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Induction and progression of fibrosis 

Eur Respir J 2013; 41: 1207–1218 



Types of interstitial lung disease

https://doi.org/10.1183/16000617.0076-2018 
Eur Respir Rev 2018; 27: 180076



ATS-Classification of the
Idiopathic Interstitial Pneumonias



ATS-Classification of the
Idiopathic Interstitial Pneumonias



Future  definition and taxonomy 
of IPF ?

Splitting IPF and precision medicine

Tried to identify endotypes 

based on genetic and 

molecular studies 

Lumping IPF with other 

fibrotic diseases: the 

progressive fibrotic 

phenotype

Failed 



Evidence?
Data indicative of IPF-like disease progression in subgroups 
of patients with other progressive fibrotic lung diseases

• IPF-like outcomes in 

• CHP with a histological or CT pattern of UIP 

• RA with a histological or CT pattern indicative of UIP 

• IPAF with a histological or CT pattern indicative of UIP 

• Outcomes intermediate between IPF and other progressive fibrotic 
diseases in patients with unclassifiable ILD 

• Reports of patients with drug-induced lung disease exhibiting a fatal 
progressive fibrotic phenotype despite drug withdrawal 

• IPF-like outcomes in patients with idiopathic NSIP with disease 
progression at 6–12 months (as judged by serial FVC trends) 

• Linkage between serial decline in FVC and mortality in CHP, SSc-ILD and 
rheumatoid lung, similar to that seen in IPF 

https://doi.org/10.1183/16000617.0076-2018 
Eur Respir Rev 2018; 27: 180076



Evidence?

Data indicative of pathogenetic mechanisms common to IPF 
and other progressive fibrotic lung diseases

• Shared genetic predilection for IPF and rheumatoid lung 

• Similar links between short telomere lengths and mortality in IPF and 
CHP 

• Linkage between alveolar epithelial cell dysfunction/injury and 
pulmonary function decline in IPF and SSc-ILD

• Pathobiological mechanisms likely to contribute to disease progression 
in both IPF and SSc-ILD: alveolar stem cell

• Exhaustion/cellular senescence, mitochondrial dysfunction, impaired 
autophagy, epigenetic modifications, and immune dysregulation

https://doi.org/10.1183/16000617.0076-2018 
Eur Respir Rev 2018; 27: 180076



What about in real world?



CURRENT MEDICAL RESEARCH AND OPINION 2019, VOL. 35, NO. 11, 2015–2024

From May–June 2017 through online survey collected data from 243 pulmonologists, 

203 rheumatologists and 40 internists across France, Germany, Italy, Japan, Spain, UK 

and US who had managed 10 patients with non-IPF ILDs in the past year, including 

those with progressive fibrosing ILDs

Progressive fibrosing ILD were defined in the survey as those with fibrosis detected by 

high resolution computed tomography (HRCT) (reticular abnormality with traction 

bronchiectasis with or without honeycombing) that were progressing in terms of 

worsening of lung function (FVC and/or DLCO) and/or respiratory symptoms and/or 

chest images



Patient journey in non-IPF 
progressive fibrosing ILDs

CURRENT MEDICAL RESEARCH AND OPINION 2019, VOL. 35, NO. 11, 2015–2024



Patients  with non-IPF ILDs who 
develop a progressive fibrosing 
phenotype

CURRENT MEDICAL RESEARCH AND OPINION 2019, VOL. 35, NO. 11, 2015–2024



Reasons why patients with non-
IPF progressive fibrosing ILDs did 
not receive treatment



Agents used as first-, second- and 
third-line treatments for fibrotic ILDs



In conclusion 

• 18–32% of patients diagnosed with non-IPF ILDs will 

develop a progressive fibrosing phenotype

• 25–50% of patients with progressive fibrosing ILDs did not 

receive any drug therapy in the past year.

• Mortality is similar to patients with IPF prior to the 

availability of therapies

CURRENT MEDICAL RESEARCH AND OPINION 2019, VOL. 35, NO. 11, 2015–2024



• Address  the question of similarity between IPF and other fibrosing ILDs 

with a progressive phenotype, data from the placebo group in the overall 

population in the INBUILD trial were compared with pooled data from the 

placebo groups of the INPULSIS trials

• Both  are randomised, double-blind, placebo-controlled trial with a 52-

week treatment period



Inclusion criteria 

INPULSIS trials

• Aged ⩾40 years and had a clinical diagnosis of IPF. 

• FVC ⩾50% predicted and DLCO⩾30% and <80% predicted

• Subjects were randomised 3:2 to receive nintedanib or placebo.

INBUILD trial-(randomised 1:1)

• Age >18yr

• Physician diagnosed PF-ILDs(nine options: iNSIP, unclassifiable IIP, HP, 

RA-ILD, mixed connective tissue disease-associated ILD (MCTD-ILD), SSc-

ILD, exposure-related ILD, sarcoidosis and other fibrosing ILD)



INBUILD trial-Inclusion criteria 

• FVC of >45% and DLCO of 30 to 80% of the predicted value

• Fibrosing ILD-reticular abnormality with traction bronchiectasis with or 

without honeycombing with an extent of >10% on an HRCT scan (taken 

within the previous ⩽12 months)

• Progressive Interstitial lung disease-At least one of the following criteria 

within the last 24 months despite standard treatment (other than 

nintedanib and pirfenidone)

• Relative decline in the FVC of at least 10% of the predicted value

• Relative decline in the FVC of 5-10% of the predicted value PLUS

worsening of respiratory symptoms OR an increased extent of 

fibrosis on high-resolution CT

• Worsening of respiratory symptoms PLUS an increased extent of 

fibrosis on HRCT



Analysis 

• Analysed measures  of longitudinal disease behaviour: annual rate of 

decline in FVC (mL·year−1), observed absolute change from baseline in 

FVC (mL) over time, the proportions of subjects with relative declines in 

FVC of >5% predicted and >10% predicted at Week 52, and all-cause 

mortality

• Subgroups  of subjects with a UIP-like fibrotic pattern on HRCT and with 

other fibrotic patterns on HRCT in the INBUILD trial were compared with 

patients with IPF in the INPULSIS trials



Analysis 

• Course  of ILD in the placebo group of the INBUILD trial was assessed in 

the following five diagnostic groups: iNSIP, unclassifiable IIP, HP, 

autoimmune ILDs (RA-ILD, SSc-ILD, MCTD-ILD, plus subjects with an 

autoimmune disease noted in the “Other fibrosing ILDs” category of the 

case report form) and other ILDs (sarcoidosis, exposure-related ILDs and 

selected diagnoses from “Other fibrosing ILDs”)



Results 



Annual rate of decline in FVC



Annual rate of decline in FVC



Decline  in FVC-in sub groups of ILD



Proportion of subjects who had a relative 
decline in forced vital capacity (FVC) >10% 

predicted at Week 52



Proportion of subjects who had a 
relative decline in forced vital capacity 
(FVC) >5% predicted at Week 52



Proportion of subjects who died over 
52 weeks in the placebo groups of 
the INBUILD and INPULSIS trials



Mortality and its association with 
relative decline of >10% predicted 
in forced vital capacity



Relationship between relative decline 
in forced vital capacity (FVC) >10% 
predicted and time to death up to the 
second database lock-19 months



In conclusion 

• Fibrosing ILDs the presence of a UIP-like fibrotic pattern on HRCT is 

associated with more rapid disease progression

• But mortality is similar over long periods

• Rate of decline in FVC was similar across subgroups with different 

diagnoses



Definition 

• No uniformly accepted criteria

Patients  meeting any of the following criteria within a 24-month period 

have experienced disease progression:

• Relative  decline of ⩾10% in forced vital capacity(FVC)

• Relative  decline of ⩾15% in DLCO

or

• Worsening symptoms or a worsening radiological appearance 

accompanied by a ⩾5–<10% relative decrease in FVC

Vincent Cottin et.al Eur Respir Rev 2018; 27: 180076



ILD associated with a
progressive fibrosing phenotype

Vincent Cottin et.al Eur Respir Rev 2019; 28: 190109



Pathogenesis  of IPF



Pathogenesis  of PF-ILD



Diagnosis 



Role of biomarkers ? 



A biomarker may be defined as “any substance, structure, or process that 

can be measured in the body or its products and influences or predicts 

the incidence of outcome or disease”

• Molecular (protein and RNA) markers that can be quantified in 

biological tissue or fluids (eg, whole blood, serum, BAL fluid [BALF], 

induced sputum) that reflect physiologic or pathologic processes or that 

reflect pharmacologic responses to a therapeutic intervention



Biomarkers-classification 

• Biomarkers by Mechanistic Pathway

• Epithelial Cell Dysfunction

• ECM Turnover

• Immune Dysregulation

• Risk and Predisposition Biomarkers

• Diagnostic Biomarkers

• Prognostic Biomarkers



Risk and Predisposition Biomarkers



Diagnostic Biomarkers



Prognostic Biomarkers



Imaging?



Labelling as fibrosis
Study Population & agent Criteria used

INBUILD n=663, progressive
fibrosing ILD
Nintedanib

>10% on an HRCT scan 
(taken within the 
previous ⩽12 months)

SENSCIS n=580,
SSc-pulmonary fibrosis
Nintedanib

>10% on an HRCT scan 
(taken within the 
previous ⩽12 months)

NCT02821689 n=60, CADM with ILD
Pirfenidone

worsening of fibrosis on 
HRCT with >10% increase 
of HRCT score

NCT03099187 n=252,
nonclassifiable ILD
Pirfenidone

Extent of fibrosis >10% on 
HRCT

NCT03260556
PirFS

60-with sarcoidosis
40-with Fibrotic HP
Pirfenidone

Evidence of >20% fibrosis 
on high resolution cat 
scan





CT Features of the UIP:Differentiating 
CTD–Associated ILD From IPF



Anterior upper lobe sign

Concentration  of fibrosis 

within the anterior aspect 

of the upper lobes (with

relative sparing of the 

other aspects of the

upper lobes) and 

concomitant lower lobe 

involvement

(“anterior upper lobe” 

sign)



Exuberant honeycombing sign

Exuberant  
honeycomb-
like cyst 
formation
within the 
lungs 
constituting 
greater
than 70% of 
fibrotic 
portions of 
lung 
(“exuberant
honeycombing
” sign) 



Straight-edge sign
Isolation  of fibrosis to the lung bases with sharp demarcation in the craniocaudal

plane without substantial extension along the lateral margins of the lungs on coronal images 

(“straight-edge” sign)



Performance of Specific CT Signs



Survival 



Treatment 



Treatment 

• No treatment guidelines have been issued by an international 

professional association for forms of ILD other than IPF and SSc-ILD

• Available options 

• Immuno-suppresents

• Antifibrotic agents

• Supportive care

• Lung transplantation 



Problem is ?



Antifibrotic agents





Nintedanib is an intracellular tyrosine kinase inhibitor

Randomized, double blind, placebo-controlled, parallel-group trial 

Performed  in 32 countries

Basket trail



Inclusion & Exclusion criteria 

• ≥18 years of age

• SS-according to ACR/EULAR 
classification

• Onset of the first non-Raynaud’s 
symptom within 7 years before 
screening 

• HRCT showing fibrosis affecting 
at least 10% of the lungs

• FVC ≥40% of the predicted and 
DLco 30 -89% of the predicted 
value

• Patients receiving IS  at least 6 
months before randomization 

• Deranged LFT(AST, ALT, TB >1.5 
ULN) or CLD

• CrCl <30ml/min

• FEV1/FVC <0.7

• Significant P-HTN

• Other significant pulmonary 
abnormality

• Life expectancy <2.5 yerars

• Pregnancy

• Severe skin involvement

Exclusion criteria 



Intervention & outcomes
• 1:1 randomization 150mg BD nintedanib or placebo

• Stratified - to Anti-topoisomerase I antibody

• Primary efficacy evaluation-at 52 week(<100week)

Primary:

• Annual rate of decline in FVC

Secondary:

• Absolute change in modified Rodnan skin score

• Change in SGRQ score

• Others 





Results
Mean duration of exposure to nintedanib was 10.5±3.4 months

The adjusted annual rate of change in FVC over a 52-

week period was lower in the nintedanib group than in 

the placebo group (−52.4 ml/yr vs. −93.3 ml/yr; 

difference, 41.0 ml/yr; 95% confidence interval [CI], 

2.9 to 79.0; P = 0.04)





Results 

• The annual rates of change in FVC in patients on MMF at baseline were 

−40.2 ml/year in the nintedanib group and −66.5 ml/year in the placebo 

group

• Corresponding rates in patients not on MMF at baseline were −63.9 

ml/year and −119.3 ml/year 

• Results of  key secondary end points did not differ significantly

• Change in modified Rodnan skin score was −2.17 in the nintedanib Vs 

−1.96 placebo group (D−0.21; 95% CI;−0.94/0.53). 

• Change  in total score on the SGRQ was 0.81 in the nintedanib Vs−0.88 

in the placebo group (D-1.69; 95% CI, −0.73 to 4.12)



Results 



• Diarrhoea (and other GI 

adverse effects) and 

Transamnitis(>3xULN) 

were more common in 

nintedanib group

• Rate of adverse effectss

leading to 

discontinution of drug 

was also more in trial 

group

• 10 patients in trial 

group and 9 patients in 

placebo group died



In conclusion 

• Nintedanib is effective in reducing the decline in FVC in patients with 

ILD associated with systemic sclerosis

• Annual rate of decline in FVC among placebo received patients INPULSIS 

trials11 (−93.3 ml in SENSIS  vs. −223.5 ml in the INPULSIS trials)

• Similar change in FVC when compared to SLS-I

• No improvement in Health related quality of life

• Does  not support nintedanib as a disease-modifying agent for systemic 

sclerosis as a whole (i.e., nintedanib does not address other organ 

complications)



INBUILD trial was not designed or powered to provide evidence for a benefit of nintedanib

in specific ILD subgroups, exploratory subgroup analyses based on grouped ILD diagnoses



Inclusion criteria 

• Age >18yr

• Physician diagnosed PF-ILDs

• FVC of >45% and DLCO of 30 

to 80% of the predicted value

• Progressive Interstitial lung 

disease

• Fibrosing ILD (imaging)

Exclusion criteria

• Patients who were treated with IS or 

previous treatment with nintedanib or 

pirfenidone 

• T bilirubin, AST, ALT>1.5 times the ULN,

• chronic liver disease (CTP A/B/C)

• creatinine clearance <30 mL/min 

• significant PAH 

• severe uncontrolled hypertension

• Pregnant, nursing women

• Life expectancy>2.5yrs

• Randomized, double blind 

(placebo-controlled, parallel-

group) trial 

• 153 sites in 15 countries (Europe)

• From Feb 2017 to Apr 2018



Primary outcome

• Rate of decline in FVC at 52wk

Secondary outcome

• Absolute change in total score on K-BILD questionnaire at 52 wk

• Acute exacerbation of ILD or death at 52wk

• Death at 52 wk









ILD DIAGNOSIS IN OVERALL 
POPULATION 





Baselines characteristics



Baseline characteristics



Primary end result





Five groups





No diagnostic group drove the treatment effect in the overall population













In conclusion

• Absolute treatment effect b/w group difference (of FVC) was 107ml vs 

109 ml in comparison to INPULSIS trial

• Supports the hypothesis that progressive fibrosing ILDs have a similar 

pathobiologic mechanism, irrespective of clinical diagnosis



Inclusion criteria
• Age 18 to 85 years
• Unclassifiable ILD (Cannot be grouped 

into a category with high/moderate 
confidence after MDD)

• Progressive disease i.e, Absolute FVC 
decline > 5% or symptomatic worsening 
in last 6 months

• >10% fibrosis on HRCT(within past 1 year)
• FEV1/FVC >0.7
• FVC > 45% of predicted value
• DLCO >30% of predicted value
• 6MWD>150m

Exclusion criteria
• Diagnosis with moderate or high 

confidence of NSIP and any ILD with an 
identifiable cause 

• Diagnosis of IPF independent of 
confidence level

• History of Unstable angina/MI in past 6 
months

• Treatment with steroids(>15 mg /d of 
prednisolone or equivalent)/any 
immunosuppressant other than MMF 
within 4 weeks of screening ( Patient 
on MMF should be on it for at least 3 
months prior to screening)



• Eligible patients assigned in 1:1 ratio 

• Oral pirfenidone 2403 mg daily or 

placebo

• Given for 24 weeks 

• Home spirometry using hand held 

micro spirometer every day

• Efficacy outcomes and safety 

outcomes  assessed q 4 wk at site visit

Primary Outcome/End points

• Mean change in FVC(ml) at 24 weeks 

measured by hand held spirometer

Secondary Endpoints

• Change in percent predicted FVC 

measured by site spirometry

• Proportion of patients with >5% and 

>10% absolute or relative decline in % 

predicted FVC measured by site 

spirometry

• Change in % predicted DLCO

• Change in 6MWD

• Change in UCSD-SOBQ, LCQ and SGRQ 

score

• Change in visual analogue cough scale



• Baseline characteristics were 

similar b/w two groups

• ~ 75% had diagnosis of uILD



Results – Primary End Point

Pirfenidone Placebo

FVC 
chang
e

-87.7ml
(-338.1 –
148.6)

-157.1ml
(-370.9 –
70.1)





Treatment benefit was observed regardless of age, sex, lung function, and IPAF



Results – Secondary outcomes



Results – Secondary outcomes



Results – Secondary outcomes

No significant b/w group difference in PFS





In conclusion

• Planned  statistical model could not be applied to the primary endpoint 

data

• Results  for the key secondary endpoints support the conclusion 

that 24 weeks of treatment with pirfenidone slows disease 

progression when compared with placebo

• Treatment with pirfenidone slows disease progression in progressive 

fibrosing unclassifiable ILD

• Acceptable safety and tolerability profile



In conclusion

• Result  is similar to the treatment benefit observed on mean decline in 

FVC in a prespecified pooled analysis of the phase 3 trials of pirfenidone 

in IPF, in which an absolute treatment difference of 104 mL was 

observed for pirfenidone versus placebo after 24 weeks of treatment, 

increasing to 148 mL after 52 weeks of treatment

• Patients  with IPF given placebo in the ASCEND phase 3 trial of 

pirfenidone showed a linear slope of decline in FVC of 280 mL at week 

52, whereas patients with unclassifiable ILD given placebo in our study 

had a mean decline of 113·0 mL at week 24 measured using site 

spirometer



Chronic HP

• One RCT(placebo) of an 8-week course of prednisone Vs placebo in 

acute HP (farmer’s lung) shows improvement in pulmonary function in 

both groups initially, but no differences in pulmonary function between 

the two groups at 1 year

• Retrospective  study-MMF or azathioprine had a small but significant 

improvement in DLCO after 1 year of treatment and required lower 

doses of corticosteroids



Chronic HP

• SHIBATA.et al reported a series of 23 patients with cHP treated with 

pirfenidone. In n=16 vital capacity decreased by 292±78 mL over the 6 

months prior to pirfenidone and decreased by 152±56 mL over the 6 

months after pirfenidone

• BUENDIA-ROLDAN et.al-29 patients with cHP randomised to pred+AZT

Vs pred+AZT+pirfenidone. In pirfenidone arm had  improvement in 

6MWD at 9 months’ follow-up



Ongoing clinical trials of antifibrotic 
medications in Chronic HP



Cyclophosphamide SLS I 2 mg/kg/d PO X 1 year Slowerrate of annual 
decline in % predicted 
FVC:-1% (-2.6% in placebo 
arm)

MMF SLS II 1500 mg BD X 2 years Improved % predicted 
FVC at2 years by+2.2% 
(similarto 1-year oral CYC 
Rx arm +2.9%)

Nintedanib SENSCIS 150 mg BD X 1 year Slowerrate of annual 
decline in FVC by about 
40 mL (-52 vs -93 mL)
No difference in rate of 
annual decline in % 
predicted FVC: -1.4% (-
2.6% in placebo arm)



Systemic sclerosis

Agent Major RCTs Dose Outcome

Cyclophosphamide SLS I 2 mg/kg/d 
PO X 1 year

Slowerrate of annual decline in % predicted 
FVC:-1% (-2.6% in placebo arm)

MMF SLS II
(phase 3)
N-580

1500 mg BD 
X 2 years

Improved % predicted FVC at2 years 
by+2.2% (similarto 1-year oral CYC Rx arm 
+2.9%)

Nintedanib SENSCIS 150 mg BD 
X 1 year

Slowerrate of annual decline in FVC by 
about 40 mL (-52 vs -93 mL)
No difference in rate of annual decline in % 
predicted FVC: -1.4% (-2.6% in placebo arm)



Systemic sclerosis-on going



RA-ILD

• UIP is the most common pattern in RA-ILD

• Mutation  in the MUC5B promoter seen in many patients with IPF is also 

associated with RA-ILD (RA-UIP in particular)



Myositis- CADM
• 65% of patients with CADM may have ILD

• Positive serum MDA5 antibody is associated with  rapidly progressive 
with high associated mortality

• LI et al conducted an open-label prospective study of pirfenidone added 
on to existing immunosuppressive therapy for patients with CADM and 
ILD (n=30) compared to retrospective matched controls (n=27). 

• Statistically  significant difference in mortality in the pirfenidone group 
was absent

• subgroup analyses - subacute ILD (disease 3–6 months’ duration, n=10) 
1-year survival was improved (90%) compared to that in controls (n=9; 
44%)

• The same effect was not seen for patients with acute ILD (<3 months) 

• 85% of patients in the pirfenidone group were MDA5+ compared to only 
57% in the control group, which makes the finding that the pirfenidone 
group with subacute disease had improved survival more striking



Myositis- CADM



Sarcoidosis



Unclassifiable PF-ILD

Parameter Comparison b/w two arms

FVC decline 95.3 ml lower(X MCID)

Absolute/ Relative decline in percent 
predicted FVC of >5/10% 

In lesser number of patients

6MWD decline Lower( 24.7 m lower)(X MCID)

>15% decline in Dlco lower

>50m decline in 6MWD similar

PRO similar

PFS similar



Progressive Non-IPF Lung Fibrosis



Summary 

• PF-ILD can be recognized as basket entity regardless of etiology

• Look carefully into  clinical, radiology and spirometry data before 

labelling as progressive fibrosing ILD

• We can use anti fibrotic agents(take feasibility into account) in selected 

population 

• Large RCT are needed


