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Interstitial Lung Disease

Diverse group of disorders that involve the distal pulmonary
parenchyma

Patients typically presented with

- Progressive dyspnea and cough
- Abnormal pulmonary physiology
- Abnormal CXR and/or HRCT

ldiopathic or associated with systemic diseases (CTDs) or
enviromental exposures

Am J Respir Crit Care Med. 2002;165:277



ILD: Classification

! ¥ v X
Idiopathic Interstitial Hypersensitivity Other ILDs

Pneumonias (lIPs) Autoimmune ILDs Pneumonitis (HP)

I

Sarcoidosis

Idiopathic Pulmonary
Fibrosis (IPF)

Idiopathic Non-Specific
Interstitial Pneumonia
(INSIP)

Respiratory
Bronchiolitis-
Interstitial Lung Disease

Desquamative Interstitial
Pneumonia

Cryptogenic Organising
Pnheumonia

Acute Interstitial
Pneumonia

Interstitial
Pneumonia with
Autoimmune
Features (IPAF)*

Idiopathic Lymphoid
Interstitial Pneumonia

Idiopathic
—»  Pleuroparenchymal
Fibroelastosis

—»  Unclassifiable lIPs

Systemic Sclerosis
ILD (SSc-ILD)

* | ymphangioleiomyomatosis (LAM)
¢ | angerhans Cell Histiocytosis (LCH)
¢ Drug-Associated ILD

e Other Exposure ILDs

Rheumatoid Arthritis
ILD (RA-ILD)
* Vasculitis/Granulomatosis ILDs

Polymyositis and ¢ Other Rare ILDs

Dermatomyositis ILD

Mixed Connective
Tissue Disease ILD

Sjogren’s
Syndrome ILD

Systemic Lupus
Erythematosus ILD

Other Connective

Tissue Disease ILDs *Not an established clinical diagnosis.

Am J Respir Crit Care Med. 2013;188:733



IPF confers a poor prognosis
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Management of fibrosing-ILD

Suspected fibrotic ILD

v

Comprehensive history, physical examination,
PFTs, serologies, HRCT + prone + expiratory views

v

o0

v v
Clear HP exposure No clear aetiology
UIP on HRCT?
Yes

Avoid exposure Anti-Fibrotics Immunosuppression
Immunosuppression

CTD, connective-tissue disease; c/w, consistent with; HP, hypersensitivity pneumonitis; HRCT, high-resolution computed tomography; ILD, interstitial lung
disease; MDD, multidisciplinary discussion; PFTs, pulmonary function tests; UIP, usual interstitial pneumonia

Can J Resp Crit Care Sleep Med 2017;1(3):133



IPF-Natural history

Lung Function

Time

AE-IPF: Acute exacerbation of IPF Am J Respir Crit Care Med. 2011;183:788



Lessons from clinical trials over the past 10 years

Pamrevlumab (FG-3019), 2019+

. Pentraxin-2, 2018+

Simtuzumab, 2017-

[ ]
SAR156597, 2016-

Macitentan, 2013-

. N- acetchysteine. 2014

Ambrisentan, 2013-
Bosentan, 2011- Plrfemd e, 2014+

Warfar‘ln 2012-

. Pirfenidone, 2011+
Sildenafil, 2010~

Imatinib, 2010~
Nintedanib, 2011+

Nintedanib, 2014+

Pirfenidone, 2010+
. Interferon-y 1b, 2009~
Bosentan, 2008-

o
Etanercept, 2008-
Pirfenidone, 2005+

N-acetylcysteine, 2005+

Interferon-y 1b, 2004+
L]
Prednisone plus azathioprine, 1991+

Tralokinumab, 2017~ Lebrikizumab, 2018-
[ ]
PBI-4050, 2017+
L]
Omipalisib/GSK2126458, 2017+

L]
GLPG1690, 2017+

Eur Resp Rev 2019;28:190021



Prednisone, Azathioprine, and
N-Acetylcysteine for Pulmonary Fibrosis

The Idiopathic Pulmonary Fibrosis Clinical Research Network™

* Triple combination * N-acetylcysteine

* Time to death or hospitalization

FVC (liters)

Combination therapy -

Probability

Weeks since Randomization

N Engl J Med. 2012;366:1968, N Engl J Med. 2014;370:2093




Pathogenesis: abnormal wound healing responses

Injury
(endogenous vs. exogenous)

“Vulnerable” ‘ i
AEC2 cells PO _ _ ~FAEC2 cells

— e e )

Growth factors, morphogenic factors, coagulants, and
other products of epithelial cell injury

¢ .

e

Invasive ? Myofibroblast
myofibroblasts proliferation

=——

Matrix deposition

J Clin Invest. 2012;122(8):2756



Pirfenidone: Lung function, Progression
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* ASCEND + CAPACITY (N=1247) Eur Resp J 2016;47:243



Pirfenidone: Survival

Outcome Favours  Favours p-value
placebo  pirfenidone

All-cause mortality [2]| 48% | o 0.011

Treatment-emergent o 0.009
all-cause mortality '

|IPF-related mortality 68% | o 0.003

Treatment-emergent
IPF-related mortality [2]

o 0.006

1510 0.604 02 0.1
Relative risk/hazard ratio (95% Cl)

* ASCEND + CAPACITY (N=1247) Eur Resp J 2016;47:243



Effect of disease modifying therapy on lung function decline
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IPF guidelines 2018
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Pirfenidone: survival in the real-world

- Antifibrotic treatment
-+ No-antifibrotic treatment
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Log rank
p<0.001

* HR (0.59, 95% CT 0.48-0.72)

24 36
Months

Number at risk
Antifibrotic 474 122
No-antifibrotic 474 224

* Asan IPF Cohort (n=1,213; n= 948, propensity score matched) Scientific Reports 2020;10:15620



Pirfenidone: clinical outcomes in the real-world

All-cause mortality HR 0.59 (0.48 — 0.72), p<0.001

—&—
All-cause hospitalisation e HR 0.71 (0.57 — 0.88), p=0.002
——

Respiratory-related hospitalisation HR 0.67 (0.52 - 0.86), p=0.002

Non-respiratory-related hospitalisation HR 0.68 (0.46 — 1.01), p=0.055
Acute exacerbation HR 0.69 (0.50 — 0.96), p=0.026

Mortality after acute exacerbation HR 0.60 (0.42 — 0.85), p=0.004

03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2

Favours antifibrotic Favours no-antifibrotic
treatment treatment

* Asan IPF Cohort (n=1,213; n= 948, propensity score matched) Scientific Reports 2020;10:15620



IPF: natural course of lung function decline in placebo group

Healthy subjects aged 60 years [65]
................................................... »

Patients with IPF and mild or moderate
impairment in lung function
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Studies measuring FVC Studies measuring VC
Martinez et al. 2014 [16] A Daniels et al. 2010 [26] ¢ Demedts et al. 2005 [14]
v Raghu et al. 2004 [17] King Jr et al. 2014 [31] v Azuma et al. 2005 [28]
e KingJretal 2011 [21] o Richeldiet al. 2011 [32] ® Taniguchiet al. 2010 [29]
o Raghu etal 2013 [22] o Richeldi et al. 2014 [33]
A Raghu et al. 2008 [24] FDA data, 2010 [64]

Eur Respir J 2017;50:1701209



Lung function decline in mild IPF
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==+ Mild FVC (* FVC > 80% pred)
- Moderate-Severe FVC

*Linear mixed model with random intercept and slopes for mild and moderate-severe disease

* Australian IPF registry cohort (n=416) BMC Pulmonary Medicine 2018;18:19



Efficacy of Pirfenidone in mild IPF

Outcome Subgroup Standardised Treatment effect Interaction
treatment effect# p-valuel p-value*

FVC <80% + <0.0001 0.3949
FVC 280% + <0.0001

GAP stage II-Ill <0.0001

+
GAP stage | R <0.0001

-1.0 -0.5

‘—
Favours placebo Favours pirfenidone

* ASCEND + CAPACITY (N=1247) ERJ 2016;48:843



Nintedanib in mild IPF

 Annual rate of decline in FVC

FVC <90% predicted FVC >90% predicted
. n=472 n=315 n=166 n=108
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p=0.5300

* INPULSIS (N=1061) Thorax 2017;72:340



FVC decline and timing of pirfenidone initiation

Pirfenidone (CAPACITY), Weeks 0—-120 (n = 345)
Previous pirfenidone (RECAP), Weeks 72—-120 (n = 236)
Ejﬁg“”e Previous pirfenidone (RECAP), Weeks 120-study end (n = 219)
Volume | - === Placebo (CAPACITY), Weeks 0-120 (n = 347)

- - == Previous placebo (RECAP), Weeks 72—120 (n = 249)
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* RECAP (N=485) AnnalsATS 2019;16(7):927



Adverse events of pirfenidone
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Eur Repir J. 2010; 35: 821 Lancet 2011; 377: 1760 NEJM 2014;370:22



Impact of dose adjustment in case of adverse drug reaction

PASSPORT (prospective observational long term registry for 2 years in Europe)

Continuing

B Discontinuing: ADR

B Discontinuing: death or other reason

No dose adjustment Dose adjustment

Eur Respir Rev 2015; 24: 58



FVC change by dose intensity

>90% Pirfenidone
<90% Pirfenidone
>90% Placebo
<90% Placebo
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105.5 (P<0.001)

102.1 (P=0.0191)
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change from baseline, mL

-350
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Number of patients Visit, months
>90% Pirfenidone 417 409 396

<90% Pirfenidone 193 182 169
>90% Placebo 545 531 508
<90% Placebo 59 60 52

The mean daily actual dose: 2278.4 mg/day (> 90%) and 1575.9 mg/day (<90%)

* ASCEND + CAPACITY (N=1247) BMJ Open Resp Res 2018;5:e000323



FVC change according to pirfenidone dose

— Control
Low-dose group (<1200mg/d)

High-dose group (=1200mg/d)
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Overall P value = 0.021

Baseline 6 months 12 months

* Adjusted mean change in FVC: -200.7mL (control), -88.4 mL(low), -94.7 mL(high)

* Sevrance hospital IPF cohort (n=234) Scientific Reports 2020;10:21218



Pulmonary fibrosis is not only IPF

Pneumo-
conioses,

10%

Sarcoidosis,
20%

CTD-ILD,
20%

: 70-80% have different ILD

NEJM 2018;378:19



Types of ILD likely to have a progressive fibrosing phenotype

Idiopathic Interstitial
Pneumonias (lIPs)

Idiopathic Pulmonary
Fibrosis (IPF)

Idiopathic Non-Specific
Interstitial Pneumonia
(INSIP)

Respiratory
Bronchiolitis-
Interstitial Lung Disease

Desquamative Interstitial
Pneumonia

Cryptogenic Organising
Pnheumonia

Acute Interstitial
Pneumonia

Interstitial
Pneumonia with
Autoimmune
Features (IPAF)*

Idiopathic Lymphoid
Interstitial Pneumonia

Idiopathic

Pleuroparenchymal
Fibroelastosis

Unclassifiable 1IPs

Autoimmune ILDs

Systemic Sclerosis
ILD (SSc-ILD)

Rheumatoid Arthritis
ILD (RA-ILD)

Polymyositis and
Dermatomyositis ILD

Mixed Connective
Tissue Disease ILD

Sjogren’s
Syndrome ILD

Systemic Lupus
Erythematosus ILD

Other Connective
Tissue Disease ILDs

Sarcoidosis Other ILDs

* | ymphangioleiomyomatosis (LAM)
¢ | angerhans Cell Histiocytosis (LCH)
¢ Drug-Associated ILD

e Other Exposure ILDs

¢ Vasculitis/Granulomatosis ILDs

¢ Other Rare ILDs

*Not an established clinical diagnosis.

Am J Respir Crit Care Med. 2013;188:733



fiorotic NSIP: changes in HRCT

.....

* fibrotic progression: 28% (n=61; Asan iNSIP cohort) _
J Comput Assist Tomogr 2012;36:170



Progression of FVC in SSc-ILD

Long-term survival
(survived > 8 years)
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Medium-term mortality
(deceased 4-8 years)
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* Univ. of British Columbia SSc-ILD cohort (n=171)

Ann Am Thorac Soc 2018;12:1427



Progression of RA-ILD

DL, < 40% predicted
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* Mayo clinic RA-ILD cohort (n=167), median follow-up: 3.3 years (0.01-14.8 yrs)

Arthritis and Rheumatology 2017;69:542



Percentage of patients with non-IPF ILDs who
develop a progressive fibrosing phenotype

2.
-
Q0
©
o

RA-ILD SSc-ILD Other iNSIP  Unclassifiable HP Sarcoidosis- Other
CTD-ILDs P ILD non-IPF ILDs

* based on online physician survey (n=486)

Current Medical Research and Opinion 2019;35:2015



lIP: classification according to disease behavior

reversible &

self-limited

irreversible &

progressive

Reversible and self-limited
(e.g. RB-ILD)

Remove possible cause

Short-term (3-6 months)
observation to confirm disease
regression

Reversible with risk of
progression
(e.g. some NSIP, COP, DIP)

Initially for a response
and then rationalize
longer term therapy

Short-term observation to
confirm response: long-term
observation to ensure gains are
preserved

Stable with residual disease
(e.g. some NSIP)

Maintain status

Long-term observation to
assess disease course

Progressive, irreversible
with potential for
stabilization
(e.g. some NSIP)

To stabilize

Long-term (3-6 months)
observation to assess disease
course

Progressive, irreversible
despite therapy
(e.g. some NSIP, IPF)

To slow progression

Long-term observation to
assess disease course and need
for transplant or effective
palliation

Am J Respir Crit Care Med. 2013;188:733




The overlap in longitudinal disease behavior
between IPF and other ILDs

Pulmonary fibrosis

Drug-
induced

Sarcoid

CTD-ILD Unclassifiable

Progressive
ILD

Fibrosing

ILD
(PF-ILD)

Fibrotic HP

Eur Respir J 2018;51:1800692



Factors that reflect progression of ILD

Physical
function
Decrease in
exercise
capacity

PFTs
Decline in
FVC and/or
DLco

HRCT Quality of life

Increase in extent Deterioration in
of radiological . health-related
abnormalities Disease quality of life

progression

Global
impression
Physician or patient

impression that cough
disease has Acute and dyspnea

worsened exacerbation
Acute
respiratory
worsening

Symptoms
Worsening of

Eur Respir J 2018;51:1800692



Tissue

Fibrocytes Type 2 cell
Micro-
vascular

| Epithelium
endothelium

Leukocyte
recruitment PDGF  vEGE

Pro-fibrotic ‘/\
Mononuclear mediator
cell release
Resident
Fibroblast Fikseblast
stimulation

Mechano-
recruitment

Pericyte

T cells

Increased
stiffness

Self-sustaining
lung fibrosis

Activated

Fibroblasts FMT

Excessive ECM
secretion

Eur Respir J 2019



Cumulative frequency of mutations

Shared genetic predisposition in RA-ILD and IPF

* Excess of TERT, RTEL1 and PARN

0.157

p=9.45x10-4

* MUC5B rs35705950 promoter variant

RA-ILD cases

B TERT B Patients with RA-ILD vs. Controls
ESRTELT I I
| O PARN France : =
O SFTPC : :
o= o bz Greece | .
] I
The Netherlands : —
] |
] |
United States—1 : —-—
I |
I |
Mexico N — e
] |
] |
Japan : -
] I
] |
China : .
I |
Mult!eth.nic i j:t
replication | |
Combined : '
Controls analysis : -*' OR4.7
1 I ||||||| | I ||||||| 1 I ||||||| 1
0.1 1 10 100

Odds Ratio

Eur Respir J 2017;49:1602314 N EnglJ Med 2018;379:2209



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Nintedanib in Progressive Fibrosing
Interstitial Lung Diseases

K.R. Flaherty, A.U. Wells, V. Cottin, A. Devaraj, S.L.F. Walsh, Y. Inoue, L. Richeldi,

M. Kolb, K. Tetzlaff, S. Stowasser, C. Coeck, E. Clerisme-Beaty, B. Rosenstock,

M. Quaresma, T. Haeufel, R.-G. Goeldner, R. Schlenker-Herceg, and K.K. Brown,

for the INBUILD Trial Investigators™

N Engl J Med 2019;381:1718



Clinical ILD diagnoses

Nintedanib (n=332) Placebo (n=331)

N

Hypersensitivity
pneumonitis

B Autoimmune ILDs*
Idiopathic non-specific
interstitial pneumonia
Unclassifiable 1P

W Other ILDs?

19.3

* 89 had RA-ILD, 39 had SSc-ILD, 19 had MCTD-ILD, 23 had other autoimmune ILDs N Engl J Med 2019;381:1718



Inclusion criteria

Diagnosis Physician-diagnosed ILD other than IPF
Extent of fibrosis > 10% on HRCT
Lung function FVC > 45% predicted, Dlco 30-80% predicted

Progression

>1 of the following criteria in the 24 months before screening,
despite standard treatment

- Relative decline in FVC 210%

- Relative decline in FVC »5-<10% and worsened
respiratory symptoms or increased extent of fibrosis on
HRCT

- Worsened respiratory symptoms and increased extent of
fibrosis on HRCT

N Engl J Med 2019;381:1718



INBUILD trial: design

Double-blind
< >

Nintedanib 150 mg bid (n=332) Nintedanib 150 mg bid

[
Open-label
I nintedanib
] (INBUILD-ON)

Screening =

I
|
I
l l
I I
l l
9
i

Visit 1 2345 6 7 8
L Lill 1 1 1 ]
| LI L 1 1 1 / 1
Week 0246 12 24 36 52 T
PART A First database lock PART Bt

1

Primary endpoint assessed

* Annual rate of decline in FVC (mL/year) assessed over 52 weeks

N Engl J Med 2019;381:1718



Adjusted annual rate of decline in FVC (mL/year) over 52 weeks

INBUILD (overall population)
Nintedanib  Placebo
(n=332) (n=331)

S .50

£ E-100 -

=0 -80.8

S

21 -150 -

c .E

g £-200 | i
=3 -187.8
< " .250 -

(95% ClI: 65.4, 148.5); p<0.001

Difference: 107.0 mL/year
Relative reduction: 57%

N Engl J Med 2014;370:2071, N Engl J Med 2019;381:1718



Treatment effect of nintedanib versus placebo on annual rate of
decline in FVC in subgroups by ILD diagnosis

Difference in Treatment-
adjusted annual by-subgroup-
N analyzed rate of decline by-time
Nintedanib Placebo in FVC (95% CI) interaction
All subjects 332 331 —@— 107.0 (65.4, 148.5)
ILD diagnosis Hypersensitivity 84 89 = ® | 73.1 (-8.6, 154.8) p=0.41
pneumonitis :
Autoimmune ILDs* 82 88 '—O—' 104.0 (21.1, 186.9)
iNSIP 64 61 . 141.6 (46.0, 237.2)
Unclassifiable IIP 64 50 . 68.3 (-31.4, 168.1)
Other ILDs? 38 43 L . 1 197.1 (77.6, 316.7)
[ : T 1

-200 0 200 400

Favors placebo Favors nintedanib

N Engl J Med 2019;381:1718



Most frequently reported adverse events in overall population

Nintedanib Placebo
(n=332) (n=331)

Diarrhoea 222 (66.9) 79 (23.9)
Nausea 96 (28.9) 31 (9.4)
Bronchitis 41 (12.3) 47 (14.2)
Nasopharynagitis 44 (13.3) 40 (12.1)
Dyspnoea 36 (10.8) 44 (13.3)
Vomiting 61 (18.4) 17 (5.1)
Cough 33(9.9) 44 (13.3)
Decreased appetite ‘ 48 (14.5) ‘ 17 (5.1)
Alanine aminotransferase increased 43 (13.0) 12 (3.6)
Progression of ILD 16 (4.8) 39 (11.8)
Weight decreased 41 (12.3) 11 (3.3)
Aspartate aminotransferase increased | 38 (11.4) | 12 (3.6)

N Engl J Med 2019;381:1718



Pirfenidone in patients with unclassifiable progressive S R®
fibrosing interstitial lung disease: a double-blind, -
randomised, placebo-controlled, phase 2 trial

Toby M Maher, Tamera J Corte, Aryeh Fischer, Michael Kreuter, David | Lederer, Maria Molina-Molina, Judit Axmann, Klaus-Uwe Kirchgaessler,
Katerina Samara, Frank Gilberg, Vincent Cottin

Lancet Resp Med 2020;8:147



* Unadjusted

Unclassifiable ILD

* Adjusted for age, sex, FVC, DLco

Non-IPF ILD

Unclassifiable ILD

IPF

a) 100 - b) 100 -
Non-IPF ILD

7 | 75 -
2 Unclassifiable ILD =

S 50 S 504
= S
5 0
A wn

25 IPF 95 -

0 I I | T 0
0 3 4 5 6 0

Time years

Time years

» Unclassifiable ILD is diagnosed in 10% of the ILD cohort.

Eur Respir J. 2015;45:1434



Inclusion critiera

Lung function

FVC > 45% predicted, Dlco > 30% predicted

Excercise

6MWD 2 150 m

Fibrosis

Extent of fibrosis > 10% on HRCT

Progression

In the previous 6 months

- absoulte decline in FVC % predicted >5%

- significant symptomatic worsening not due to
cardiac, pulmonary vascular or other causes

Lancet Resp Med 2020;8:147



Study Design

Treatment period
Weeks 1 to 24

Washout* Screening Follow-up visit?
Weeks -7 t0 -3 Weeks-3t0 0 Week 28
T- ----------- > T ------------ A >

ICFT ICF? T T

Enrolment and Primary efficacy

randomisation: endpoint
titration period followed by
daily dose of 2403 mg/day
pirfenidone or placebo (1:1)

e N=253
* 1’ endpoint : change in FVC (in mL) over 24 weeks measured by daily home spirometry

Lancet Resp Med 2020;8:147



FVC changes from baseline at week 24: home spirometry
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Pirfenidone group Placebo group

* Median predicted FVC (n=253) Lancet Resp Med 2020;8:147



FVC changes from baseline at week 24: site spirometry

Pirfenidone Placebo
(n=127) (n=126)

Predicted change in FVC at week 24 (mL)
o
o
|

-113.0

AN

o

o
L

Difference: 95.3 mL/24 weeks
(95% CI: 35.9, 154.6); p=0.002

Relative reduction: 84%

Lancet Resp Med 2020;8:147



Treatment-emergent adverse events

Pirfenidone (n=127) Placebo (n=124) !
Treatment-related treatment-emergent adverse events known to be associated with pirfenidone

Gastrointestinal disordert 60 (47%) 32 (26%)

Photosensitivity§ 10 (8%) 2 (2%)
Rashq] 13 (10%) 9 (7%)
Dizziness (8% 4(3%)
Weight decrease (8% 1(1%)
Fatigue (13%) 12 (10%)

Lancet Resp Med 2020;8:147



Pirfenidone trials of antifibrotic medications in non-IPF fILDs

Intervention Duration  Primary outcome
Progressive CADM- | IV 60 PFD vs PBO addedon 52 weeks  Ovearll survival
ILD existing Tx
SSc-ILD IT 150 PFD vs PBO added on 18 months Changes in FVC % pred.
MMF
PF with anti- IT 15 PFD 52 weeks  Absolute changes in
myeoloperoxidase Ab FVC % pred.
RA-ILD IT 270 PFDvs.PBO 52 weeks > 10% decline in FVC or
death
Progressive fibrosis J IV 60 PFD vs. PBO 24 mo Time until clinical
sarcoidosis worsening
Fibrotic HP IT/ITI 60 PFD vs. PBO added on 52 weeks  Change in FVC
conventional Tx
(pd/aza)
IT/IIT 80 PFD vs. PBO added on 26 weeks  Change in FEV1

azithrymycin

Eur Respir Rev 2019;28:190022



Spectrum of fibrosing-ILD
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Curr Opin Pulm Med 2020; Sep;26(5):436



KFDA approval for Ofev in PF-ILD
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Summary

o IPF

- the same efficacy in the real-world patients
- early treatment and dose modification

* Non-IPF ILD
- PF-ILD: 20-30%
- similar efficacy and safety of anti-fibrotic agents



