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Laboratory tests

The diffuse parenchymal lung diseases (DPLD), often collectively referred to as the interstitial lung diseases (ILDs), are a
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Diffuse parenchymal lung diseases

Diffuse parenchymal lung disease

DPLD of known cause
(eg, drugs or association
[eg, rheumatic disease])

v

Nonfamilial (>80%)

Familial (2 to 20%)

v

Granulomatous DPLD
(eqg, sarcoidosis)

Chronic
fibrosing

v

Acute/subacute
fibrosing

v

|
Smoking-related

'

= Idiopathic pulmonary
fibrosis

= Idiopathic nonspecific
interstitial pneumonia

= Cryptogenic organizing
pneumonia

= Acute interstitial
pneumonia

= Respiratory bronchiolitis
interstitial lung disease

= Desquamative interstitial
prneumonia

Other forms of DPLD
(eg, LAM, PLCH, etc)




ILD-CTD

+ 2uyxvn kal coBapn emTTAok o€ TTAgioTec CTDs

Atzeni F, Gerardi MC, Barilaro G, et al. Interstitial lung disease in
systemic autoimmune rheumatic diseases: a comprehensive

review. Expert Rev Clin Immunol. 2018 Jan;14(1):69-82.

- YWNAOTEPOC ETTITTOAACUOC O0€ SSc Kal RA

Perelas A, Silver RM, Arrossi AV, et al. Systemic sclerosis-associated
interstitial lung disease. Lancet Respir Med. 2020 Mar;8(3):304-320.

Kadura S, Raghu G. Rheumatoid arthritis-interstitial lung disease:

manifestations and current concepts in pathogenesis and
management. Eur Respir Rev. 2021 Jun;30;30(160):210011.
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Interstitial lung disease associated with @ <o
systemic sclerosis (SSc-ILD)

Vincent Cottin'”* and Kevin K. Brown?

Abstract

Background: Systemic sclerosis (SSc) is a rare connective tissue disease with a heterogeneous clinical course.
Interstitial lung disease (ILD) is a common manifestation of SSc and a leading cause of death.
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p<0.001 for changes in frequency of death due to renal crisis and pulmonary fibrosis from 1972-1976 to 1997-2001.

Fig. 2 Causes of SSc-related deaths between 1972 and 2001 (Adapted from [21]). Reproduced from Ann Rheum Dis, Steen VD and Medsger TA,
Volume 66, Pages 940-44, 2007, with permission from BMJ Publishing Group Ltd.




EUROPEAN RESPIRATORY REVIEW
REVIEW
S. KADURA AND G. RAGHU

Rheumatoid arthritis-interstitial lung disease: manifestations
and current concepts in pathogenesis and management

Suha Kadura © and Ganesh Raghu

Dept of Medicine, Center for Interstitial Lung Diseases, University of Washington, Seattle, WA, USA.

Corresponding author: Ganesh Raghu (graghu@uw.edu)

Shareable abstract (@ERSpublications)
'.) Rheumatoid arthritis (RA) is a systemic inflammatory disorder, with the most common extra-
Check for articular manifestation of RA being lung involvement. RA-ILD is a leading cause of death in RA
updates patients and is associated with significant morbidity and mortality. https://bit.ly/3w60Y4i

Cite this article as: Kadura S, Raghu G. Rheumatoid arthritis-interstitial lung disease: manifestations
and current concepts in pathogenesis and management. Eur Respir Rev|2021;|30: 210011
[DOI: 10.1183/16000617.0011-2021].

Abstract
Copyright ©The authors 2021 Rheumatoid arthritis (RA) is a systemic inflammatory disorder, with the most common extra-articular
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Kadura S, Raghu G. Rheumatoid arthritis-interstitial lung disease:
manifestations and current concepts in pathogenesis and
management. Eur Respir Rev. 2021 Jun;30;30(160):210011.

Spagnolo P, Lee JS, Sverzellati N, et al. The lung in rheumatoid
arthritis: focus on interstitial lung disease. Arthritis Rheumatol. 2018
Oct;70(10):1544-1554.
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Fig. 1 The pathogenesis of SSc (Adapted from [2]). SSc is initiated by microvascular injury, inducing inflammation, an autoimmune response, and
fibroblast activation and differentiation. Activated myofibroblasts perform a series of functions, culminating in excess deposition of extracellular
matrix and the development of fibrosis. Republished with permission of The Journal of Clinical Investigation, from Systemic sclerosis: a prototypic
multisystem fibrotic disorder, Varga J and Abraham D, Volume No. 117, Edition No. 3, 2007; permission conveyed through Copyright Clearance

Center, Inc.

to SSc, and validated with a group of SSc experts. The  SSc-ILD is defined by the identification of fibrotic fea-
new criteria were shown to have a sensitivity of 91% and  tures on chest HRCT or standard chest x-ray, generally
a specificity of 92% for detecting SSc. Skin thickening of most pronounced in the lung bases, and/or when
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FIGURE 3 Schematic illustration of the concepts in the pathogenesis of rheumatoid arthritis (RA)-associated interstitial lung disease (ILD) with
various therapeutic targets. The pathogenesis of RA is thought to involve an interplay between various risk factors (including smoking history, male
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[ToIKiAn TTOpEIQ...

...=» ‘Ilvwon = PPF = avartrveuoTiKr aveTTapkela =
OavaTocg

Spagnolo P, Distler O, Ryerson CJ, et al. Mechanisms of progressive

fibrosis in connective tissue disease (CTD)-associated interstitial
lung diseases (ILDs). Ann Rheum Dis. 2021 Feb;80(2):143-150.
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© 2NMAVTIKN N €yKaipn olayvwaon
Idiwgotnv FIBROTIC CTD-ILD & PPF

[TOAUTTAOKN WOTOOO

- multidisciplinary approach

Wells A, Devaraj A, Renzoni EA, et al. Multidisciplinary evaluation in
patients with lung disease associated with connective tissue
disease. Semin Respir Crit Care Med. 2019 Apr;40(2):184-193.

Cottin V, Hirani NA, Hotchkin DL, et al. Presentation, diagnosis and
clinical course of the spectrum of progressive-fibrosing interstitial
lung diseases. Eur Respir Rev. 2018 Dec 31;27(150):180076.
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Cottin V, Hirani NA, Hotchkin DL, et al. Presentation, diagnosis and
clinical course of the spectrum of progressive-fibrosing interstitial
lung diseases. Eur Respir Rev. 2018 Dec 31;27(150):180076.

Wells A, Devaraj A, Renzoni EA, et al. Multidisciplinary evaluation in
patients with lung disease associated with connective tissue
disease. Semin Respir Crit Care Med. 2019 Apr;40(2):184-193.
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In patients with new-onset ILD, multidisciplinary assessment allows a specific
diagnosis to be established in up to 80.5% of cases

Sebastiani M, Faverio P, Manfredi A, et al. Interstitial pneumonia
with autoimmune features: why rheumatologist-pulmonologist col-
laboration is essential. Biomedicines. 2020 Dec 26;9(1):17.

Kadura S, Raghu G. Rheumatoid arthritis-interstitial lung disease:

manifestations and current concepts in pathogenesis and Wells A, Devaraj A, Renzoni EA, et al. Multidisciplinary evaluation in

management. Eur Respir Rev. 2021 Jun;30;30(160):210011. patients with lung disease associated with connective tissue
disease. Semin Respir Crit Care Med. 2019 Apr;40(2):184-193.
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- AUoTIvVola «TTPOOTTABEIOC» &

Tpilovtec Baoewv («Velcro-type» crackles)
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Kondoh Y, Makino S, Ogura T, et al. 2020 guide for the diagnosis
and treatment of interstitial lung disease associated with connec-

tive tissue disease. Respir Investig. 2021 Nov;59(6):709-740.
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(ETTi uTTOYIQC...)

- Ala Bwpakog
PFTs ( TLC,FVC,DLCO)
HRCT Owpakog

Kondoh Y, Makino S, Ogura T, et al. 2020 guide for the diagnosis

and treatment of interstitial lung disease associated with connec-
tive tissue disease. Respir Investig. 2021 Nov;59(6):709-740.
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- EmBepaiwvel Tnv didyvwon

- (ZuvABwc TTePITTA N Bloywia A To BAL)
- [loooTikoTTOIEl TIC BAAEC

- Ti¢ tautotrolei ( UIP vs non-UIP)

- E¢EANIEN TNG vooou ( follow up)

Giménez Palleiro A, Franquet T. Radiological patterns in interstitial

lung disease. Semin Fund Esp Reumatol. 2013;14(4):97-105.



Table 2. Radiological patterns and signs of fibrosis on chest HRCT [40].

Radiological patterns
Linear-reticular pattern

Nodular pattern

Ground-glass pattern

Cystic pattern

Condensation or
consolidation pattern

Usual interstitial pneumonia
(UIP)

Nonspecific interstitial
pneumonia (NSIP)

Nonspecific interstitial
pneumonia (NSIP) fibrotic*

Radiological signs

Thickening of the intralobular septa:
produces linear images of several
centimeters in length.

Intralobular interstitial thickening: presence
of a fine reticular meshwork extending from
the peribronchovascular structures of the
center of the lobule to the interlobular septa,
with a ‘spider web’ morphology.

Small nodules: > 2 mm
Miliary nodules: 1-2 mm

Faint increase in lung density often
geographically distributed, which does not
obliterate adjacent vascular structures

Thin-walled rounded images (generally 1 to
3 mm thick), well-defined and with air
inside them

Increased pulmonary attenuation
associated with blurring of adjacent vessel
contours

Subpleural, basal and symmetrical
localization; occasionally diffuse
Apico-basal progression’

* Ground-glass’ (minimal)Reticulation, bronch-

iectasis and traction bronchiectasis’
Honeycombing’ pattern

Variable involvement (central and
peripheral)

Preference in inferior lobes

Patchy ‘ground-glass’ opacities associated
with linear, reticular and micronodular
images

¢ Traction bronchiectasis/bronchilectasis*

Infrequent ‘honeycombing’ pattern

*Traction bronchiectasis/bronchilectasis refers to NSIP fibrotic.




Usual interstitial pneumonia Subpleural, basal and symmetrical
(UIP) localization; occasionally diffuse
Apico-basal progression’
Ground-glass’ (minimal)Reticulation, bronch-
iectasis and traction bronchiectasis’
Honeycombing' pattern

Nonspecific interstitial Variable involvement (central and

pneumonia (NSIP) peripheral)
Nonspecific interstitial Preference in inferior lobes
pneumonia (NSIP) fibrotic* Patchy ‘ground-glass’ opacities associated
with linear, reticular and micronodular
images
Traction bronchiectasis/bronchilectasis*
Infrequent ‘honeycombing’ pattern

*Traction bronchiectasis/bronchilectasis refers to NSIP fibrotic.




Figure 1. Traction bronchiectasis/bronchiolectasis. Axial, sagittal, and coronal computed tomography images show subpleural-predominant,
lower lung—predominant reticular abnormality with traction bronchiectasis (arrows). Traction bronchiectasis/bronchiolectasis represents irregular
bronchial and/or bronchiolar dilatation caused by surrounding retractile fibrosis; distorted airways are thus identified in a background of
reticulation and/or ground-glass attenuation. On contiguous high-resolution computed tomography sections, the dilated bronchi or bronchioles
can be tracked back toward more central bronchi. The pattern in this patient represents the probable usual interstitial pneumonia pattern.













Figure 2. Honeycombing. Axial, sagittal, and coronal computed tomography images show subpleural-predominant, lower lung—predominant
reticular abnormality with honeycombing (arrowheads). Honeycombing is defined by clustered, thick-walled, cystic spaces of similar diameters,
measuring between 3 and 10 mm but up to 2.5 cm in size. The size and number of cysts often increase as the disease progresses. Often
described in the literature as being layered, a single layer of subpleural cysts is also a manifestation of honeycombing. Honeycombing is an
essential computed tomography criterion for typical (“definite”) usual interstitial pneumonia—idiopathic pulmonary fibrosis pattern when seen with
a basal and peripheral predominance. In this pattern, honeycombing is usually associated with traction bronchiolectasis and a varying degree

of around-ala













Systemic sclerosis-interstitial lung disease Roofeh et al.

Supine image Prone image

High-resolution CT in systemic sclerosis-interstitial lung disease. Inspiratory and prone HRCT demonstrating minimal
reticulation, subpleural ground glass opacity (1) that persists on prone imaging (]) suggestive of interstitial lung abnormalities
and an early fibrotic lung disease. No honeycombing or traction bronchiectasis. *Note slightly dilated esophagus. CT,
computed tomography; HRCT, high-resolution CT.




Clinical therapeutics and hematologic complications

A

Nonspecific interstitial pneumonitis pattern. Lower lung predominant homogeneously distributed ground glass
opacity, reticulation, traction bronchiectasis (1) and dilated esophagus () without honeycombing. Appearances are
compatible with scleroderma-related interstitial lung disease (NSIP pattern).




CTD-ILD MONITORING

PFTs
6MWT
Qol
.HRCT

...U/S kapdiac (doppler)

Atzeni F, Gerardi MC, Barilaro G, et al. Interstitial lung disease in
systemic autoimmune rheumatic diseases: a comprehensive

review. Expert Rev Clin Immunol. 2018 Jan;14(1):69-82.
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- 30-60% Pts ye SSC

- PPF kuUpia aitia 6avarou

-+ Kupiwg NSIP

Perelas A, Silver RM, Arrossi AV, et al. Systemic sclerosis-associated

interstitial lung disease. Lancet Respir Med. 2020 Mar;8(3):304-320.

Castelino FV, Dellaripa PF. Recent progress in systemic
sclerosis-interstitial lung disease. Curr Opin Rheumatol. 2018

Nov;30(6):570-575.



SSc-ILD screening

HRCT (apa tn diayvwoel!!! kal etnaiwg!!!)

- PFTs (apxIka...iowg false negative)

PFTs (kGBe 3-6 unvecg)

Hoffmann-Vold AM, Allanore Y, Alves M, et al. Progressive inter-
stitial lung disease in patients with systemic sclerosis-associated

interstitial lung disease in the EUSTAR database. Ann Rheum Dis.
2021 Feb;80(2):219-227.

Suliman YA, Dobrota R, Huscher D, et al. Brief report: pulmonary
function tests: high rate of false-negative results in the early detec-

tion and screening of scleroderma-related interstitial lung disease.
Arthritis Rheumatol. 2015 Dec;67(12):3256-3261.
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10-29% Pts pe RA

2" aiTia BavaTou

Kupiwg UIP

Kadura S, Raghu G. Rheumatoid arthritis-interstitial lung disease:
manifestations and current concepts in pathogenesis and

management. Eur Respir Rev. 2021 Jun;30;30(160):210011.
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RA-ILD screening
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Table 3. SER-SEPAR proposed screening criteria for diffuse interstitial lung
disease in patients diagnosed with rheumatoid arthritis [44].

The following 3 clinical situations are to be screened for ILD:

(1) Patients with respiratory symptoms (cough and/or dyspnea) of more than
3 months of evolution.

(2) Patients in whom velcro-type crackles are detected in respiratory ausculta-
tion, even if they are asymptomatic.

(3) In patients without respiratory symptoms and with normal respiratory
auscultation, screening will be done according to the score obtained based
on the number of risk factors present for the development of this compli-
cation.




Any patient scoring = 5 points will be considered eligible for screening:
Set of variables and proposed score for each of the variables for the Score
overall score
Age > 60 years 2

Male sex 1

History of smoking (active smoker or former smoker)

e < 20 packs/year: 2 points

e > 20 packs/year: 3 points
vessel

Duration of disease > 5 years
Persistently moderately-high activity: Average DAS28-VSG > 3.2
since disease diagnosis in baseline RA (time since diagnosis <

12 months) or DAS28-VSG > 3.2 for a minimum of 6 months in
established RA

Serology (only the criterion with the highest weighting is counted
toward the total score)

* RF positive > 3 times above ULN
e ACPA positive < 3 times the ULN 2
e ACPA positive > 3 times the ULN 3

o Family history of ILD 1

ACPA: anti-cyclic citrullinated peptide antibodies; ILD: interstitial lung disease;
RA: rheumatoid arthritis; RF: rheumatoid factor; SEPAR: Spanish Society of
Pneumology and Thoracic Surgery; SER: Spanish Society of Rheumatology;
ULN: upper limit of normal.
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2023 American College of Rheumatology (ACR) Guideline for the Screening and
Monitoring of Interstitial Lung Disease in People with Systemic Autoimmune
Rheumatic Disease

Guideline Summary

This guideline was developed to provide recommendations for the screening of Interstitial Lung Disease
(ILD) in people with Systemic Autoimmune Rheumatic Diseases (SARDs) [Rheumatoid Arthritis (RA),
Systemic Sclerosis (SSc), Idiopathic Inflammatory Myositis (IIM including polymyositis, dermatomyositis,
antisynthetase syndrome, immune-mediated necrotizing myopathy), Mixed Connective Tissue Disease
(MCTD), and Sjogren's Disease (SjD)] associated with the greatest risk of ILD, and for monitoring for ILD
progression. These recommendations facilitate rheumatologists’ identification of ILD among people

with SARDs and will assist in optimizing the co-management of people with SARDs-associated ILD by
rheumatologists and pulmonologists.

This summary was approved by the ACR Board of Directors on 12 August 2023. These recommendations are included

in a full manuscript, pending peer review, which was submitted for publication in Arthritis & Rheumatology and
Arthritis Care and Research.




Table 1. Summary of recom mendati(@creening of SARD-ID

Summary of recommendations

For people with SARDs at increased risk of developing ILD, we conditionally recommend screening with
PFTs.

For people with SARDs at increased risk of developing ILD, we conditionally recommend screening with
HRCT of the chest.

For people with SARDs at increased risk of developing ILD, we conditionally recommend screening with
HRCT chest and PFTs over PFTs alone.

For people with SARDs at increased risk of developing ILD, we conditionally recommend @gainst screening
For people with SARDs at increased risk of developing ILD, we conditionally recommend @gainst screening
For people with SARDs at increased risk of developing ILD, we conditionally recommend lagainst screening

For people with SARDs at increased risk of developing ILD, we conditionally recommend @gainst screening

For people with SARDs at increased risk of developing ILD, we strongly recommend against sereening with




Table 2. Summary of Recommendations for Monitoring for ILD Progression

Summary of recommendations
For people with SARDs-ILD, we conditionally recommend monitoring with PFTs.
For people with SARDs-ILD, we conditionally recommend monitoring with HRCT chest.

For people with SARDs-ILD, we conditionally recommend monitoring with PFTs and HRCT chest over PFTs
alone.

For people with SARDs-ILD, we conditionally recommend monitoring with ambulatory desaturation testing.

For people with SARDs-ILD, we conditionally recommend @gainst monitoring with chest radiography.

For people with SARDs-ILD, we conditionally recommend @gainst monitoring with 6MWD
For people with SARDs-ILD, we conditionally recommend @gainst monitoring with bronchoscopy.

For people with IIM-ILD and SSc-ILD, we suggest PFTs for monitoring every 3-6 months rather than either
shorter or longer intervals, for the first year, then less frequently once stable.

For people with RA-ILD, SjD-ILD, and MCTD-ILD, we suggest PFTs for monitoring every 3-12 months rather
than shorter or longer intervals, for the first year, then less frequently once stable.

For people with SARDs-ILD, we do not provide guidance about frequency of routine HRCT chest for monitoring
ILD but suggest HRCT when clinically indicated.

For people with SARDs-ILD, we suggest assessment for ambulatory desaturation every 3-12 months rather
than at shorter or longer intervals.




People with SARD of Interest

Test in the presence of
signs or symptoms of Risk for
ILD ILD?"

Screening
tests

Test if signs or
symptoms of ILD ILD
develop and consider
yearly re-screening in
high-risk patients

Diagnosed?

Monitoring
tests

[E Conditional recommend

Figure 1: Recommendations for ILD Screening and Monitoring

* See Table 1 for risk factors for interstitial lung disease

* Ambulatory desaturation can be done during a routine office visit or as part of 6-minute walk testing
SARD = systemic autoimmune rheumatic disease; ILD = interstitial lung disease; CT = computed
tomography; IIM = idiopathicinflammatory myopathy; SSc = systemic sclerosis; RA = rheumatoid
arthritis; SjS = Sjogren's disease, MCTD = mixed connective tissue disease

Note. Frequency of monitoring in italics are suggestions to assist application of the recommendations.
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Screening tests recommended against

Chest radiography

6-minute walk test distance

Monitoring tests recommended against

Chest radiography

6-minute walk test distance

(

May be used if unable to perform
PFTs or used pre-transplant

Ambulatory desaturation
testing

-
May be used if inadequate PFT

performance

|

Bronchoscopy

May be used to rule out infection
or alveolar hemorrhage

Bronchoscopy

) J

( May be used to rule out infection,
sarcoidosis, lymphoma, or
alveolar hemorrhage

Surgical lung biopsy G

May be used to rule out

malignancy

[] Conditional recommendation against

B Strong recommendation against

Figure 2: Interstitial lung disease screening and monitoring tests recommended against. Tests shown are recommended against
for routine use, although examples are provided when these tests may have utility for assessing patients or ruling out other conditions.

PFT = pulmonary function test
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Hyldgaard C, Hilberg O, Pedersen AB, et al. A population-based
cohort study of rheumatoid arthritis-associated interstitial lung

disease: comorbidity and mortality. Ann Rheum Dis. 2017 Oct;76
(10):1700-1706.




Table 5. Panel of antibodies to be requested in the evaluation of an ILD to
assess its possible association with a CTD.

In the initial evaluation of all patients

» Antinuclear antibodies (detection by indirect immunofluorescence)

» Rheumatoid factor and anti-cyclic citrullinated peptide antibodies (ACPA)

If rheumatoid arthritis is suspected
» Anti-citrullinated peptide antibody (ACPA)

e Rheumatoid factor

If systemic sclerosis is suspected
* Anti-Scl70/topoisomerase |

¢ Anti-centromere

¢ Anti-RNA polymerase |ll
e Anti-UTRNP

e Anti-NOR 90

If inflammatory myopathy is suspected
¢ Anti-synthetase (Jo-1, PL-7, PL-12, EJ, OJ and
KS)

Anti-MDA5
Anti-Mi-2
Anti-NXP2
Anti-TIF1-y

e Anti-SRP

If primary Sjogren’s syndrome is suspected
e Anti-SSA/Ro60

e Anti-TRIM21/Ro52

If ANCA vasculitis is suspected*
« Anti-neutrophil cytoplasm antibody (ANCA)

Anti-U3RNP (anti-
fibrillarin)

Anti-Th/To
Anti-PM/Scl
Anti-Ku

Anti-HMG-CoA reductase

Anti-SAE
Anti-UTRNP
Anti-PM/Scl75
Anti-PM/Scl100
Anti-Ku

Anti-SSB/La

Rheumatoid factor




approximately 10-25% of cases that are initially idiopathic

evolve into a CTD by clinical onset

or autoimmunity positivity (although there is no consensus

on what should be the frequency of serial testing for CTD)

Hu Y, Wang LS, Wei YR, et al. Clinical characteristics of connective
tissue disease-associated interstitial lung disease in 1,044 Chinese Kagiyama N, Takayanagi N, Kanauchi T, et al. Antineutrophil cyto-

patients. Chest. 2016 Jan;149(1):201-208. plasmic antibody-positive conversion and microscopic polyangiitis
development in patients with idiopathic pulmonary fibrosis. BMJ
Open Respir Res. 2015;2(1):e000058.
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FIGURE 1 Types of interstitial lung disease (ILD) most likely to have a progressive-fibrosing phenotype [indicated in bold). IIPs: idiopathic
interstitial pneumonias. *: stage IV sarcoidosis only; T. not an established clinical diagnosis; *: e.g. asbestosis, silicosis.
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Table 4. Definition of Progressive Pulmonary Fibrosis

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 alternative 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 DLco (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

Definition of abbreviations: |LD = interstitial lung disease; IPF =idiopathic pulmonary fibrosis;

PPF = progressive pulmonary fibrosis.

*Although it is critical to exclude alternative explanations of worsening features for all patients

with suspected progression, this is particularly important in patients with worsening respiratory

symptoms and/or decline in DLco given the lower specificity of these features for PPF

compared with FVC and chest computed tomography. traction br




CTD) [49-51].

3. Progressive pulmonary fibrosis associated with
CTD

Different definitions of progressive pulmonary fibrosis have
been used, based on expert consensus, definitions used in
clinical trials, and recently the definition published in the
recent international guide, based on functional, clinical, and
radiological parameters [52]. The INBUILD randomized clinical
trial [53] used the following criteria to define progression in
patients with fibrosing ILD: 1) a decrease in baseline FVC
>10%; 2) a decrease in FVC between 5-10% with evidence of
fibrosing progression on HRCT of the chest; 3) a decrease in
FVC between 5-10% with worsening respiratory symptoms
(dyspnea and dry cough); or 4) worsening dyspnea with pro-
gression of fibrosis on HRCT in the previous 24 months despite
treatment. As a definition of progression, some experts also

high doses, is an independent ris
scleroderma renal crisis [64]. The
fibrotic patterns (UIP and fibrosi
contrary, there is accumulating
effect of steroids as treatment of
Cytotoxic immunosuppressi
used to treat CTD and CTD-IL
mycophenolate, azathioprine, ca
in ILD associated with inflamma
mide (in RA). Despite their use
only been demonstrated in RCT
mide and mycophenolate for th
with none of them having a the
Methotrexate has classically
with RA-ILD because of the risk
However, the literature confirm
induced pneumonitis is very lo
confirmation that methotrexate
ing ILD in patients with RA, but

Flaherty KR, Wells AU, Cottin V, et al. Nintedanib in progressive
fibrosing interstitial lung diseases. N Engl J Med. 2019 Oct 31,381
(18):1718-1727.
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PPF in SSc-ILD

-+ 67% of patients = In 5years = pulmonary progression

- Of these 32-37% > have PPF

Hoffmann-Vold AM, Allanore Y, Alves M, et al. Progressive inter-
stitial lung disease in patients with systemic sclerosis-associated
interstitial lung disease in the EUSTAR database. Ann Rheum Dis.
2021 Feb;80(2):219-227.

Vonk MC, Walker UA, Volkmann ER, et al. Natural variability in the
disease course of SSc-ILD: implications for treatment. Eur Respir
Rev. 2021 Mar 31;30(159):200340.




Table 4. Main risk factors for ILD development in SSc and RA, and prognostic factors for mortality and progression of ILD.

Systemic sclerosis —
Risk factors for ILD dEVElOmeHt REVIEW Expert Review of Respiratory Medicine
Male gender

African-American or Asian ethnicity -
D iffu Se S ki n i nVOIVe ment ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ierx20

Cardiac involvement
Anti-Scl 70 or topoisomerase | and anti-Th/To positivity

Management of progressive pulmonary fibrosis

associated with connective tissue disease

Variables associated with an increased risk of ILD progression Maria Molina-Molina, Ivén Castellvi, Claudia Valenzuela, josé Ramirez, José

Demog ra phlc ° Male sex Antonio Rodriguez Portal, Tomas Franquet & Javier Narviez
Older age @  ©2022 The Author(s). Published by Informa
: _ : Fper UK Limited, trading as Taylor & Francis

African-American ethnicity Group.
Smoking -

Clinical Diffuse skin involvement with elevated Rodnan index scores at diagnosis of ILD
Poorly controlled gastroesophageal reflux disease
Presence of arthritis
Time of disease evolution (first 3 years)

Published online: 05 Aug 2022.

Laboratory Elevated C-reactive protein
Anti-Scl 70 antibody positivity
Anti-RNA polymerase Ill antibody positivity
Elevated KL-6 levels

Pulmonary function tests Low basal FVC (< 70%)
e Low basal DLCO not due to other causes (mainly pulmonary arterial hypertension)
Deterioration of FVC > 10% during follow-up or fall in its values between 5% and 9% with a deterioration of DLCO > 15%

Extent of fibrotic changes > 20%




PPF in RA-ILD

- 53% of patients = Iin 5years > pulmonary progression

- Of these 40% -> have PPF

Olson A, Hartmann N, Patnaik P, et al. Estimation of the prevalence
of progressive fibrosing interstitial lung diseases: systematic litera-

ture review and data from a physician survey. Adv Ther. 2021
Feb;38(2):854-867.

Spagnolo P, Distler O, Ryerson CJ, et al. Mechanisms of progressive
fibrosis in connective tissue disease (CTD)-associated interstitial
lung diseases (ILDs). Ann Rheum Dis. 2021 Feb;80(2):143-150.




Rheumatoid arthritis —
Risk factors for ILD development REVIEW Expert Review of Respiratory Medicine
e Male sex —

Advanced age
Late OnSEt Of the disease ISSN: (Print) (Online) Journal homepage: https:/,

Duration of RA
Smoking
Moderate or high sustained RA activity according to DAS28 scores

RF positive Maria Molina-Molina, Ivan Castellvi, Claudia Valenzuela, José Ramirez, José
.. Antonio Rodriguez Portal, Tomas Franquet & Javier Narviez
ACPA positive

Antibodies directed against carbamylated proteins (anti-CarP) @ © 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis

MUC5B gene mutations Group.
Mutations of telomerase genes leading to accelerated telomere shortening B9 published oniine: 05 Aug 2022

Management of progressive pulmonary fibrosis
associated with connective tissue disease

Prognostic factors
Variables associated with ILD Radiologic pattern of UIP
progression o Elevated ACPA titers
e Degree of baseline DLCO deterioration (having been demonstrated with two cutoff points: DLCO < 45% and, in those
patients with a progressive fibrosing phenotype, DLCO < 54%), decrease = 10% in FVC during follow-up
e Extensive pulmonary involvement on HRCT of the chest
Elevated serum levels of IL-6 and KL-6

Advanced age at the time of diagnosis of ILD (> 60-65 years)

Male sex

Duration of RA (the longer the duration of disease at the time of ILD diagnosis, the higher the mortality)
Moderate or high disease activity as assessed by the DAS28-VSG index

UIP pattern*

FVC and/or low baseline DLCO

Decrease in FVC >10% or DLCO >15% during follow-up

Extensive lung involvement on HRCT of the chest (>20-30%)

Elevated serum levels of KL-6

Prognostic factors for mortality




Extent of fibrotic
changes on chest HRCT

[ 10000 |
| 10-20% |

FVC 2 70% FVC < 70%

\ 4 \ 4

Limited Diffuse
\ > .

disease disease

Goh NS, Desai SR, Veeraraghavan S, et al. Interstitial lung disease in
systemic sclerosis: a simple staging system. Am J Respir Crit Care
Med. 2008 Jun 1;177(11):1248-1254.




Sat O, in the
6’ walk test

<94% - 1 point
> 94% - 0 points

-

Arthritis

SPAR model

Yes/sometimes = 1 point

No = 0 points

Score 0-2

Predictions
Score SPAR 0: 6% cases with ILD progression
SPAR 1: 36% cases with ILD progression
SPAR 2: 86% cases with ILD progression

Wu W, Jordan S, Becker MO, et al. Prediction of progression of
interstitial lung disease in patients with systemic sclerosis: the SPAR
model. Ann Rheum Dis. 2018 Sep;77(9):1326-1332.
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ILD-CTD
OEPAIMEIA

- Ecartouikeupevn & OAOKANPWHEVN

- (YTtrokeipyevn vooocg - CTD)

-+ (ZuvvoonpoTnTEq)

-+ (ECwTTVEUPOVIKEG EKONAWOEIQ)

- (Safety-effectiveness)



GCs

MEpoc TNC apXIKNG aywyngs (low-dose)

Oxi1 RCTs yia CTD-ILD

Meoaieg kal peyaAeg 000€IC > SSc renal crisis
2€ UIP —NSIP ?

2.€ PPF 7?77 - detrimental !!!

Papiris SA, Kolilekas L, Kagouridis K, et al. ipf-acute exacerbations:
advances and future perspectives. Front Pharmacol. 2022;13:836553.

Papiris SA, Kagouridis K, Papadaki G, et al. Treating CTDs related

fibrotic ILDs by immunosuppressants: “facts and faults”. Lung. 2014
Apr;192(2):221-223.




ANO2ZOKATAXZTAATIKA otnv CTD-ILD

- Kukhopwaopapidon (CP) & MMF
- RCTs... Nai !l

- Kaveva BepatreuTikn £voeign !

Tashkin DP, Roth MD, Clements PJ, et al. Mycophenolate mofetil
versus oral cyclophosphamide in scleroderma-related interstitial
lung disease (SLS II): a randomised controlled, double-blind, paral-
lel group trial. Lancet Respir Med. 2016 Sep;4(9):708-719.

Tashkin DP, Elashoff R, Clements PJ, et al. Cyclophosphamide ver-

sus placebo in scleroderma lung disease. N Engl J Med. 2006 Jun
22;354(25):2655-2666.




MeOBoTpecarn (MTX)

- RA-ILD...acute pneumonitis?

- However, the literature confirms that the actual risk of drug-
induced pneumonitis is very low (0.3%)

Solomon DH, Glynn RJ, Karlson EW, et al. Adverse effects of

low-dose methotrexate: a randomized trial. Ann Intern Med. 2020
Mar 17;172(6):369-380.

Ridker PM, Everett BM, Pradhan A, et al. Low-dose methotrexate for
the prevention of atherosclerotic events. N Engl J Med. 2019 Feb

21,380(8):752-762.

Sparks JA, Dellaripa PF, Glynn RJ, et al. Pulmonary adverse events in
patients receiving low-dose methotrexate in the randomized,
double-blind, placebo-controlled cardiovascular inflammation
reduction trial. Arthritis Rheumatol. 2020 Dec;72(12):2065-2071.




MTX

There is no confirmation that methotrexate increases the risk of

developing ILD in patients with RA, but recent studies suggest that ...

...RA control achieved with this drug is associated with a delay in the

onset of ILD and a better prognosis

Ibfelt EH, Jacobsen RK, Kopp TI, et al. Methotrexate and risk of
interstitial lung disease and respiratory failure in rheumatoid arthri-
tis: a nationwide population-based study. Rheumatology (Oxford).
2021 Jan 5;60(1):346-352.

Juge PA, Lee JS, Lau J, et al. Methotrexate and rheumatoid arthritis
associated interstitial lung disease. Eur Respir J. 2021 Feb;57
(2):2000337.

Kiely P, Busby AD, Nikiphorou E, et al. Is incident rheumatoid
arthritis interstitial lung disease associated with methotrexate
treatment? Results from a multivariate analysis in the ERAS and
ERAN inception cohorts. BMJ Open. 2019 May 5;9(5):e028466.
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- Rescue therapy ue BioAoyika
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BIOAOI'IKA o¢ CTD-ILD
Movo 10 TCZ €xel peAeTec yia SSc-ILD
FDA approved vyia SSc-ILD

Roofeh D, Lin CJF, Goldin J, et al. Tocilizumab prevents progression
of early systemic sclerosis-associated interstitial lung disease.
Arthritis Rheumatol. 2021 July;73(7):1301-1310.

Khanna D, Lin CJF, Furst DE, et al. Tocilizumab in systemic sclerosis:
a randomised, double-blind, placebo-controlled, phase 3 trial.
Lancet Respir Med. 2020 Oct;8(10):963-974.




- RTX&ABT
- Real-life yeAetec Tapatrpnong
- On going RCTs (og SSc-ILD — RA-ILD)

Saunders P, Tsipouri V, Keir GJ, et al. Rituximab versus cyclopho-
sphamide for the treatment of connective tissue disease-associated
interstitial lung disease (RECITAL): study protocol for a randomised
controlled trial. Trials. 2017 Jun 15;18(1):275.

Evaluation of efficacy and safety of rituximab with mycophenolate
mofetil in patients with interstitial lung disease (EVER-ILD) [cited
2022 24 enero]. Available from: https://clinicaltrials.gov/ct2/show/
NCT02990286

Vicente-Rabaneda EF, Atienza-Mateo B, Blanco R, et al. Efficacy and
safety of abatacept in interstitial lung disease of rheumatoid arthri-
tis: a systematic literature review. Autoimmun Rev. 2021 Jun;20
(6):102830.




ANTIINQTIKA

2 papuoka otnv ayopd yia ILD
NINTEDANIB
PIRFENIDONE



Movo 1o NINTEDANIB FDA & EMA APPROVED

1. for the treatment of fibrosing SSc-ILD, (based on data from the phase Ill RCT
SENSCIS)

2. for other progressive fibrosing ILD, including CTD- ILD, (based on results from the
phase Ill RCT INBUILD)

Distler O, Highland KB, Gahlemann M, et al. Nintedanib for systemic
sclerosis-associated interstitial lung disease. N Engl J Med. 2019 Jun
27,;380(26):2518-2528.

Flaherty KR, Wells AU, Cottin V, et al. Nintedanib in progressive
fibrosing interstitial lung diseases. N Engl J Med. 2019 Oct 31,381
(18):1718-1727.




Polypharmacology of nintedanib and the downstream signalling pathways.

Fibrosis Angiogenesis
(fibroblasts and myofibroblasts) (endothelial cells, pericytes and
vascular smooth muscle cells)

VEGF \‘A Q

Proliferation, migration,
survival and angiogenesis

Lutz Wollin et al. Eur Respir J 2015;45:1434-1445

©2015 by European Respiratory Society



Pulmonary fibrosis

N

Alveolus
Alveolar
macrophage

Interstitial
fibroblast

Interstitial space

FIGURE 4 Current understanding of the mode of action of nintedanib in fibrotic lung diseases. The scheme reflects ongoing processes in the pathology of
idiopathic pulmonary fibrosis (IPF). As a result of epithelial damage, alveolar epithelial cells undergo apoptosis and epithelial type II cells transform into
myofibroblasts (epithelial-mesenchymal transition (EMT)) to provide mesenchymal cells for the initial repair process. Residual lung fibroblasts in the
interstitium start to proliferate and migrate to the site of injury. Excessive fibroblast proliferation, migration and transformation to myofibroblasts (fibroblast to
myofibroblast transformation (FMT)), and synthesis and deposition of extracellular matrix (ECM) are hallmarks of the fibrotic pathology in IPF. Nintedanib
(yellow molecules) interferes with fibroblast/myofibroblast proliferation, FMT and migration. By limiting the number of fibroblasts/myofibroblasts, the synthesis
and deposition of ECM are reduced. Nintedanib was found to have no effect on EMT. The effects of nintedanib on fibrocytes and other structural cells of the

lung need further exploration. The inhibitory activities of nintedanib are shown in yellow. ] ]
Lutz Wollin et al. Eur Respir J 2015;45:1434-1445
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Nintedanib for Systemic Sclerosis—
Associated Interstitial Lung Disease

Oliver Distler, M.D., Kristin B. Highland, M.D., Martina Gahlemann, M.D.,

Arata Azuma, M.D., Aryeh Fischer, M.D., Maureen D. Mayes, M.D.,
Ganesh Raghu, M.D., Wiebke Sauter, Ph.D., Mannaig Girard, M.Sc.,
Margarida Alves, M.D., Emmanuelle Clerisme-Beaty, M.D.,
Susanne Stowasser, M.D., Kay Tetzlaff, M.D., Masataka Kuwana, M.D.,
and Toby M. Maher, M.D., for the SENSCIS Trial Investigators*

ABSTRACT

BACKGROUND
Interstitial lung disease (ILD) is a common manifestation of systemic sclerosis and a

leading cause of systemic sclerosis—related death. Nintedanib, a tyrosine kinase inhibitor,
has been shown to have antifibrotic and antiinflammatory effects in preclinical models
of systemic sclerosis and ILD.

From the Department of Rheumatology,
University Hospital Zurich, Zurich (O.D.),
and Boehringer Ingelheim (Schweiz), Basel
(M. Gahlemann) — both in Switzerland; the
Respiratory Institute, Cleveland Clinic, Cleve-




NINTEDANIB FOR INTERSTITIAL LUNG DISEASE

Difference, 41.0 ml/yr (95% Cl, 2.9 to 79.0)

Mean, -50.7 ml/yr Mean, -95.1 ml/yr

0_-
A A Patients with

FVC value
at wk 52

o o Patients with
missing FVC
value at wk 52

Q3, 54.4 Rl 1
Median, -43.4 s—===e Median, -74.1
Ql,-176.1

Adjusted Annual Rate of Change in FVC (ml/yr)
Adjusted Annual Rate of Change in FVC (ml/yr)

Nintedanib Placebo Nintedanib Placebo
(N=287) (N=288) (N=287) (N=288)




Nintedanib

in FVC (ml)

Mean Absolute Change from Baseline

No. of Patients
Nintedanib 288 283 281 273
Placebo 238 283 281 280

Figure 2. Decline in Forced Vital Capacity.
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Nintedanib in Patients With Autoimmune Disease-Related
Progressive Fibrosing Interstitial Lung Diseases: Subgroup
Analysis of the INBUILD Trial

Eric L. Matteson," ' Clive Kelly,” J6rg H. W. Distler,? =) Anna-Maria Hoffmann-Vold,* James R. Seibold,”
Shikha Mittoo,® Paul F. Dellaripa,” Martin Aringer,® ' Janet Pope,” {2/ Oliver Distler,'°

Alexandra James,"" Rozsa Schlenker-Herceg,'? Susanne Stowasser,'® Manuel Quaresma, >

and Kevin R. Flaherty,'* on behalf of the INBUILD Trial Investigators

Objective. To analyze the efficacy and safety of nintedanib in patients with fibrosing autoimmune disease-related
interstitial lung diseases (ILDs) with a progressive phenotype.

Methods. The INBUILD trial enrolled patients with a fibrosing ILD other than idiopathic pulmonary fibrosis, with diffuse
fibrosing lung disease of >10% extent on high-resolution computed tomography, forced vital capacity percent predicted
(FVC%) >45%, and diffusing capacity of the lungs for carbon monoxide percent predicted >30% to <80%. Patients ful-
filled protocol-defined criteria for progression of ILD within the 24 months before screening, despite management deemed
appropriate in clinical practice. Subjects were randomized to receive nintedanib or placebo. We assessed the rate of
decline in FVC (ml/year) and adverse events (AEs) over 52 weeks in the subgroup with autoimmune disease-related ILDs.




appropriate in clinical practice. Subjects were randomized to receive nintedanib or placebo. We assessed the rate of
decline in FVC (ml/year) and adverse events (AEs) over 52 weeks in the subgroup with autoimmune disease-related ILDs.

Results. Among 170 patients with autoimmune disease-related ILDs, the rate of decline in FVC over 52 weeks was
—75.9 ml/year with nintedanib versus —178.6 ml/year with placebo (difference 102.7 ml/year [95% confidence interval
23.2, 182.2]; nominal P = 0.012). No heterogeneity was detected in the effect of nintedanib versus placebo across sub-
groups based on ILD diagnosis (P = 0.91). The most frequent AE was diarrhea, reported in 63.4% and 27.3% of sub-

jects in the nintedanib and placebo groups, respectively. AEs led to permanent discontinuation of trial drug in 17.1%
and 10.2% of subjects in the nintedanib and placebo groups, respectively.

Conclusion. In the INBUILD trial, nintedanib slowed the rate of decline in FVC in patients with progressive fibrosing
autoimmune disease-related ILDs, with AEs that were manageable for most patients.

INTRODUCTION

Interstitial lung disease (ILD) is a common manifestation of
systemic autoimmune diseases including rheumatoid arthritis
(RA) (1), systemic sclerosis (SSc) (2), and mixed connective tissue
disease (MCTD) (3). Some patients with autoimmune disease—
related ILD develop a progressive fibrosing phenotype character-
ized by increasing lung fibrosis on high-resolution computed

A video abstract of this article can be found at https://players.brightcove.
net/3806881048001/default_default/index.html?videold=6295457676001
The INBUILD Trial was funded by Boehringer Ingelheim International

tomography (HRCT), decline in lung function, worsening symp-
toms and quality of life, and early mortality, despite immunomod-
ulatory therapy (2-9). Decline in forced vital capacity percent
predicted (FVC%) is a predictor of mortality in patients with auto-
immune disease—associated ILDs (2,10,11).
Immunosuppressants and disease-modifying antirheumatic
drugs (DMARDs) are the standard of care for systemic autoimmune
diseases, but their efficacy in slowing the progression of ILD

of Zurich, Zurich, Switzerland; '"Alexandra James, MSc: elderbrook solutions
GmbH, Bietigheim-Bissingen, Germany; '2Rozsa Schlenker-Herceg, MD:
Boehringer Ingelheim Pharmaceuticals, Inc, Ridgefield, Connecticut;
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(A)HSC

In the last decade, three key trials have examined the use of autologous
hematopoietic stem cell transplantation (ASCT) for treatment of SSc-ILD: Autologous
Stem Cell Systemic Sclerosis Immune Suppression Trial (ASSIST), Autologous Stem
Cell Transplantation International Scleroderma (ASTIS), and Scleroderma
Cyclophosphamide or Transplantation (SCOT) studies

In the ASTIS trial, despite early treatment- related mortality (10.1%) and an increase

In serious adverse events, the transplant arm demonstrated a long-term survival
benefit at year 1, year 2, and vear 4.
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In the SCOT trial, survival at 54 months posttreatment showed 91% of transplant
patients were alive, compared with 77% of the comparator arm of monthly CYC.

More patients receiving ASCT improved in FVC than those in the CYC group at 54
months: 36% of the ASCT patients improved (relative increase of FVC by 10%)
compared with 23% of the CYC patients.

The per- centage of patients who had an adverse event of grade 3 or more was
higher in the ASCT group than in the CYC group suggesting that careful patient
selection and monitoring is needed for ASCT.




LUNG TRANSPLANTATION

When PPF does not show stabilization, despite the
measures taken, lung transplantation should always be
considered in candi- date patients and the case should be
referred to Lung Transplant Units before reaching an
advanced stage of respiratory involvement.
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5. Conclusion

CTD-ILD especially those with progressive pulmonary fibrosis
have a high morbidity and mortality rate. In order to reverse
this situation and improve the prognosis and QoL of patients,
a multidisciplinary diagnostic and therapeutic approach is
necessary as the best model of care to guarantee early diag-
nosis and comprehensive and individualized treatment.
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