Future Perspectives of Idiopathic
Lung Disease(ILD) Treatment
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Interstitial lung diseases

Interstitial
fibroblast

Alveolar
type Il cell

Endothelial
cell

Alveolar
type | cell

Macrophage

Capillary
lumen

= Diffuse infiltrative lung diseases

» Heterogeneous group of disorders that predominantly

affect the lung parenchyme

= Vary widely in etiology, clinicoradiologic presentation,

histopathologic features, and clinical course

Bronchioles
(small airways)

» Alveoli (air sacs)

Alveoli with blood vessels Scarring in alveoli prevents
surrounding each air sac oxygen from passing into
blood vessel.

Scarring
(fibrosis)

Interstitium Interstitivm
S - Scarring (fibrosis)
| Inside of
blood co
vessel E

Mayo Clin Proc. 2007;82(8):976-986
Am J Respir Crit Care Med Vol. 203, P5-P6, 2021
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Known cause or association
» Connective tissue diseases
* Occupational causes

* Drug side-effects

Unclassifiable

25%

T
Cryptogenic
organizing pneumonia
5%

Acute interstitial
pneumonia

<2%

NPJ Prim Care Respir Med. 2014 Sep 11;24:14054.



Idiopathic pulmonary fibrosis (IPF)

* A specific form of chronic, progressive, fibrosing interstitial pneumonia of

unknown cause

« Occurs in older adults, limited to the lungs, and associated with the

histopathologic and/or radiologic pattern of usual interstitial pneumonia (UIP)

Am j Respir Crit Care Med 2011;183:788



Estimated Relative Distribution of Specific
Interstitial Lung Diseases
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N Engl J Med 2018;378:1811-23.



Organ

Main manifestations
to be evaluated

Peripheral circulation
Skin

Joints

Muscle
Mouth and eyes

Raynaud’s phenomenon

Sclerodactyly

Digital ulcerations or scars

Telangiectasia

Violaceous erythematous rash
over the interphalangeal joints,
knuckles, elbows and knees
(Gottron’s sign)

Lilaceous rash of the eyelids

Rash of the neck and upper chest
and shoulders (heliotrope rash,
e.g. photosensitivity)

Mechanics’ hands

Joint pain or swelling (arthritis,
arthralgia)

Morning stiffness lasting for more
than 60 min

Muscle pain, muscle weakness

Dry mouth, dry eyes (sicca
syndrome)




Suggested categories of ILD patients that require

further rheumatoid evaluation

1. Women, particularly those younger than 50.

2. Any patient with extrathoracic manifestations is highly
suggestive of CTD, that is, Raynaud phenomenon,
esophageal hypomotility, inflammatory arthritis of the
metacarpal-phalangeal joints or wrists, digital edema,

or symptomatic keratoconjuctivitis sicca.

3. All cases of NSIP, LIP, or any ILD pattern with secondary
histopathology features that might suggest CTD, that is,
extensive pleuritis, dense perivascular collagen, lymphoid
aggregates with germinal center formation, prominent
plasmacytic infiltration.

4. Patients with a positive ANA or RF in high titer
(generally considered to be ANA > 1:320 or RF

> 60 IU/mL), a nucleolar-staining ANA at any titer,

or any positive autoantibody specific as to a particular
CTD, that is, anti-CCP, anti-Scl-70, anti-Ro, anti-La,
anti-dsDNA, anti-Smith, anti-RNP, anti-tRNA synthetase.

50AM| O|LH2e| f/d

Raynoud phenomenon
Esophageal hypomotility
Hand and wrist arthritis
Symptomatic
keratoconjunctivitis sicca

NSIP, LIP pattern

High titer of ANA or RF

Diffuse Lung Disease: A Practical Approach. 2nd
ed. New York: Springer; 2012



Diagnostic algorithm for IPF

American thoracic society/European respiratory society

[ Patient suspected of having IPF )
( Potential cause)associated condition ) IPF diagnosis on the basis of HRCT and biopsy
No ves patterns
1 .
Confirmation of ific

(_crestmmcr paten ) i o — -

| IPF suspectad S
| Yes
UIP or Indetarminate for UIP or
[ probable LIP* [ alternate diagnosis ]

HRCT pattern

BALt = TBLC? ]‘ """" slet

1
IPF [_ Alternative diagnosis J

Am J Respir Crit Care Med Vol 205, Iss 9, pp e18-e47, May 1, 2022



Percent Survival

Prognosis of interstitial lung disease
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TABLE 4 Possible preventive and therapeutic measures in acute exacerbations of idiopathic

pulmonary fibrosis (AE-IPF)

Therapeutics
Ventilation
e [ow tidal volume ventilation
e Noninvasive ventilation
e High-flow nasal cannula oxygen therapy
Pharmacology
e (Corticosteroid
e Empiric antibiotics
e Immunosuppressant”
e Thrombomodulin
Lung transplantation
Others
e Extracorporeal membrane oxygenation
e Polymixin B haemoperfusion

Non-steroid approach

Rituximab, plasma exchange, intravenous immunoglobulin

Recommendation




s Question: Should patients with acute exacerbation of IPF be
treated with corticosteroids?

Although high-dose corticosteroids are commonly prescribed
for the treatment of acute exacerbation of IPF (143, 144,
147-149, 152, 153, 155, 157, 300), there are mo controlled
trials on which to judge efficacy. Cyclosporin A and
anticoagulation have also been used without conclusive
results (152, 241, 301).

2011 ATS/ERS/JRS/ALAT statement



Recommendation: [The majority of patients with acute
exacerbation of IPF should be treated with corticoste-
roids, but corticosteroids may not be reasonable in a
minority (weak recommendation, very low-quality evi-
dence).Values: This recommendation places a high value
on anecdotal reports of benefit and the high mortality of
acute exacerbation of IPF.

Remarks: Specific recommendations regarding the dose, route,
and duration of corticosteroid therapy cannot be made.
Intravenous corticosteroids up to a gram per day have been
reported in a few case series. There was consensus that
supportive care 1s the mainstay of therapy for acute
exacerbation of IPF. (Vote: 14 for use, 5 against use, 1
abstention, 11 absent.)

2011 ATS/ERS/JRS/ALAT statement



The initiation of corticosteroid pulse therapy may
be an independent prognostic factor in AE-IPF

Survival probability

1.0

0.8 N=59
T Methylprednisolone 500~1000 mg/day for 3days
1
t
0-6-E Survival (n=27) vs. non-survival (n=32)
¥
1t
0.4}
]
14
\ | | |
0.24 % Early treatment <5 days (n=29)
| 1
T | Late treatment >5 days (n=30)
0.0 — T T T T T T T
0O 200 400 600 800 1000

14'00 18100 Log-rank test; P<0.0001

Time (days)

Intern Med. 2018 Mar 1;57(5):655-661



Japanese guidelines

* 5.10. Clinical Question 10: Should patients with acute exacerbation of IPF be treated with

corticosteroids including pulse therapy?

» We suggest that patients with acute exacerbation of IPF should be treated with corticosteroids

including pulse therapy. (strength of recommendation 2, quality of evidence D)

« Corticosteroid pulse therapy at 1 g/day for 3 days (repeated 1-4 times at weekly intervals while
observing reaction) and subsequent corticosteroid treatment maintained at 0.5-1 mg/kg, with

dose reduction every 2—4 weeks by 5 mg at a time depending on patient condition.

Respir Investig. 2018 Jul;56(4):268-291



Korean guidelines
7. 248t

o

20164 7189 S48 ARV IEE AR US4 S-S SR 34, 559 2% 93= 1) 524994
50| o] 7‘]‘:}5] AAY @A AE 5, 2) AFF o2 2 ¢ U TF1E0| A2 TAYSHAY o
3}=11, 3) 85 CT A 843 7HEA #lE P Husual interstitial pneumonia, UIP pattern)— Ho|#HA] 7k3-5]
=gy 7354‘7]' oﬁ]Oﬂ AEA TEE, 4) o] 23k oldazo] ARAo|Y ATt E F535] AYEA| =
3% A=At o|Ad R HA 2 379437 QA=Y A7) 232 shiRte TESHA] B9l A 348
5}9)S(suspected acute exacerbation) 22 A JRitt, F2 Z181H FAJoAIAN EEA] A TAYoH= AHE
dYPFo R LA R F BEY A5 872 AHE0|E A&7} A= o] 3P} /IS R EE 9
=



Treatment during AEIPF and in-hospital

outcomes

Treatment regimen Cases Survival p-value
Steroid pulse® 13 (14.4) 7 (53.8) 0.933
Steroid pulse” plus cytotoxic agent' 8(89) 4 (50.0)
High-dose steroid” 46 (51.1) 19 (41.3)
High-dose steroid plus cytotoxic agent” 14 (15.6) 11 (78.6)
Low-dose steroid® 6 (6.7 3 (50.0)

Low-dose steroid® plus cytotoxic agent’ 1(1.1) 1 (100.0)

No treatment 222 0

Total 90 (100) 45 (50)

Steroid pulse
> 500 mg/day of Methylprednisolone for 3
days - > 0.5 mg/kg/day of prednisolone

High-dose steroid
> 0.5 mg/kg/day of prednisolone

Low-dose steroid
< 0.5 mg/kg/day of prednisolone

Cycotoxic agents
Azathioprine, Cyclosporine, Cyclophophamide

Song JW, Eur Respir J. 2011 Feb;37(2):356-63.




ORIGINAL ARTICLE

Efficacy of corticosteroid and intravenous cyclophosphamide in
acute exacerbation of idiopathic pulmonary fibrosis: A propensity
score-matched analysis

Hironao HOZUMI,! ©© Hirotsucu HASEGAWA,? KoicHi MIYASHITA,2 Hipeki YASUI,! Yuzo SUZUKI,’
Masato KONO,?® © Masato KARAYAMA," Kazuki FURUHASHI," Dai HASHIMOTO,?
Norivyuki ENOMOTO," ©© Tomoyukl FUJISAWA," 2 Naoki INUI,"* Yutaro NAKAMURA,'
KosHl YOKOMURA,? Hipenori NAKAMURA® AND Takarumi SUDA

1Second Division, Department of Internal Medicine, Hamamatsu University School of Medicine, Hamamatsu, Japan;
2Department of Respiratory Medicine, Seirei Mikatahara General Hospital, Hamamatsu, Japan; 3Department of Respiratory
Medicine, Seirei Homamatsu General Hospital, Hamamatsu, Japan; 4Department of Clinical Pharmacology and Therapeutics,
Hamamatsu University School of Medicine, Hamamatsu, Japan

Respirology (2019) 24, 792-798



Inclusion criteria: (n = 176)
First episode of AE
Diagnosis of IPF prior to AE development
Diagnosis of idiopathic AE-IPF

Exclusion criteria: (n = 74)

- Presence of a severe co-morbidity

- Presence of an active chronic infection

- Insufficient baseline data available

- Retfusal of treatment for AE other than supportive therapy

Entire study cohort (n = 102)

Excluded: (n = 24)

- Anti-inflammatory therapy for IPF prior to first AE

- Other IS than IVCY for first AE

- IVCY was administered after day 5

- Died within day 5 from first therapy initiation for AE

Comparison between CS and CS + IVCY therapies

1
| S

Unmatched CS group (n = 46) Unmatched CS+IVCY group (n = 32)
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Propensity score matching
e s - i Sam SRS Hagn Sag Hasi R ¥ =

=
me

Matched CS group (n = 26) Matched CS + IVCY group (n = 26)
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Post-AE survival

0 | I
0 50 100

AE onset

Number at risk

CSs 26 23 22
CS+IvCYy 26 22 20

I I I I I
150 200 250 300 350
Day

18 1T 17 15 14
19 18 17 16 16

CS + IVCY therapy did not significantly improve
post-AE survival in patients with AE-IPF

Respirology (2019) 24, 792-798
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ORIGINAL ARTICLE

Corticosteroid use is not associated with improved outcomes
in acute exacerbation of IPF

Erica FARRAND,! @ Eric VITTINGHOFF,? Brett LEY,! AtuL J. BUTTE® AND HaroLp R. COLLARD!

1Dep.avrtment of Medicine, University of California San Francisco, San Francisco, CA, USA; 2Depan‘ment of Biostatistics and
Epidemiology, University of California San Francisco, San Francisco, CA, USA; ®Bakar Computational Health Sciences Institute,
University of California San Francisco, San Francisco, CA, USA

« US, retrospective, 2010-2018
e AE-IPF: corticosteroid (37) vs. no corticosteroid (45)

« Corticosteroid use: pulse > mPRD 500 mg/day or PRD >0.5
mg/kg for 2 days or more



In-hospital
mortality

Table 2 Risk of in-hospital mortality in
corticosteraid-treated subjects versus subjects receiving
usual care, unadjusted, adjusted and treatment
propensity-adjusted models

HR 95% CI P-value

Unadjusted 2.67 0.74-9.64 0.13
Adjusted’ 1.52  0.37-6.18 0.56
Propensity score weighted®  1.31  0.26-6.55 0.74

"Model adjusted for mechanical ventilation and ICU admis-
sion as time-dependent covariates.

*Propensity score model adjusted for initial admission location,
oxygen use at baseline, do not resuscitate order at admission, body
mass index and antibiotic therapy. ICU admission and mechanical
ventilation are included as time-dependent covariates.

HR, hazard ratio; ICU, intensive care unit.

Mortality
100
HR* 6.17 (1.35-28.14); P=0.019
75
& Steroids |
[/}
Tt 50-
Q2
© :
- No steroids
25
0‘ 1 I 1 I
0 500 1000 1500
Days Since First Admission
No. at Risk

Steroids 45
No Steroids 72

20 11 5
45 i 9

*adjusted for corticosteroid use, MV, ICU, Charlson index, PFT)

Respirology(2020) 25, 629-635



scientific reports

W) Check for updates |

Corticosteroid responsiveness
Iin patients with acute exacerbation
of interstitial lung disease admitted
to the emergency department

Hye Jin Jang, Seung Hyun Yong, AhYoung Leem, Su Hwan Lee, SongYee Kim,
Sang Hoon Lee, EunYoung Kim, Kyung Soo Chung, JiYe Jung, Young Ae Kang,
Young Sam Kim, Joon Chang & Moo Suk Park™

» Severance Hospital, 2016-2018

* Retrospective

+ Total 182 patients = IPF (117), non-IPF (65)

 Corticosteroids are usually administered at doses ranging from 0.5 to 2 mg/kg, depending on the clinical situation.

« Steroid pulse therapy was not usually applied except for cases of vasculitis or dermatomyositis-associated rapid

progressive |LD.
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B Mo, Age, years 0.993 |0.968-1.019 0.603 | 0.989 | 0.957-1.009 0.200
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Prednisolone Prednisolone > 1 mg/kg 0.380 | 0.193-0.747 0.005 | 0.221 |0.102-0.480 | <0.001
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o Use of vasopressors within 3 days | 1.852 | 0.881-3.890 0.104 | 1.451 |0.630-3.340 0.382
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.| All patients 1 > 1mgkg | Need for mechanical ventilator 3.877 |2.068-7.267 | <0.001 |4.205 |2.059-8.589 | <0.001
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Initial ABGA>

pH 7.49
PCO2 37
PO2 60
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Autoimmune markers>
ANA titer 1.80 positive
ENA neq.

lg G 1518.4 (normal)

1V steroid (1/16~)

Mechanical ventilation (1/17~)



Rituximab 1000mg

Steroid pulse therapy Mycophenolate Mofetil
(1/18-1/20) (2/3-)
® O @
Prograf A
(1/19-) 1/29 5 M4

1/31 BP XSI& ICU T A
RHDE X1}

SLE lab>

Anti-B2 IgM, 1gG neg.

Anti cardiolipin IgM, 1gG neg.
Cryoglobulin neg.



TABLE 4 Possible preventive and therapeutic measures in acute exacerbations of idiopathic

pulmonary fibrosis (AE-IPF)

Therapeutics
Ventilation
e [ow tidal volume ventilation
e Noninvasive ventilation
e High-flow nasal cannula oxygen therapy
Pharmacology
e (orticosteroid
e Empiric antibiotics
e Immunosuppressant”
e Thrombomodulin
Lung transplantation
Others
e Extracorporeal membrane oxygenation
e Polymixin B haemoperfusion

e Rituximab, plasma exchange, intravenous immunoglobulin

» Non-steroid approach’

Recommendation




P201 RITUXIMAB AS RESCUE THERAPY IN INTERSTITIAL LUNG
DISEASE REFRACTORY TO CONVENTIONAL
IMMUNOSUPPRESSION

RR Abdullah, D Ming, GJ Keir, TM Maher, AU Wells, EA Renzoni; Interstitial Lung Disease
Unit, Royal Brompton Hospital, London, UK

10.1136/thoraxjnl-2013-204457.353

Background Rituximab, a B cell-depleting monoclonal antibody,
may offer an effective rescue therapy in a subgroup of patients
with severe interstitial lung disease (ILD), progressing despite
conventional immunosuppression.

Methods Retrospective assessment of 50 patients with severe,
progressive ILD treated with rituximab between 2010 and 2012.
This included 33 with connective tissue disease-associated LD
(CTD-ILD), 6 with fibrotic hypersensitivity pneumonitis, 3 with
likely 'drug-induced ILD, 2 with desquamative interstitial pneu-
monia (DIP) and the rest with miscellancous ILD patterns,
excluding idiopathic pulmonary fibrosis. At the time of rituxi-
mab treatment, mean FVC was 49.1% ( + 17.6) and DLco
25.5% ( + 9.9). Four patients were mechanically ventilated.
Prior to rituximab, all patients except one had received immuno-
suppressive treatment, including IV cyclophosphamide in 44
patients. Change in pulmonary function tests, as compared to
pre-rituximab levels, was assessed at six to twelve months post-
treatment and analysed by Wilcoxon signed rank test. Categori-
cal trends (improvement, stability, deterioration) before and after
treatment were defined using either =10% change in forced vital
capacity (EVC) or =15% change in diffusing capacity for carbon
monoxide (DLco) as threshold values.

Immunomodulatory Therapy :
When & How to Use It in the
ILD AE Patient?

Thorax 2013;68(Suppl 3):A1-A220 A167



Results In the six to twelve months following rituximab treat-
ment, a median improvement in FVC of 5.7% (p < 0.01) and
stability of DLco (p < 0.01) was observed. This was in contrast to
a median decline in FVC and DLco of 14.6% and 18.8% respec-
tively, in the six to twelve months prior to rituximab therapy (p <
0.01). Patients with [CTD-ILD weré most represented in this
cohort and were more likely to improve or stabilise following Rit-
uximab (28/33), than those with non CTD-related ILD (8/17)
(p = 0.008, Fisher exact test). However, of the four patients
requiring invasive ventilation, improvement to extubation was
observed in three patients with non CTD-ILD (one DIP, one acute
interstitial pneumonia, one unclassifiable ILD). Two patients devel-
oped serious infections (pneumonia) requiring hospitalisation fol-
lowing rituximab, and ten patients died, all from progression of
underlying ILD, a median of 5.1 months after treatment.
Conclusions Rituximab may offer a safe and effective therapeu-
tic intervention in a subgroup of patients with severe, progres-
sive ILD unresponsive to conventional immunosuppression.
Future prospective, controlled trials are warranted to validate
these findings.

Thorax 2013;68(Suppl 3):A1-A220 A167



Biological treatments

v TNF-a inhibitors
v' B-cell-targeted therapies
v T cell costimulatory molecule blockers

v Immune checkpoint inhibitors

 Beneficial outcomes in a proportion of patients with refractory CTD-ILD

 Rituximab (RTX) and TNF-a inhibitors are the most widely used
biological treatments for patients with CTD-ILD



RITUXIMAB

« The chimeric immunoglobulin G1
(IgG1) monoclonal antibody to
CD20-positive B cells

* Targets CD20-positive cells (ie, B-cell
precursors), leading in most patients
to the depletion of B cells in the
blood within several weeks of

administration

A Complement-mediated
cytotoxicity c3

NK call

C Direct lysis

Q C3b
Complement

receptor

B FcyR/CR-mediated opsonic
phagocytosis or ADCC

FC:*,'FI



RITUXIMAB

* [t Is @ promising agent for the treatment of both DM and PM.

e |t has shown mixed results in case series of connective tissue

disease-associated interstitial lung disease (CTD-ILD)



e Pre-rituximab disease course and treatment

* Decision to treat

e Rituximab administration

» Post-treatment disease course

e Adverse effects

Rheumatology 2016;55:1318-1324

RHEUMATOLOGY PO chdsp vy i
Original article

Rituximab in autoimmune connective tissue
disease-associated interstitial lung disease

Charles Sharp’', Melanie McCabe?, Nick Dodds®, Anthony Edey?, Lloyd Mayers>,
Huzaifa Adamali®, Ann B. Millar’ and Harsha Gunawardena®*



Pre-rituximab disease course and
treatment

* In case patients had failed to respond adequately to prior
Immunosuppressive therapies

* Induction with pulsed IV CYC (at a dose of 15 mg/kg, capped at 1 g,
for six cycles, at 3 week intervals)

« With IV methylprednisolone (500mg~1 g prior to each dose of CYC)

« Mycophenolate Mofetil



Decision to treat

The decision to commence rituximab treatment was based on MDT

discussion

v" Clinical features including progression or lack of improvement in

rheumatologic features
v" Progressive lung function decline

v" HRCT changes: progressive changes or a failure of disease adjudged as

reversible to improve or resolve (e.g. ground glass changes)



Rituximab administration

e Rituximab was administered according to
rheumatology/CTD protocol, at a dose of 1 g IV
infused on days 0 and 14.

* Following treatment, oral immunosuppression

was continued in all patients.




Post-treatment disease course

Fic. 1 Changes in lung function before and after treatment

Change in FVC before and after Rituximab
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Adverse effects

* Infusion reactions
« Development of antibodies to rituximab
* Viral and fungal infections

« Hypogammaglobulinemia.



Rituximab versus intravenous cyclophosphamide in patients

with connective tissue disease-associated interstitial lung
disease in the UK (RECITAL): a double-blind, double-dummy,
randomised, controlled, phase 2b trial

Toby M Maher, Veronica A Tudor, Peter Saunders, Michae! & Gibbans, Sophie V Fletcher, Christapher P Denton, Rachel K Howles, Helfen Parfrey,
Elisabettn A Renzoni, Maria Kokosi, Atho! L Wells, Deborah Ashby, Matyas Szigeti, Philip L Molyneaus, on behalf of the RECITAL investigators®

 Rituximab was not superior to cyclophosphamide
to treat patients with CTD-ILD
 Rituximab was associated with fewer adverse

events

Lancet Respir Med 2023; 11: 45-54
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Figure 2: Adprited rate of change in FYC in the cyclophosphamide and
rituximab groups at week 24 [A) and adjusted change in FYC from baseline
toweek 45 (B)

Errar bars in both panels are standand eron for the adjusted rate of dhangs in FYC



Rituximab should be
considered as a
therapeutic alternative
to cyclophosphamide
in individuals with
CTD-ILD requiring
intravenous therapy.

Lancet Respir Med 2023; 11: 45-54

Cydophosphamide  Rituximab group
group {n=50) {n=51)

Al events b6 445
Blocd and lymphatic system disorders {=1%} ]
Cardiac dorders 10 (2%) 6 [1%)
Ear and Lsbyrinth disoeders 2{=1%} 1[<1%)
Eye disorders 16 2%] 8 (2%}
Gastrointestinal disordems 170 {26%) 71(16%)
General disorders and administration site conditions 91 {14%) 52 [12%)
Hepatobiliary disaonders 1 {=1%} 1[=i%)
Fmmune spitem disordes o 2 (i)
Infections and infestations o8] 46 [10%]
Enjury, paisoning, and procedural cormplications Biiw) (1)
Investigations 11 2%) B (2%}
Metabelism and nutrition disorders 5 {1%) 3 (1%
Musculoskeletal and connective tissue diorders 4 [7%) 40 [9%:)
Nenvaus system disorders 72 (11%) 35 (%)
Puychiatric disorders 9 {1%) 10 [2%)
Renal and wrinary disorders B {1%) 1 {<1%)
Repradisctive systerm and breast disorders T EE Y] 41
Respiratory, thorscic, and mediastina] disarders G4 {15%} 101 [23%)
Skin and subcutaneous tissue disorders I8 (6%) 32 ()
Surgical and medical procedures 1 [=1%) i
Vascular disorders Ti%) 16 [4%]

Cata are number of events |% of total events reported per cobart).

Tabde 3: Adverse events by system, organ, and dass, reported to week 48 for all randomised participants
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TABLE 1 Baseline clinical characteristics of included studies.

Study Study Country Population Patient Sex (F Mean Evaluation Rituximab Follow- Quality
design (n) (%) age (yrs) criteria therapy up score
(months)
Sem et al, (2009) Retrospective study ~ Norway AS-ILD 11 &3 59 (23-66) PFT. HRCT Rituximab (1,000 mg) on DOand D14 (n=10) 6 7
Rituximab (700 mg) on DO and D14 (n= 1)
Keir et al, (2014) Retrospective study  United Kingdom CTD-ILD 32 3 525 + 109 PFT Rituximab (1,000 mg) on D0 and D14 6-12 7
Allenbach et al, (2015) Prospective study French AS-ILD 10 20 51 (18-57) PFT, HRCT, Rituximab (1,000 mg) on D0, D15 and Mé 12 7
SF-36
Bosello et al, (2015) Prospective study Italy SSC-ILD 14 85 414 £ 131 PFT, HRCT Rituximab (1,000 mg) on DO and D14 12 8
Lepr et al, (2016) Retrospective study NA CTD-ILD 42 75 NA PFT NA 12 7
Sharp et al, (2016) Retrospective study  United Kingdom CTD-ILD 24 66 514 £ 149 PFT, HRCT Rituximab (1,000 mg) on D0 and D14 6-12 7
Yuzaiful (2017) Retrospective study  United Kingdom  RA-ILD 43 64 64 (59-72) PFT, HRCT Rituximab (1,000 mg) on D0 and D14 6-12 7
Sari et al, (2017) Retrospective study  Turkey S5C-ILD 14 92 53.2 (46.8-555) PFT NA 6-1 7
Doyle et al, (2018) Retrospective study  United States AS-ILD 2 A0 49 +£12 PFT. HRCT NA 12-36 8
Sircar et al, (2018) Prospective study India SSC-ILD 30 #3 3467 £ 813 PFT, HRCT Rituximab (1,000 mg) on DO and D15 6 8
Duarte et al, (2019) Retrospective study  United Kingdom  RA-ILD 15 66 NA PFT. HRCT NA 6-36 7
Javier (2020) Retrospective study  Spain SSC-ILD 24 87.5 580 + 140 PFT, HRCT Rituximab (1,000 mg) on DO and D15 6-24 7
Jawvier (2020) Retrospective study  Spain RA-ILD 31 58 61.0 £ 120 PFT, HRCT Rituximab (1,000 mg) on DO and D15 6-24 7

Abbreviations: RA-1LD), Rheumatoid Arthritis-Associated Interstitial Lung Disease; AS-ILD: Anti-synthetase Syndrome-Associated Interstitial Lung Disease. CTD-ILD: Connective Tissue Disease- Associated Interstitial Lung Disease; SSC-ILD: Systemic
Sclerosis-Associated Interstitial Lung Disease, PFT: pulmonary function test; HRCT: High- Resolution Computed Tomography; SF-36: 36-Item Short- Form Health Survey. N/A: not available.
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TABLE 3 Adverse events observed after rituximab infusion in CTD-ILD patients.

Study CTD-ILD patients, n Adverse events, n Adverse events, (n)
Gradel-2 Grade3-4 Grade5

Sem et al, (2009) 11 8 7 0 1
Keir et al, (2014) 33 3 NA NA 3
Allenbach et al, (2015) 12 6 6 0 0
Bosello et al, (2015) 14 6 6 0 0
Lepri et al, (2016) 44 12 10 2 0
Sharp et al, (2016) 24 1 0 0 1
Yuzaiful (2017) 56 24 0 15 9|
Sari et al, (2017) 14 1 0 1 0
Doyle et al, (2018) 25 13 9 3 1
Sircar et al, (2018) 30 13 11 1 1
Duarte et al, (2019) 26 NA NA NA NA
Javier (2020) 24 9 5 5 1
Javier (2020) 31 10 5 5 2

Abbreviations: CTD-ILD: Connective Tissue Disease-Associated Interstitial Lung Disease; NA: not available. Gradel-2: Mild to moderate. Grade 3: Severe but not immediately life-

threatening. Grade 4: Life-threatening consequence. Grade 5: Death.
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Protocol

e Rituximab was administered in 2 intravenous infusions of
1000 mg on days 1 and 15 every 6 months or more,
depending on pulmonary or joint symptoms and serum

iImmunoglobulin levels.

* All patients were premedicated at each infusion with 100 mg

of methylprednisolone, antihistamines, and antipyretic agents
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CTD-ILD with RTX
n=317
Duration with RTX: | |
38.2 (23.4-69.0) month
|
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n =213 patients (62.1%) n=T(18.9%)

n =7 patients (18.9%)

Progress of Pulmonary function tests (PFT)
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Figure 3. Pulmonary function results at 12 months and at the end of follow-up in patients with

CTD-ILD receiving rituximab. I = p value for comparison between 12 months with baseline, and end
of follow-up with baseline.
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Return to case

Weekly SLE Lab f/u)

* Anti-dsDNA 2.5 [0~7 1U/ml]
*lgG 1141.0 [700~1600 mg/dl]
«C3 683 62.7 [90~180mg/dl]
«C4 116 114 [17.1~46.5mg/dl]

GT O

Chest HR'GJ;
LUNG 2.5mm =}

N 1500
CHES Md’ ] ”fm"
cCH50 320  [317~516 U/mL] [ et

CNUH
2023-02-06
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Return to case

IV steroid

Rituximab 1000mg MMF CYC 750mg
(2/3, 2/24) (2/3~) (3/1~)



AE ILDOIM initiagl Tx,= TH5A7H?



Biologic Treatments in Interstitial
Lung Diseases

Theodoros Karampitsakos', Argyro Vraka?, Demosthenes Bouros?,
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Interstitial lung diseases (ILD) represent a group of heterogeneous parenchymal
lung disorders with complex pathophysiology, characterized by different clinical and
radiological patterns, ultimately leading to pulmonary fibrosis. A considerable proportion
of these disease entities present with no effective treatment, as current therapeutic
regimens only slow down disease progression, thus leaving patients, at best case,
with considerable functional disability. Biologic therapies have emerged and are being
investigated in patients with different forms of ILD. Unfortunately, their safety profile has
raised many concerns, as evidence shows that they might cause or exacerbate LD
status in a subgroup of patients. This review article aims to summarize the current state
of knowledge on their role in patients with ILD and highlight future perspectives.

Keywords: interstitial lung diseases, biologic treatments, pulmonary fibrosis, treatment, safety

Front. Med. 6:41.



TABLE 2 | Biclogic treatments in pulmonary sarcoidosis.

Study Biologic agent Mechanism of action Number of patients/Outcome References
Baughman et al. Infliximab Chimeric monoclonal antibody 148 patients Improvement of 2.5% in FVC over (46)
against TNF 24 weeks
Rossman et al. Infliximab Chimeric monoclonal antibody 19 patients No significant improvement over 6 and (47)
against TNF 14 weeks
Vorselaars et al. Infliximab Chimeric monoclonal antibody 56 patients Improvement of 6.6% in FVC Uptake (48)
against TNF value on 18F-FDG-PET predictive of response
Vorselaars et al. Infliximab Chimeric monoclonal antibody 47 patients Relapse 62% Increased SUV,
against TNF IL-2r predictors (49)
Sweiss et al. Adalimumab Humanized monoclonal antibody 11 patients Improvement in FVC (4), stabilization in (50)
against TNF FVC (7), improvement in BMWD (5), improvement in
Borg (9) over 24/52 weeks
Utz et al. Etanercept Receptor antagonist of TNF 17 patients Excessive treatment failure (51)
Judson et al. Ustekinumab/ Humanized monoclonal antibody 173 patients (52)
golimumab against IL12,IL23/and against TNF, (pulmonary or cutaneous)
respectively No significant improvement over 28 weeks
Sweiss et al. Rituximab Humanized monoclonal antibody 10 patients >5% improvement in FVC (5) (53)
against CD20 improvement by =30m in 6MWD (5) over
24/52 weeks
NCTO02888080 Canakinumab Human monoclonal antibody against Change in PFTs from baseline to week 24/Becruiting (54)

IL-1b

CD, Cluster of Differentiation; IL, interfeukin; "8 F-FDG-PET, Fludeoxyglucose ('6F) Positron Emission Tomography; FVC, Forced Vital Capacity: PFTs, Pulmonary Function Tests; SUV.
Standardized Uptake Value; TNF, Tumor Necrosis Factor; 6MWD, & Minute Walk Distance.

Front. Med. 6:41.
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FIGURE 1 | Studies investigating biclogic treatments in patients with IPF.
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TABLE 3 | Phase 2 clinical trials for biologic treatments in patients with IPF.

Biologic agent Mechanism of action OQOutcome References
Carlumab CCL2 inhibitor Negative study NCTOO786201 (62)
Etanercept Receptor antagonist of TNF Negative study NCTO0063863 (63)
Imatinib Tyrosine kinase inhibitor Negative study NCTO0131274 (64)
Lebrikizumab anti- IL13 Monotherapy: Negative study NCTO1872689 (65-67)

Pamreviumab (FG-3019)
simtuzumab

Tralokinumab
BGO0011 (STX-100)

VAY736
SAR156597

Rituximab

Monoclonal antibody against CTGF
Anti-LOXL2

Anti-IL13

Humanized monoclonal antibody against
integrin avpb

Monoclonal antibody against BlyS/ BAFF-R

Bispecific monoclonal antibody against IL-4
and IL-13

anti-CD20

Combination with pirfenidone:
Trend for benefit on AE/mortality

Positive phase 2 open label trial
Negative study

Negative study

Pending

Pending
Negative study

Pending

NCT01262001 (68)
NCTO1769196 (69)
NCT01629667 (70)
NCT01371305 (66)

NCTO03287414 (71)
NCT02921971 (72)

NCT01969409
NCT03286556 (73, 74)

BAFF-R, B cell activating factor; CCLZ, chemokine (C-C motif) ligand 2; CTGE Connective Tissue Growth Factor; IL, interfeukin; LOXLZ2, Lysyl oxidase homolog 2; RCT, Randomized
Controlled Trial; TNF, Tumor Necrosis Factor.

Front. Med. 6:41.
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