

Salisbury M et al CHEST 2019; 155(4):699-711

• Review of the University of Michigan’s multidisciplinary 
ILD conference

• HP (n = 117) : diagnosis with surgical/transbronchial
lung biopsy, BAL, and exposure history results 

• IPF (n = 152) : clinical and histopathological diagnosis 

• HRCT & FVC

• Survival time from HRCT to death or lung transplant 

• Cox proportional hazards models



Hypersensitivity Pneumonitis
Radiologic Phenotypes Are Associated With Distinct
Survival Time and Pulmonary Function Trajectory

Salisbury M et al CHEST 2019; 155(4):699-711



Right Ventricular to Left Ventricular Ratio
at CT Pulmonary Angiogram Predicts

Mortality in ILD 

Bax S et al CHEST 2020; 157(1):89-98

• METHODS: ILD patients undergoing both CTPA and right 
heart catheterization at the Royal Brompton Hospital 
between 2005 and 2015 



Bax S et al CHEST 2020; 157(1):89-98



Efficacy of Pirfenidone in the Context of
Multiple Disease Progression Events in IPF

Nathan S et al CHEST 2019; 155(4):712-719

• Pirfenidone 2,403 mg/d (n = 623) or placebo (n = 624) 
in the post hoc analysis of ASCEND and CAPACITY 

• Disease progression 
→ relative decline in 10% of FVC
→ absolute decline in 50 m of 6MWD 
→ respiratory hospitalization
→ death from any cause. 

• Assessment of disease progression events over 12 
months 



Efficacy of Pirfenidone in the Context of
Multiple Disease Progression Events in IPF

Nathan S et al CHEST 2019; 155(4):712-719



Biomarkers & Measurements



Raghu G et al, AJRCCM 2018 Sep 1;198(5):e44-e68

2011 ATS 



Imaging Patterns Are Associated with Interstitial 
Lung Abnormality Progression and Mortality

• ILA (interstitial lung abnormality) assessed in 5,320 
participants from the AGES-Reykjavik (Iceland) Study

• Chest CT follow up after 5 years : 3,167 participants

• Multivariable logistic regression to assess factors 
associated with ILA progression 

• Cox proportional hazards models to assess mortality

Putman RK et al AJRCCM 2019 ; 200: 175-183



Imaging Patterns Are Associated with Interstitial 
Lung Abnormality Progression and Mortality

• Associated with imaging progression

→ age, fibrosis pattern, and MUC5B genotype 

• Associated with an increased mortality compared with  
indeterminate UIP after adjustment 

→  Probable UIP (HR, 1.7; 95% CI, 1.2–2.4) 

→  UIP pattern (HR, 3.9; 95% CI, 2.3–6.8) 

Putman RK et al AJRCCM 2019 ; 200: 175-183



Putman RK et al AJRCCM 2019 ; 200: 175-183

Imaging Patterns Are Associated with Interstitial 
Lung Abnormality Progression and Mortality



Probable UIP pattern on chest CT:
Is it sufficient for a diagnosis of IPF?

• INPLUSS trial (Richeldi L et al : Efficacy and safety of 

nintedanib in idiopathic pulmonary fibrosis. NEJM 2014; 
370: 2071–2082) → fibrosing interstitial pneumonia with a 
combination of traction bronchiectasis and a possible UIP 
pattern on CT

• Retrospective comparison of the prognosis and 
time to first AE in IIP patients on initial chest CT 

→ 160 patients with a UIP pattern 

→ 242 with a probable UIP pattern

Fukihara J et al. ERJ 2020; 55: 1802465



• The prevalence of a histopathological UIP pattern

→  82% (27 out of 32) for a UIP pattern on chest CT

→  83% (90 out of 109) for a probable UIP pattern 

• The probability of an MDD diagnosis of IPF 

→  83% (90 out of 109) for a probable UIP pattern 

declined to 66% (72 out of 109)

Conclusion
Probable UIP pattern on chest CT: Is it sufficient for a 

diagnosis of IPF?

Fukihara J et al. ERJ 2020; 55: 1802465



Longer survival time 
(HR 0.713, 95% CI 0.536–0.950; p=0.021) 

Fukihara J et al. ERJ 2020; 55: 1802465

Probable UIP pattern on chest CT: 
Is it sufficient for a diagnosis of IPF?

Longer time to first AE
(HR 0.580, 95% CI 0.389– 0.866; p=0.008)



Probable UIP pattern on chest CT:
Is it sufficient for a diagnosis of IPF?

Fukihara J et al. ERJ 2020; 55: 1802465



• Probable UIP vs. UIP among IIP patients on initial chest 
CT → a better prognosis and longer time to first AE 

• When a final diagnosis of IPF was provided, CT pattern 
was not associated with these outcomes. 

• This suggests diagnostic heterogeneity among patients 
with a probable UIP pattern.

Probable UIP pattern on chest CT: Is it sufficient for a 
diagnosis of IPF?

Fukihara J et al. ERJ 2020; 55: 1802465



Telomere Length and Use of 
Immunosuppressive Medications in IPF

• LTL (Leukocyte telomere length) from DNA samples 

→ PANTHER-IPF (n = 118)

→ ACE-IPF (Anticoagulant Effectiveness in IPF) (n = 101)

→ Independent observational cohort 

(Texas Southwestern Medical Center-IPF, n = 170)

Newton et al AJRCCM 2019 ; 200: 336 - 347



Newton et al AJRCCM 2019 ; 200: 336 - 347

Telomere Length and Use of 
Immunosuppressive Medications in IPF



Telomere Length and Use of Immunosuppressive 
Medications in IPF

Newton et al AJRCCM 2019 ; 200: 336 - 347



Telomere Length and Use of 
Immunosuppressive Medications in IPF

• Immunosuppression : part of the medical 
armamentarium for many progressive non-IPF 
forms of ILD (HP and CTD–ass. ILD). 

• Short telomere length can be a biomarker?

→ interaction between telomere and   

immunosuppression

Newton et al AJRCCM 2019 ; 200: 336 - 347



Functional ageing in fibrotic ILD :
Impact of frailty on adverse health outcomes

• 540 Patients prospectively recruited from ILD clinic. 

• Frailty index ; self-reported frailty index of 42 deficits 

→ 19 comorbidities 

→ 23 deficits related to independence and self-care

• Functional ageing determined by 

→ Frailty index

→ biological age by absolute telomere length (aTL) of blood leukocytes 

• Adverse health outcomes 

→ SGRQ, hospitalisation, medication tolerability, 

time to death, lung transplantation 

Gular SA et al. ERJ 2020; 55: 1900647



Functional ageing in fibrotic ILD : 
Impact of frailty on adverse health outcomes

Gular SA et al. ERJ 2020; 55: 1900647



Conclusions

Functional ageing

→ associated with adverse health outcomes 
in patients with fibrotic ILD, indicating the 
need for consideration of the individual 
functional age into clinical decision-making

Gular SA et al. ERJ 2020; 55: 1900647



Associations of Serum Adipokines with Subclinical ILD :
Multi-Ethnic Study of Atherosclerosis (MESA)

• Adipokines → adiponectin, leptin, and resistin,

• Adiponectin 

→ Inhibits the proinflammatory NF-kB 

→ Increases the anti-inflammatory cytokine IL-10

• Leptin and resistin

→ Proinflammatory

→ Increases production of IL-1b, and stimulate monocyte 

and CD4 T-lymphocyte proliferation.

Kim S, CHEST 2020; 157(3):580-589



Associations of Serum Adipokines with Subclinical ILD :
Multi-Ethnic Study of Atherosclerosis (MESA)

• A subset of MESA (n = 1,968)

• Measurements during follow-up visits (2002-2005)

→ adiponectin, leptin, and resistin

→ CT measures (markers of subclinical ILD)

high-attenuation areas (HAAs) 

interstitial lung abnormalities (ILAs) 

→  FVC

Kim S, CHEST 2020; 157(3):580-589



Associations of Serum Adipokines with Subclinical ILD :
Multi-Ethnic Study of Atherosclerosis (MESA)

Kim S, CHEST 2020; 157(3):580-589

Higher adiponectin : associated with lower 
HAA among adults with a BMI ≥ 25 kg/m2



Associations of Serum Adipokines with Subclinical ILD :
Multi-Ethnic Study of Atherosclerosis (MESA)

Kim S, CHEST 2020; 157(3):580-589

Leptin : more strongly associated 
with ILA among never smokers p =0.004 



Associations of Serum Adipokines with Subclinical ILD :
Multi-Ethnic Study of Atherosclerosis (MESA)

Kim S, CHEST 2020; 157(3):580-589

Higher serum resistin levels : associated with greater HAA



Etiology



Sack C et al. ERJ 2019; 53 : 1801699 



Bacterial burden in the lower airways predicts disease 
progression in IFP independent of radiological extent

• 193 IPF patients 

• Bacterial DNA extraction in BAL 

→ 16S rRNA gene quantitative PCR

• CT quantitative scores 

→ extent, severity and topography of radiographic changes 

• Relationship of radiologic features with bacterial burden

Invernizzi R et al . ERJ 2020; 55: 1901519 



Invernizzi R et al . ERJ 2020; 55: 1901519 



Bacterial burden in the lower airways predicts disease 
progression in IFP independent of radiological extent

Invernizzi R et al . ERJ 2020; 55: 1901519 



• Bacterial burden 

→ independent predictor of survival even when 
incorporating radiographic features 

→ Predictive of disease progression (HR 1.16; 95% CI 
1.01–1.35; p=0.04)

Invernizzi R et al . ERJ 2020; 55: 1901519 





• GWAS (2,668 IPF cases and 8,591 controls) across three 
independent studies and meta-analysis (Chicago, 
Colorado, and UK  studies) 

• Replication in two independent studies (1,456 IPF cases 
and 11,874 controls) 

Genome-Wide Association Study of Susceptibility to IPF

Allen R et al AJRCCM 2020; 55: 1901519 



• KIF15, MAD1L1, and DEPTOR

• Decreased DEPTOR expression : increased susceptibility 
to mTOR signaling in lung fibrosis 

• KIF15 and MAD1L1 : a possible role of mitotic spindle-
assembly genes in IPF susceptibility

Allen R et al AJRCCM 2020; 55: 1901519 



Occupational and environmental risk factors for IPF: 
a multicenter case-control study. 

248 cases and 491 controls, aged 20-75 years, diagnosed at 16 referral 
centers between January 1989 and July 1993. 

Occupational/
environmental exposure OR*† 95% CI* OR‡ 95% CI

Cigarette smoking 1.6 1.1 - 2.4 1.8 1.2 - 2.7

Hairdressing§ 4.4 1.2 - 16.3 4.8 1.2 - 19.0

Raising birds§ 4.7 1.6 - 14.1` 4.1 1.3 - 13.4

Stone cutting/polishing§ 3.9 1.2 - 12.7 3.2 1.0 - 10.8

Metal dust¶ 2.0 1.0 - 4.0 2.0 1.0 - 4.0

Talc¶ 2.8 0.7 - 11.2 3.3 0.8 - 13.3

Livestock# 2.7 1.3 - 5.5 2.2 1.0 - 4.7

Baumgartner KB. Am J Epidemiol 2000 Aug 15;152(4):307-15.

†Adjusted for age (continuous) and cigarette smoking. 

‡Adjusted for age and all other variables listed in table.



Occupational risk factors for IPF in 
Southern Europe: a case-control study 

• 69 cases with a UIP radiological pattern from a clinical 
database of the University Hospital of Perugia in Italy 

• Controls (n = 277) among general population from the 
same catching area of cases

• January 2010 and December 2013

Paolocci et al BMC pulm med 2018; 18: 75



Occupational risk factors for IPF in 
Southern Europe: a case-control study 

• Occupations associated with UIP.

→ Farmers, veterinarians and gardeners 

(OR = 2.73, 95%CI = 1.47 – 5.10)

→ Metallurgical and steel industry workers

(OR = 4.80, 95%CI = 1.50 – 15.33) 

• Increasing the length of occupational exposure in jobs at 
risk of pulmonary fibrosis, increased the risk of UIP.

Paolocci et al BMC pulm med 2018; 18: 75



Summary



Summary

• Anti-fibrotics are tried for progressive fibrosing
ILD and systemic sclerosis associated ILD.

• Potential biomarkers for ILD

→ Imaging patterns (Interstitial Lung Abnormality)

→ Serum adipokines

→ Telomere length 

• Etiologic studies

→ Bacterial burden in the lower airways 

→ GWAS

→ Occupational risk factors 


