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Chief complaint) Cough and dyspnea, mMRC 3
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Past medical history

Past medical history) DM, dyslipidemia

Social history)
Smoking: Never smoker
Alcohol: non-alcoholic

Occupation: 5

Family history) O{0{L| — I &}



Review of system

cough / sputum / rhinorrhea / dyspnea (+/+/-/+)

Morning stiffness (-)

Malar rash (+) O|™ &£ H &2 facial flushing
Photosensitivity (+)

Oral ulcer (-) Genital ulcer (-)

Sicca Sx. (+) : dry eye(-), dry mouth(+) ®0| LH & Ot2

Raynaud's Ph.(+) - St A S0 £E0| MElC} &£ 2 FO0F 2, 20| HHS{FICE

Hair loss (-) Arthralgia (-) Back pain (-)



Physical examination

Vital sign) 126/72 mmHg — 96/min — 20/min - 37 °C

General) alert, Skin rash on face, hands

Chest) inspiratory crackle, BLLF

Extremities)
Palmar erythema (+)
Salt and pepper appearance, both arms (+)

Mild skin eruption, both limbs



Initial laboratory results

CBC : WBC 12960/mm3, Hb 13.5 mg/dL, PLT 379,000/mm?3
AST/ALT : 14/18 U/L

BUN/Cr : 15.5 mg/dL / 0.50 mg/dL

CRP : 1.3 mg/dL

Procalcitonin <0.04 ng/mL

ABGA (02 2L/min) : pH 7.390, pCO2 40.9 mmHg, pO2 61.5 mmHg, HCO3 24.2 mmol/L, Sat 94%
Troponin T: 0.009 ng/mL, CK-MB : 0.3 ng/mL
NT-ProBNP: 67.9 pg/mL

D-dimer : 0.27 mg/L

KL-6 : 1362.4 U/mL
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Special laboratory results

ANA : positive, cytoplasmic, nuclear, 1:160
Anti-SS-A 52 : 3+

RA factor : 6.1

Anti-CCP Ab : negative

C3/C4 : 135/ 29.6 mg/dL
lgG/A/M : 850 / 274 / 193 mg/dL
ANCA : negative



Special examination

Spirometry

FVC 1.91 L (57%)
FEV, 1.54 L (58%)
FEV,/FVC ratio 0.81
TLC 2.88 L (58%)
DLCO 48%

Sono Salivary gland

Submandibular gland, both, Grade 1

- Suspicious for Sjogren’s syndrome

Nailfold capillary microscope

Salivary flow test

» Unstimulated saliva : 0.01 ml/5min

= 0.002mL/min (normal : > 0.1-0.3 mL/min)
= Stimulated saliva : 4 ml/5min

- 0.8 mL/min (normal : > 0.5-1.0 mL/min)




Assessment

Diagnosis) Sjogren-associated ILD : OP pattern

Therapeutic plan)
v' Systemic steroid tapering slowly

v" Azathioprine add on



Interstitial Lung Disease (ILD)

ILD

v v v % .

IIPs Autoimmune ILDs Hypersensitivity Sarcoidosis Other ILDs
pneumonitis
|diopathic pulmonary | S |
fibrosis l—| Interstitial Rheumatoid arthritis » Lymphangioleiomyomatosis
pneumonia with & ILD » Langerhans’ cell histiocytosis
autoimmune <+ + Drug-associated ILD
Idiopathic nonspecific features Sjogren’s syndrome » ILDs related to other occupational
interstitial pneumonia |4 B ILD exposures _
» Vasculitis/granulomatosis ILDs
+ Other rare ILDs
Systemic lupus

Respiratory

bronchiolitis-interstitial erythematous ILD

. ‘-
lung disease Idiopathic lymphoid . . _ .
N interstitial Polymyositis and = Diverse group of disorders that involve the distal pulmonary parenchyma
Desquamative pneumonia | dermatomyositis ILD
interstitial pneumonia ¢
|diopathic Mixed connective , ,
- pleuroparenchymal —p tissue disease ILD = Patients presented with
Qr_yptogenic _ fibroelastosis
organizing pneumonia [ v'Progressive dyspnea and cough
4 Systemic sclerosis
Unclassifiable IIPs ILD v'Abnormal pulmonary physiolo
Acute interstitial b P y phy 9y
pheumonia Nl Other connective v'Abnormal radiologic features on CXR and/or HRCT

—? tissue disease ILDs

Am J Respir CritCare Med. 2013;188(6):733-48.
Eur Respir Rev 2018;27:180076



Autoimmune disease associated ILD

Pathogenic stages

R
Initiation Progression Failed resolution
Epithelial damage Fibroblast proliferation Myofibroblast persistence
Endothelial activation Fibrocyte recruitment Altered matricellular interaction
Immune-cell infiltration || Epithelial-mesenchymal transition | | Perturbed epithelial repair
Inflammation Ongoing epithelial damage Ongoing epithelial damage
Other ILDs Fibrotic HP
n=249 (12.7% n= 305 (15.5%
m Neugggphil Myofibroblast —A’
Susceptibility genes Platelet Antibody ‘J . @,\Y ot % 2 “:4 .“’ .5‘\’{..‘, 3 PF-ILD
@ =) T D @ ® o A . ) > o = - o L . l&‘ ° - n.521 265%
[=== = Type I pneumocyte - I EX
. °e
Poison Smoking ® 0 B \ @
@ L= @ 1-);”“ plneu:‘ocy‘e @o “ = @ @ i1 <« . @ "&';*
Lymp.hocylc Y G.,D ’ e‘;.z' = e - ".(’.va”“;; = : @’
s 3 " o Non-IPF fibrotic ILD L
Macrophage n= 6578 (70.2%)

Normal lung Inflammatory ILD pattern

AU Well et al. Nat Rev Rheumatol. 2014 Dec;10(12):728-39
T Shao et al. Front Immunol. 2021 Jun 7:12:684699.
Curr Opin Pulm Med 2022, 28:407-413



Classification criteria

IIPs

/~ N\
T

No features of autoimmunity
without characterizable CTD

Clinical, serologic and/or morphologic features of autoimmunity

CTD-ILD

Characterizable CTD
associated with [LD

M=

SOk WM

. Distal digital fissuring (i.e., “mechanic 1.

. Distal digital tip ulceration
. Inflammatory arthritis or polyarticular

. Presence of an interstitial pneumonia by HRCT or SLB and

. Exclusion of alternative etiologies and

. Does not meet criteria for a defined CTD and

. At least one feature from at least two of the following domains:

A. Clinical domain B. Serologic domain

ANA = 1:320 titer, diffuse, speckled,
homogeneous patterns or

a. ANA nucleolar pattern (any titer) or

b. ANA centromere pattern (any titer)

hands”)

morning joint stiffness =60 min 2. Rheumatoid factor =2 x upper limit of
. Palmar telangiectasia normal
. Raynaud phenomenon 3. Anti-CCP
. Unexplained digital edema 4. Anti-dsDNA
. Unexplained fixed rash on the digital 5. Anti-Ro (SS-A)
extensor surfaces (Gottron sign) 6. Anti-La (SS-B)
7. Anti-ribonucleoprotein
8. Anti-Smith
9. Anti-topoisomerase (Scl-70)

10. Anti-tRNA synthetase (e.g., Jo-1, PL-7,
PL-12; others are: EJ, OJ, KS, Zo, tRS)

11. Anti-PM-Scl

12. Anti-MDA-5

C. Morphologic domain
1. Suggestive radiology patterns by HRCT:
a. NSIP
b. OP
c. NSIP with OP overlap
d. LIP
2. Histopathology patterns or features by
surgical lung biopsy:
a. NSIP
b. OP
c. NSIP with OP overlap
d. LIP
e. Interstitial lymphoid aggregates with
germinal centers
f. Diffuse lymphoplasmacytic infiltration
(with or without lymphoid follicles)
3. Multicompartment involvement (in addition
to interstitial pneumonia):
a. Unexplained pleural effusion or
thickening
b. Unexplained pericardial effusion or
thickening
c. Unexplained intrinsic airways disease”
(by PFT, imaging or pathology)
d. Unexplained pulmonary vasculopathy

1) ILD on CT
2) CHE 210l HY X

BA Graney and Aryeh Fischer. Ann Am Thorac Soc 2019; 16(5): 525-33



(1) Clinical domain
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(2) Serologic domain: FANA (fluorescent ANA)

B\\

N Serum dilutions

_YYY

& 19G ANA

¥ €

Microscope slide */#s"

with HEp2 cells

dsDNA, Histones

PM-Scl,
RNA polymerase |

Wash

Homogenous

Nucleolar

LY

Fluoresceinated
anti-lgG antibodies

——

Wash

digital
analysis ’

Visual or N4
LS

Speckled

U1-RNP, Sm, SSA/Ro, SSB/La,
Scl-70, Jo-1, ribosomal-P

Centromere

Basic laboratory testing

and Follow-UP

Signs and symptoms
suspicious of:
positive —
‘ +«MCTD
ANA (IIF) |
l +SLE
AND I
« Systemic Sclerosis
Jo-1 + CREST
— |
Myositis / ASS
SSA (Ro52 Ro60) Signs and symptoms
SSB (La) suspicious of:
Sjogren Syndrome L » negative | =
AND / « Myositis
RF 1
CCP r Overlap Syndrome
RA |
AND

Advanced laboratory
testing

U RNP J

Sm
ds-DNA ‘

Topo-l, Th/To, CENP-B
RNA Polymerase IlI

OJ, EJ, KS,

PL7,PL12
Mi-2, MDA-5

PM/Scl-75
PM/Scl-100

ANCA (IIF)
MPA

Positive Results

positive/

Rheumatologist and
Multidisciplinary Approach

MPO-ANCA (EIA) J

@

Negative Results = Follow-Up D aa  Negative Results

T Bahmer et al. Respir Med. 2016 Apr:113:80-92.



(3) Morphologic domain

. radiologic & histologic pattern of CTD-ILD

Type of connective tissue disease

SSc RA SS MCTD PM/DM SLE
CTD prevalence 26" 0.5%—-2% of the 3% in > age of 3.8° Unknown 15%—50"
general 50 years
population [14]
Clinical TLDP <45% [21]°  7.7% [22] 11%-15% [23]° [24]° 54% [25]® 15%-78% [21,26-28]" 11% [29]'
HRCT 70%—90% 19% [31] 75% of asymptomatic  52%-85% 23%—61% [3,27] < 30% [21]
abnormality [21] patients [33] [20,32]
Common NSIP uIpP NSIP NSIP NSIP NSIP
ILD type uIP NSIP LIP, OP, UIP, DIP OP, UIP, DAD, LIP, OP, UIP
OP, DIP LIP AIP, DIP
ILD-cause Unknown 10%-20% [42] 5-Year survival: Unknown From subclinical to 50% [63]
mortality 84% [49] rapidly progressive
and fatal [61]
Table 1 | The relative prevalence of histological patterns in IIP in CTDs
Lung pattern P Rheumatoid Systemic SLE  Polymyositis- Sjogren
arthritis sclerosis dermatomyositis syndrome
Usual interstitial pneumonia 4+ ++ + + + +
Nonspecific interstitial pneumonia ++ ++ +++ ++ ++ ++
Desquamative interstitial pneumonia and/or RB-ILD + + EE ae eE +
Organizing pneumonia e + + 3t ++ +
Lymphocytic interstitial pneumonia + + + + + ++
Pleuroparenchymal fibroelastosis + ? ? ? ? ?
Diffuse alveolar damage + o + + o + AU Wellot al Nat Rev Rneumatol 2014 Dec.10(12):726.39




DDx of CTD-ILD from [IP: Why important ?

- Prognostic perspective

* InRA, 10-20% ILD precedes articular disease 828 U.S cohort & 513 UK ILD cohort

. : . PPF defined by >10% relative FVC decline
* No correlation with severity

1.00 { =
— ““ﬁf\h\
© NN,
a) 1.004 = N
U:IJ 0-75 - - - {"'.._
. "—u-\.::\h
8 N
£ 0.50 - B g
0-75— g -‘--_. \___._‘___‘L
o M
w . -
o = 0.25 -
© =
>
E 0'50- 0.00 1 T T T T T T
= 0 12 24 36 48 60
= Time (months) HR (95% C|
at risk (95% €I
0.25- fHP210 150 121 81 55 31 1.11(0.91-1.36)
— |PAF CTD204 172 135 103 79 56 (.84(0.68-1.03)
—— |PF 1IP226 161 116 82 52 34 1.40(1.16-1.68)
CTD-ILD IPF740 639 490 368 262 178
0.00 T T T T | —_———fHP ————- CTD
0 20 40 60 80 100 P —— IPE
Bongartz et al. Arthritis Rheum 2010;62:1583-91,

Tl me mont h S JM Oldham et al. Eur Respir J. 2016 Jun;47(6):1767-75

Am J Respir Crit Care Med. 2023 Jan 1;207(1):69-76.



DDx of CTD-ILD from [IP: Why important ?

- therapeutic perspective

therapy
« CTD-ILD
- Hypersensitivity ~ » ‘ Antifibrotic
pneumonitis therapy
« Unclassifiable ILD
Combination
J therapy
r —" R i
Clinical monitoring Immunomodulatory Antifibrotic
Stable patient therapy or combined
Low risk of progression immunomodulatory and
antifibrotic therapy
>
Disease trajectory with progressive fibrosis

KA Johannson et al. Lancet 2021;398:1450-60



Treatment for SARD-ILD

ACR/CHEST guideline (July 2024)

Initial treatment options for the treatment of SARD associated ILD

Systemic Sclerosis Myositis MCTD Rheumatoid Arthritis Sjogren’s
Preferred
First-line ILD
therapy
Additional
options
+
Strong
[T Igi I recommendation

against GCs

B Strong recommendation against  [[] Conditional recommendation



Clinical course

Lung function changes ——F\/(C ——DLCO
80
70
63
= o 57 /
E =57
S
3 50 o2 #Z (V-neck, Shawl sign), & &
§ 40 CYC pulse #6 —® 42
S Pd AZA add
Y a
o 30 Rituximab
X > MMF Home O
50 2 Nintedanib Home O, off
2023-05-17 2023-07-03 2024-04-24 2024-10-15 2025-01-09 2025-08-14

After CYC #6




Treatment for SARD-ILD

ACR/CHEST guideline (July 2024)

Management of SARD-ILD with progression of ILD despite first ILD therapy

People with progression of M Strong recommendation against
ILD on first ILD therapy’ [J Conditional recommendation against
Conditional recommendation

[

Sjogren’s

Therapy
Options
Strong 7aai'nst Against ﬁ
Additional long-term GCs long-term GCs1 long-term GCs' long-term GCs? | long-term GCs" )
Considerations ’

Referral for lung-transplant evaluation at appropriate time for progressive disease



Screening for ILD in CTD

ERS/EULAR guideline (Sep, 2025)

TABLE 3 Risk factors in patients with connective tissue disease and rheumatoid arthritis (RA) defining an at-risk patient population that should be

screened for interstitial lung disease

Demographics - Longer disease » Older age
duration - Male sex
+  Smoking
Circulating markers » Increased KL-6 + Increased ESR
+  Presence of ATA-l « Presence of anti-CCP,
RF

Extrapulmonary - Diffuse » Higher articular

involvement cutaneous SSc disease activity

= Higher mRSS

Older age

Increased CRP, ESR
Presence of anti-Jol,
anti-MDA-5, anti-Ro52
Anti-synthetase syndrome
Clinical amyopathic
dermatomyositis

Skin involvement®
Arthritis/arthralgia

Older age
Male sex

Increased CRP
Presence of anti-Ro52

Presence of
extrapulmonary
involvement

Screening of CTD for ILD

Assess risk factors for ILD

Assess risk factors for ILD

Risk No risk Risk factors for No risk
factors* factors® RA* and SjDS factors
Screening Screening Screening Screening No
with HRCT with HRCT with HRCT with HRCT screening

Consider in every patient:
« Assessment of respiratory symptoms
« Lung function tests (FVC and D, q) in case of symptoms or CT abnormalities

Strong recommendation Conditional recommendation

[ Clinical practice




Treatment for other CTD-ILD

ERS/EULAR guideline (Sep, 2025)

Treatment of other CTD-ILD

No indication High risk of progression and/or severe Progressive
for treatment Any other CTD-ILD multiorgan involvement pulmonary fibrosis
Immunosuppressive treatment
Nintedanib binati
Mycophenolate . Rituximab Combination of |n_e R
L Glucocorticoids . . of immunosuppressant
Azathioprine Cyclophosphamide immunosuppressants and nintedanib

Monitoring

ILD progression, ILD and extrapulmonary involvement not

Treatment goals met controlled or treatment goals not met

Add on or switch of therapy may be considered:

Conditional recommendation - If on mono or combination treatment, add or switch immunosuppressant

- If progressive pulmonary fibrosis, add nintedanib

» Biologics are to date not used in combination

» Consider referral for lung transplant consideration in case of progressive and severe ILD

» Avoid long-term use of high-dose glucocorticoids and steroid-sparing treatments may be considered

1 Usual clinical practice




Pathogenesis of self-perpetuation of pulmonary fibrosis

Early phase
: Underlying disease-specific

Rezpiratory bronchicle
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ILDs manifesting progressive pulmonary fibrosis (PPF)

( Interstitial Lung Diseases (ILDs) other than Idiopathic Pulmonary Fibrosis (IPF) J

[P Autoimmune-ILDs Exposure related ILDs .W'th cyst.s‘and/or Sarcoidosis
airspace filling

I_I—I

e N\ 0 e ) s M s )
iNSIP COP RA HP LCH
_ : J _ : Y, \ . Y, \ - J \. - J
( \ [ ) ( ) ( Occupational ) ( ]
iPPFE iLIP SSc . Asbectost AL
\ e — / \ , < * Silicosis pr0|elra e
f. \ B ( A ¢ Coal miner
iDIP AP MCTD * Berylliosis PAP
\ L[]
\ : J ; : < (¢ And m?ny others ) ; 1 <
AFOP | Myositis' i Medicati | LAM
edication
SRR : ; —— )
g . ( : ( j
kUncIassnflable [Eosinophilic*J Sjégrens Radiation Others
J \_ . J L ) i )
( A % ; )
Vasculitis lllicit drugs
\_ . J L : )
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SLE Post Infectious
o T J \_ : J
i N\ 4 \
Others RBILD*
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Natural course of PPF — Lung function

207 —m— INPULSIS -221.0 mL/y
0B INBUILD (overall population) -192.9 mL/y
2 \?\1‘\"\ . INBUILD (UIP-like fibrotic pattern on HRCT) -214.6 mL/y
cC o | I
j:uu % 50 T \;\ ; INBUILD (other fibrotic patterns on HRCT) -160.1 mL/y
@
= m
=2 -100
25 l
= + -
2 £ | \ _l_
= =150 Y
=T
= c 1
~200- g
=250 .
0 2 4 6 12 24 36 52
Number of subjects Week
INPULSIS 417 408 407 403 395 383 345
INBUILD (overall population] 325 326 325 320 311 296 274
INBUILD [UIP-like fibrotic pattern) 202 202 201 197 190 176 162
INBUILD (other fibrotic patterns] 123 124 124 123 121 120 112

Eur Respir J 2020;55:2000085



Natural course of PPF — Mortality

PF-ILD in UK (9 centres): 14.5% (253 out of 1,749) by INBUILD criteria
: CHP (33.2%), ulLD (17.3%), CTD-ILD (16.6%), others (14.2%)

Survival probability

1.004 .
0.75- e
0.50-
0.25-
p<0.0001 Strata
IPF
—+Non PF-ILD
~PF-ILD
0.00-
| | I | | I | I I I I
0O 100 200 300 400 500 600 700 800 900 1000

Time days

* Mortality of PF-ILD

- HR, 3.32 (95% ClI, 2.53 - 4.37)
compared to non-progressive ILD

- HR 1.06 (95% ClI, 0.84-1.35)

compared to IPF

Eur Respir J 2021; 58: 2100221



International guidelines ATS/ERS/JRS/ALAT (2022)

“Progressive pulmonary fibrosis (PPF)”

Definition of PPF

In a patient with ILD of known or unknown etiology other than IPF who has radiological
evidence of pulmonary fibrosis, PPF is defined as at least two of the following three
criteria occurring within the past year with no altemative explanation™

1 Worsening respiratory symptoms

2 Physiological evidence of disease progression (either of the following):
a. Absolute decline in FVC =5% predicted within 1 yr of follow-up
b. Absolute decline in DL (corrected for Hb) =10% predicted within 1 yr of follow-up

3 Radiological evidence of disease progression (one or more of the following):
a. Increased extent or severity of traction bronchiectasis and bronchiolectasis
b. New ground-glass opacity with traction bronchiectasis
c. New fine reticulation
d. Increased extent or increased coarseness of reticular abnormality
e. New or increased honeycombing
f. Increased lobar volume loss

Am J Respir Crit Care Med 2022;205(9):e18



Different phenotype -Inflammation vs. Fibrosis

Risk factors

8 ®

Environmental or other triggers Genetic susceptibility Activated immune system

Initiation of interstitial lung disease

‘ Persistent trigger ‘ Development of systemic disease Infection (eg, COVID-19) ‘ Ageing ‘

Inflammation Wound healing Extracellular matrix

pathways deposition and
increased lung
stiffness

Inflammatory interstitial Mixed interstitial lung Fibrotic interstitial lung

Inflammation Ll disease disease Fibrosis

ex) Autoimmune disease ex) IPF

Endothelial
activation

Imbalance in
profibrotic and antifibrotic
mediators

.
Lancet. 2022 Sep 3;400(10354):769-786.




Are Symptom and Physiologic Decline Enough
to Define PPF?



Radiologic criteria for PPF

Definition of PPF

In a patient with ILD of known or unknown etiology other than IPF who has radiological
evidence of pulmonary fibrosis, PPF is defined as at least two of the following three
criteria occurring within the past year with no altemative explanation™:

1 Worsening respiratory symptoms

2 Physiological evidence of disease progression (either of the following):
a. Absolute decline in FVC =5% predicted within 1 yr of follow-up
b. Absolute decline in DL (corrected for Hb) =10% predicted within 1 yr of follow-up

3 Radiological evidence of disease progression (one or more of the following):
a. Increased extent or severity of traction bronchiectasis and bronchiolectasis
b. New ground-glass opacity with traction bronchiectasis
c. New fine reticulation
d. Increased extent or increased coarseness of reticular abnormality
e. New or increased honeycombing
f. Increased lobar volume loss

Am J Respir Crit Care Med 2022;205(9):e18



Nintedanib in PPF

663 patients with PF-ILD (non IPF ILD) in 15 countries

Nintedanib (n=332) Placebo (n=331)
INBUILD trial design

Double-blind
Nintedanib :
1 Open-label
Screening - - SR
o '

A
v

extension

Placebo

Visit 1 2345 6 7 8 9
I i i i i 7/ bo--mmm- - m Autoimmune ILDs
Week 0246 12 24 36 52 T = HP
Part A Part B# ® Unclassifiable IIP
T First database lock" m idiopathic NSIP
Assessment of primary end-point Final database lock* m Other ILDs

Eur Respir J. 2022;59(3):2004538.
N Engl J Med. 2019;381(18):1718-1727



Nintedanib slowed the rate of lung function decline

0®
Nintedanib, overall
) population
= 204 020 FEPS.. .. T es=STog—————————=r=
9 Nintedanib, UIP-like { = —TT===o__ _
P ! fibrotic pattern
£ T 100+
Q= T
=
o E’ I T Placebo, overall
£ C _150- I : population
< l
v T
§ Placebo, UIP-lik |
L) -2004 acebo, e
2 fibrotic pattern |
-250 L — T T T |
0 2 4 6 12 24 36 52
Week nanalysed Difference Treatment by
(95% Cl) subgroup by
No. of Patients time interaction
Overall population Nintedanib ~ Placebo
Nintedanib 332 326 320 322 314 298 Hypersensitivity pneumonitis 84 89 | 71(86101548)  p-0dl
R'acebo. . 331 325 326 325 320 311 Autoimmune interstitial lung diseases 82 a8 —q'— 104-0 (21-1t0 186-9)
Patients with UIP-like fibrotic NSIP 6 61 : 1416 (46.010237:2)
'pattern. Unclassifiable 1P 64 50 __._:,_ 683 (-31-4t0 168-1)
Nintedanib 206 203 200 199 193 130 Other interstitial lung diseases 38 43 e 197.1(77-6t03167)
Placebo 206 202 202 201 197 190 All patients 332 331 + 107-0 (65-4 to 148-5)
200 -100 © 100 200 300 400 500
t— —>
Favours placebo Favours nintedanib

N Engl J Med. 2019; 381:1718
Lancet Respir Med. 2020;8(5):453



Nintedanib reduced mortality

a)
Time to first AE or death
a) &
g =3
52 5&
=3 o <
g5 £%
= o E .8
55 %5
I ° 604 v o
c 0 -
g 2 o
S Y U ‘'
S 40 il
0 c oo
ok B
38 =
& § 2040 Hazard ratio 0.67 | =
a. 3 0 .46-0.98);
x nominal p=0.04
0 T T T T T T T T T T T T T T T
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900
Time to first acute exacerbation of ILD or death (days) ; !
Subjects (n): Sgbjects (n).
Nintedanib 332 330 325 318 314 309 305 303 268 194 127 81 35 14 1 Nintedanib
Placebo 331 325 320 314 311 302 298 290 252 171 121 77 35 13 o o  Placebo
nanalysed Difference Treatment by
(95% (1) subgroup by
time interaction
Nintedanib  Placebo
Hypersensitivity pneumonitis 84 89 -—-—é— 731(-8-6t0154-8) p=0-41
Autoimmune interstitial lung diseases 82 88 S 104-0 (21110 186-9)
iNSIP 64 61 _— 1416 (46-010 237.2)
Unclassifiable [IP 64 50 ——o—;-— 683 (-31-4to1681)
Other interstitial lung diseases 38 43 —é—-— 197-1(77-6to 316-7)
All patients 332 33 —— 107-0 (65-4 to 148-5)
fZIOO 71I00 0 1(50 260 360 4(IJO S(I)O
+— —»
Favours placebo  Favours nintedanib

80+

60

40

Hazard ratio 0.66
(95% C10.53-0.83);

nominal p=0.0003
0 T T T

20

......

Time to progression or death

................

..................
4,

............

.......

0 60 120 18

332 314 301 285
331 309 299 280

T T T T T T T T T T T

T
240 300 360 420 480 540 600 660 720 780 840 90
Time to ILD progression or death (days)

279 267 261 245 200
274 243 234 203 163

143
104

85
65

52
38

22 7§ 1 0
17 6 0 0

Eur Respir J 2022;59:2004538
Lancet Respir Med. 2020;8(5):453



Nintedanib in Korea
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« Case 2: 30



2025-12-01 dyspnea = ER visit

Chief complaint) dyspnea, mMRC 3

Present illness)

1997 — 2019 XAl 2 g7|Lfdt ILD 2 FHSIEH &, 0|2 follow-up loss 2 &
XLHAIE F, 17012 ™ 52| EF2Z injection Al& 25 H Xl dyspnea &



Past medical history

Past medical history)
1997 HXE AFH: CT multifocal consolidation 22 &, Open lung biopsy A&, organizing pneumonia
E 40 BN 0[= annual CT FU otH & 2019 U2 EH =8 Z=E|0 0 Cfgt == loss E HEIZ2 X|'H

Social history)
Smoking: Never smoker
Alcohol: non-alcoholic

Occupation: 0 WA} O|= MY =&

Family history) denied
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Physical examination

Vital sign) 151/93 mmHg-101/min-20/min-36.7°C, SpO2 82% at ambient air > O2 4L/min apply
General) alert, Skin rash (-)
Chest) inspiratory crackle, BLLF
Extremities)

Digit deformity +/+
both leg pitting edema +/+




Initial laboratory results

CBC : 8390 - 14.9 — 200k, ANC 5340
AST/ALT 29/23

BUN/Cr 12 / 0.62

CRP 0.62

ABGA (02 2L/min) : pH 7.456, pCO2 29 mmHg, pO2 61 mmHg, HCO3 20 mmol/L, Sat 93%
Troponin T: 0.015 ng/mL, CK-MB : 0.27 ng/mL
NT-ProBNP 4065 pg/mL

D-dimer : 0.85

KL-6 : 177 U/mL



Initial Chest CT

SEOUL ST M, SEOUL ST MARY'S HOSPITAL
SOMATOM SOMATOM Definition Edge

2025-12-01
15:49:35

SL:3.00 thk
SP:-553.00
Gl:0.00

2025-12-01
15:49:35

SL:3.00 thk
SP:-499.00
Gl:0.00

Acc:2025°2025-12-01

15:49:35

SL:3.00 thk
SP:-472.00
GI:0.00

Acc:202512012090292044
Srs:2

Img:63




Comparison with old CT

SEOUL ST MARY'S HOSPITAL
SOMATOM Definition Edge
KANGNAM § 4 SEOUL ST MARY'S HOSPITAL
2025-12-01 Acc:202512012090292044 SOMATOM Definition Edge
Acc:20015:49:35 Srs:2 Acc:202512012090292044
09106 Img:36 I Srsei
. mg:
SL:5.00 thk o SL:3.00 thk
SP:42.00 - SP:-553.00
G008 Gl:0.00




Special laboratory results

ANA : positive, cytoplasmic, nuclear, 1:320
Anti-SS-A 52 : 3+

Anti-Jo1 : 3+

RA factor : 7.8

Anti-CCP Ab : negative

C3/C4:99 / 17.6 mg/dL

lgG/A/M : 1723 / 294 / 138 mg/dL

ANCA : negative



Special examination

Spirometry

FVC 1.73 L (66%)
FEV, 1.28 L (68%)
FEV,/FVC ratio 0.74
TLC 3.31 L (79%)
DLCO 26%

Sono Salivary gland Salivary flow test

Parotid gland, both, Grade 1
Submandibular gland, both, Grade 2

=  Unstimulated saliva : 0.01 ml/5min

= 0.106 mL/min (normal : > 0.1-0.3 mL/min)
- Consistent with Sjogren’s syndrome

= Suggestive of primary Sjogren’s syndrome



Echocardiography

Echocardiography

1. severe PH (TR Vmax 3.9 m/s, RVSP = 76mmHg),
maybe underlying Lung disease

2. RV dilatation with mild RV dysfunction

3. RA dilatation

4. scanty pericardial effusion

=> Evidence of PTE excluded on Chest CT

= PH due to lung disease ? RHC is not necessary ?




Diagnostic algorithm for PH in chronic lung disease

Chronic lung diseases

» Change in disease trajectory + PFTs: D¢ O Ko =40%, D co = Elevated BMP or NT-proBNP + Pulmonary artery/aorta >1

= Unexplained shortness of breath + by 15% + Pulmonary artery =32 mm
- « Reduced exercise capacity « FVC/D¢n=1.6in ILD « Enlarged RH chambers

« Presyncope/syncope « GMWT: marked + in MWD, + Pruning of the peripheral vessels

= Peripheral oedema worsening 5,0, HRR* <13 + "Water-bottle" shape of cardiac

« Tricuspid regurgitation murmur | | « Worsening at rest S,q /Pag, with silhouette

» RV third heart sound stable lung volumes « Assess for extent of ILD

» Jugular venous distention « CPET: exhausted circulatory « Assess for extent of emphysema

= Parasternal heave reserve

- el
! r ¢

Low Moderate High
h
Observe/re-evaluate |« Low Intermediate/high
v ¥
Confirm PH Right heart catheterisation if results impact management

Eur Respir J 2024; 64: 2401200



Rt heart catheterization (RHC)

« Gold standard to confirm PH
 Inconclusive echoCG findings in case with a high level of suspicion and potential therapeutic
implications.

@ESC @ ERS

In patients with lung disease and suspected PH, it is recommended to optimize treatment of the underlying lung disease and, where - C

indicated, hypoxaemia, sleep-disordered breathing, and/or alveolar hypoventilation

Cc

In patients with lung disease and suspected PH, RHC is recommended if the results are expected to aid management decisions -

European Heart Journal (2022) 43, 3618-3731



RHC results

Hd o
ME 151 cn
H=:51 ka

MEMEEBSA) 1,46 w
ZALAIR Y . 2025-12-04
dAER
HOWFH 22| &) 1 R Y
thaEg 3 /min

et (Heart Rate) | 82 BPM

Saldror ™A (BA Pressure) | 6 imHg
o =gt
o= et ==7| (sPAP) : 61 mHg
o ZH e o] =2k (dPARP) @ 26 mmHg

o =Mt ™A (meanPAF) @ 36 mHg
oS 24 7] 2F B4 (meanFAWF) 1 10 mmHg
o2 DA e x (TPG) 0 26 mHg
O =%t 0|2t Y= x (OPG) 16 mHg
=Y == (sBP) ¢ 142 mHg
CHZE o] 2t2| 2 (dBF) @ 76 mHg
CHZaH ™A (mBPY 107 mmHg
HebE et (Cardiac Output) @ 2.3 £/min
Aer= 2T 2= (Cardiac Qutput Index) 1.6 #/min/me2
Y2 (PYR), W 11,3
HEY A (SYR), WU A2 8
HMEHd| (PVR/SYR) 0 3,76
SWME MaAESIE (At O2 Sat) 0 100 %
EtEO MAESE (Wen O 380 1 66T %
HE=28 (Hb): 13,4 g/d¢
di=&dE
(RYSF : B2mmHg)

PH d/t chronic lung disease ?

Treat underlying lung disease ?

precapilary FH




0 »
Pulmonary congestion in .
post-capillary PH 5

4

_

Pulmonary vascular disease / 2
I

obstruction in pre-capillary PH

Mortality Hazard Ratio

Mortality Hazard Ratio

/"

10 20 30 40 50 60

CLINICAL CLASSIFICATION )

¢ |diopathic/heritable
¢ Associated
conditions

Medical therapy
* PAH drugs

*CCBin
responders

Lung
transplantation

e |pcPH
e CpcPH

THERAPEUTIC STRZ TEGIES )

IpcPH:
¢ Treatment of LHD*?

CpcPH:

e Treatment of LHD?
* Potentially: PAH
drugs (trials)

mPAP (mmHg)

* Non-severe PH
e Severe PH

PH-lung disease:

» Optimized care of
underlying lung
disease

Severe PH:
¢ Potentially: PAH
drugs (trials)

0 1 2 3 4 5 &
PVR (Wood units)

e CTEPH

¢ Other pulmonary
obstructions

Surgical therapy:
« PEA

Interventional:
« BPA

Medical therapy:
e PH drugs

Right heart
failure

- PH with unclear
and/or multifactorial

¢ Haematological
disorders
¢ Systemic disorders

Optimized
treatment of
underlying disease

« Potentially: PAH
drugs (trials)

@ESC

European Society
of Cardiology

Group 1 (PAH)
Vs

Group 3 (PH associated with lung disease)

European Heart Journal (2022) 43, 3618—-3731



Pathophysiology and current therapeutic targets of PAH (Group 1)

Pulmonary Vascular

Intimal proliferation, fibrosis -
artery obstruction

/_ /—Vascular remodelling
Medial hypertrophy

Endothelin receptor antagonists (oral administration)

Right ventr.icular Ambrisentan 5 mgod. 10 mg od. Soluble guanylate cyclase stimulator (oral administration)
remodelling / B 625 me bid 125 me bid
dysfunction osentan - Mg bd. mg b.L.d Riociguat? 1 mg tid. 25 mg tid.
Macitentan 10 mg o.d. 10 mg o.d.

Prostacyclin analogues (inhaled administration)

Vasoconstriction Yol PN Ly £ Phosphodiesterase 5 inhibitors (oral administration) lloprost® 25 g 6-9 5.0 pg 6-9 times per day
Medial Intimal Plexiform Sildenafil 20 mg tid. 20 mg tid* times per day
h lasi liferati lesi
YPSIPSA. prosersten esons Tadalafil 20 or 40 mg 40 mg o.d. Treprostinil® 18 pg 4 times 54-72 pg 4 times per day
: = od. per day
. . Prostacyclin analogues (oral administration) Prostacyclin analogues (i.v. or s.c. administration)
Endothelin pathway NO-sGC-cGMP pathway Prostacyclin pathway
Beraprost sodium 20 pg tid. Maximum tolerated dose up to Epoprostenol i.v. 2 ng/kg/min Determined by tolerability and
40 pg tid. effectiveness; typical dose range
Beraprost 60 pg b.id. Maximum tolerated dose up to at 1 year is 16-30 ng/kg/min,
: extended release 180 pg b.id. with wide individual variability
: Pro-endothelin- | L-arginine Arachidonic ?Cid Treprostinil 0.25 mg b.id. Maximum tolerated dose Treprostinil s.c. or 1.25 nglkg/ Determined by tolerability and
A\ = \ or iv. min effectiveness; typical dose range
f o - 0.125 mg tid. at 1 year is 25-60 ng/kg/min,
Endothelin-| Nitric oxide Prostacyclin with wide individual variability
(Vasoconstriction (Vasodilatation and (Vasodilatation and Prostacyclin receptor agonist (oral administration)
and proliferation) antiproliferation) antiproliferation) Selexipag 200 pg b.id. Maximum tolerated dose up to
/ \ 1600 pg b.i.d.
IP receptor
» ﬂ — SGC R pPyp | — = g
Endothelin Endothelin =~ — -g-“‘@" T ===
S 1
. receptorA \Leceptor B q e Q - Q
—— = ; . RA-
: GTP & icGMP GMP cAMP Eur Respir J 2024, 64: 2401200

e European Heart Journal (2022) 43, 3618-3731



Management of PAH

Initial risk assessment® a. The treatment algorithm is intended for patients with
! confirmed group 1 PAH (phenotypically clear-cut,
including mPAP 225 mmHg and PVR >3 Wood Units

Not high risk® and no significant response on acute vasoreactivity
Combination ERA + PDE-5i Combination iv./s.c. PPA, ERA, PDE-5i testing). See fext for treatment in PAH with complex
l T phenotypes.
v b. Risk assessment should be performed at baseline,
First follow-up risk reassessment at 3-4 months within 3-4 months and periodically thereafter, and
And repeated frequently® using FC, 6MWD and natriuretic peptides as a part of
I L a validated risk calculator. Haemodynamics, RV
m Intarmeadliate-high risk? imaging and t?ther measures should be used to
supplement risk assessment.
Continue initial | | Add activin-signalling Add iv./s.c. PPA or Add iv./s.c. PPA c. Initial triple therapy with an iv./s.c. PPAis
therapy inhibitor, oral or activin-signalling (15t choice if not on) recommended in high-risk patients and may be
inhaled PPA inhibitor or activin-signalling considered in non-high risk with severe

Can consider switch [ inhibitor haemodynamics and/or poor RV function.
PDE-5i to sGCS ] d. Most low-risk patients at follow-up should continue
initial therapy.

e. Clinical trials with oral and inhaled treprostinil

Persistent intermediate-high or high

Maximal Rx: 4-drug i.v./s.c. PPA, ERA, PDE-5i included only patients on monotherapy, while
or sGCS, activin-signalling inhibitor studies of selexipag and sotarcept included patients
Lung transplant evaluation on combination therapy.

f. Transplant referral should be considered for select
high-risk patients at diagnosis, and for
intermediate-high and high-risk patients at first or
subsequent follow-up.

Eur Respir J 2024; 64: 2401325



Pathogenic factors associated with the development of PH in ILD

Parenchymal fibrosis ]

|

Capillary bed destruction ]

& vascular ablation

L1 ]

Shear stress
Distorted lung
architecture

y
Ventilation/perfusion
mismatch
Hypoxic vasoconstriction
_systemic
-regional

1

Perivascular fibrosis
& reduced vascular
capacitance

}

PVOD-like lesions

y

Fibrotic cytokine milieu |

!

Vascular remodeling I

Comorbid conditions
OSA, thromboembolic
disease, heart failure

Cross-sectional area of the vessels (mm?) Fibrotic areas by texture analysis algorithm

PVOD = pulmonary veno-occlusive disease

Pathway 1

Alveolar Hypoxemia
(in the setting of ILD)

Hypoxic Pulmonary
Vasoconstriction
(HPVC)

Adaptive ¢
Phase

Improved
Oxygenation

v

Vascular Remodeling
(1 PVR)

¢

Maladaptive = Diminished HPVC
Phase Raspones

‘

Impaired V/Q
Matching

Worsening
Hypoxemia

Pathway 2

1 Pro-inflammatory
ediators
(in the setting of ILD)

7\

Vascular Disrupted
Remodeling Angiogenesis

N/

Impaired V/Q
Matching

|

Worsening Hypoxemia

|

HPVC
(1 PVR)

Eur Respir J 2024; 64: 2401200
Am J Respir Crit Care Med. 2023;208(3):238-246.



Studies of ILD & PH a/w ILD with PH medications

ILD/IIP/IPF trials
Kots, 2018 [170]

Bewr, 2021 [171]

MNatuan, 2020 [ 172]

Bellerophon Pulse
Technologies [173]

PH associated with ILD/
IIP/IPF trials

Faria-Ureina, 2018 [174]

Natuan, 2019 [62]

Waxman, 2021 [61]

Dauwes, 2023 [175]

IPF

IPF

Fibrotic

ILD

Fibrotic
ILD

ILD-PH

lIP-PH

ILD-PH

ILD-PH

RCT

RCT

RCT

RCT

Retrospective

RCT

RCT

Retrospective

274

177

45

145

22

147

326

60

Nintedanib Primary end-point of
+sildenafil change in SGRQ was not
(n=137) met
Pirfenidone No difference in disease
+sildenafil progression (composite
(n=88) end-point)
iNO (n=23) Improvement in
moderate to vigorous
and overall activity
iNO (n=73) Did not improve
moderate to vigorous
activity
Treprostinil Improvement in FC and
(inhaled) EMWD
(n=22) Mo change in resting
oxygen requirements
Riociguat Terminated early for
(n=73) unfavourable risk/benefit
profile
Treprostinil Improved 6MWD,
(inhaled) NT-proBNP, clinical
(n=163) worsening and FVC
PDE-5i (n=50) Patients treated with
n=1 sildenafil showed longer

survival

Composite end-point of decline
in 6MWD and hospitalisation or
all-cause mortality
Patients on supplemental
OXygen

Patients on supplemental
oxygen

Post hoc analysis of CT scans
suggested that advanced CPFE
phenotype with emphysema ==

fibrosis may have contributed to
the negative signal [87]

No effect on V'/Q" matching

Eur Respir J 2024; 64: 2401200



Recommendations for PH associated with lung disease

In patients with lung disease and severe PH, an individualized approach to treatment is recommended

c
It is recommended to refer eligible patients with lung disease and PH for LTx evaluation c
Inhaled treprostinil may be considered in patients with PH associated with ILD"** B
The use of ambrisentan is not recommended in patients with PH associated with IPF*° B

. : : : . . . 181

The use of riociguat ;ﬂt recommended in patients with PH associated with IIP B
The use of PAH medication is not recommended in patients with lung disease and non-severe PH® C
PDESis may be considered in patients with severe PH associated with ILD Very low Conditional c
(individual decision-making in PH centres)
The use of PDESis in patients with ILD and non-severe PH is not recommended Very low Conditional c

European Heart Journal (2022) 43, 3618-3731



Management algorithm in ILD-PH patients

*PH with mPAP>20 mmHg **PH with mPAP>20 mmHg R Monitor for increasing pressures
PVR>2 wu PVR=3 wu Further studies needed

. ! **Severe PH
PH with mPAP = 25 mmHg
PVR = 3 wu
Referral to PH
program

Assess for contributory factors
-Hypoxemia
-Nocturnal desaturate
-0SA
-Heart failure

Consider referral to

ILD or PH program

W

Inhaled treprostinil

Transplant referral Intolerant or .

if no contraindications ! i
unavailable Consider Partf,-nteral
prostanoid
4

Contraindicated:
ambrisentan, riociguat

May consider trial of
sildenafil

***Severe PH-should be determined by the PH specialist.
More advanced therapies should not be based on any specific definition but should
account for the degree of hemodynamic compromise in relation to the severity of the ILD.

European Heart Journal (2022) 43, 3618-3731
Am J Respir Crit Care Med. 2023;208(3):238-246.



iInhaled Treprostinil

TETON trial

" P v
Treprostinil H 4 y_
t W L%

Mechanism of action

1. Activation of prostaglandin E type 2 (EP2), prostacyclin receptor (IP),
prostaglandin D type 1 (DP1) receptor

Vasodilation
Inhibits fibroblast to myofibroblast differentiation
Suppresses 7ibroblast proliferation

Suppresses collagen overproduction

N2 2 20 Z

Reduces /nflammatory cell recruitment & reduces £ECM synthesis

2. Activation of the nuclear receptor, peroxisome proliferator-activated

receptor b (PPAR-)
-> Suppresses fibroblast proliferation

Adv Ther. 2022 Sep;39(9):3881-3895.




iInhaled Treprostinil in ILD with PH

INCREASE study
a) 200 1 INCREASE INCREASE b) 6.0 7 INCREASE INCREASE
0 RCT RCT
150 T
£g 1007 S 8 TETON 1 : IPF 5983,
£F 50 £ 20
S 5%
cg 0f c 8 USA, Canada
3 8 ~m SE oom
=" 50 = £
ol TETON 2 : IPF 5979,
-100 — | | | -2.0 — | 1 |
4 8 16 28 64 4 8 16 28 64 . . . .
Asian-pacific, Europe, Latin America
Study week Study week
Inhaled treprostinil in RCT (n): Inhaled treprostinil in RCT (n): . H
162141 129 100 46 162141 129 100 46 TETON-PPF: 6983, non-IPF PPF
Placebo in RCT (n): Placebo in RCT (n):
161 140 124 97 67 161 140 124 97 67
Inhaled treprostinil - Placebo
~®- Inhaled treprostinil in RCT - inhaled treprostinil in OLE -l Placebo in RCT » inhaled treprostinil in OLE

Eur Respir J. 2023 Jun 29;61(6):2202414.



Framework for management of patients with |ILD-associated PH

PH associated with fibrotic ILDs

Treatment of underlying ILD and hypoxaemia
Referral of potentially eligible patients for lung transplantation
Pulmaonary rehabilitation, supportive care, symptom management

Clinical trial enrolment
Individualised management

Domains Favours PH therapy

Worsening symptoms due to PH
Underlying CTD

Favours no PH therapy

Relevant comorbidities Clinical domain

PVR 2-3 WU and mPAP 20-25 mmHg Haemodynamics PVR =4 WU and mPAP =25 mmHg

Severe restrictive ventilatory defect Functional Mild-to-moderate restrictive ventilatory defect
FEV,/FVC <0.7 domain Vascular limitation to exercise
Normal BNP/NT-proBNP Biological domain Elevated BNP/NT-proBNP
Extensive fibrotic ILD on CT Morphological R
Emphysema extent >15% domain Non-severe fibrotic ILD on CT

Significant drug interactions Other considerations Drug approval and reimbursement®

Vasculopathy

Serial re-assessment for progression

Eur Respir J 2024; 64: 2401200




Assessment

Diagnosis)
#1. Sjogren-associated ILD : OP pattern = fibrotic progression over 30 years
#2. progressive dyspnea (onset TMA)

- d/t Pulmonary hypertension : type 1 + 3 (not soley type 3)

Therapeutic plan)
v' Steroid tappering & MMF add on

v' Opsumit 10mg qd start - Sildenafil add on



Take home message

® Reqgular follow up of non-IPF ILDs for progression to PPF
® Timely antifibrotic therapy for PPF
® Differential diagnosis of other cause when dyspnea worsen in fibrosing ILD but not PPF

® PH in ILD



Thank you for your attention



