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ENVIRONMENTAL AND OCCUPATIONAL EXPOSURES

MARY RICE, MD, MPH

Harvard/Beth Israel Deaconess)

KEYNOTE ADDRESS - THE IMPACT OF AIR
POLLUTION AND CLIMATE CHANGE ON LUNG
DISEASE
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Saturday, March 22, 2025 8:10 am - 8:55 am
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Dr. Mary B. Rice MD MPH is the director of the Center for Climate, Health, and the
Global Environment (Harvard Chan C-CHANGE) and the Mark and Catherine Winkler
Associate Professor of Environmental Respiratory Health at Harvard T.H. Chan School
of Public Health. She is a pulmonary critical care physician and the director of the Beth
Israel Deaconess Medical Center (BIDMC) Institute for Lung Health, where she is an
associate professor of medicine at Harvard Medical School and director of research for
the division of pulmonary, critical care and sleep medicine. Rice's area of investigation
focuses on the influence of environmental exposures, especially air pollution and
climate change, on the respiratory health of children and adults and the development of
interventions to mitigate these health effects. She is the principal investigator of a
National Institutes of Health (NIH)-funded clinical trial of home air purification for
patients with COPD, and she leads the environmental health research program of the
American Lung Association Lung Health Cohort. She also co-leads the Center for
Climate: Equitable and Accessible Research-based Testing for Health (C-EARTH), an
NIH-funded P20 Center which aims to bring sustainable climate solutions to heat
stressed, low-income communities around the globe.



JYOTHI TIRUMALASETTY, MD
Stanford

THE CHANGING PATTERNS OF ALLERGENS
DUE TO CLIMATE CHANGE AND MITIGATION
OF ENVIRONMENTAL EXPOSURES

Saturday, March 22, 2025 8:55 am - 9:20 am

Jyothi Tirumalasetty, MD, FAAAAI has over 18 years of experience in allergy and
clinical immunology. She started her career in medicine in Chicago after completing
internal medicine residency and allergy fellowship at Northwestern University’s Feinberg
School of Medicine. She served as the clinical director of the Center for Lung Health at
University of lllinois at Chicago and as section chief of allergy at the Jesse Brown VA in
Chicago. She was recruited to Stanford University School of Medicine in 2022 and
currently splits her time between teaching, clinical research, and patient care as a
Clinical Assistant Professor within the Division of Pulmonary, Allergy, and Critical Care
Medicine. Her research has focused on reducing greenhouse gas emissions in the
healthcare sector, assessing the carbon footprint of asthma inhalers in the US, and
understanding the effects of climate change and pollution on asthma and allergic
diseases. Her second area of research focuses on health disparities in asthma

and allergic diseases. In her free time, Dr. Tirumalasetty enjoys gardening, running, and
spending time with her mini-goldendoodle named Roscoe.



SHEIPHALI GANDHI, MD, MPH
UCSF/San Francisco VA)

OCCUPATIONAL LUNG DISEASE AND THE NEW
EPIDEMIC OF SILICOSIS IN CALIFORNIA

B Saturday, March 22, 2025 9:20 am - 9:45 am
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Sheiphali Gandhi, MD, MPH, is an Assistant Professor at the University of California
San Francisco in the Divisions of Occupational, Environmental, and Climate Medicine
and Pulmonary, Critical Care, Sleep, and Allergy Medicine. She is a dual-boarded
pulmonologist and occupational medicine physician specializing in occupational and
environmental respiratory disease. She is the Director of the California Silicosis
Support and Research Network based at UCSF. Additionally, she is the Associate
Director of the San Francisco Veteran's Association Post-Deployment Cardiopulmonary
Evaluation Network, assessing veterans with military exposures in Southwest Asia. Her
research concentrates on the epidemiology of interstitial lung disease, including
pneumoconiosis, and the occupational contributions to health disparities.



ASTHMA/ATOPIC AIRWAYS DISEASE

REIKA MIYOKAWA, MD
Santa Clara Valley MC

THE NEW GINA GUIDELINES, WHAT YOU
NEED TO KNow

Saturday, March 22, 2025 10:25 am -
10:50 am

Reika received her medical degree from the University of Hawaii, where she grew up.
She then completed her internal medicine residency at UC Davis followed by
Pulmonary and Critical Care fellowship Stanford University, with a focus on asthma and
medical education. Currently, she serves as faculty at Santa Clara Valley Medical
Center in San Jose, California.



PRAVEEN AKUTHOTA, MD
UCSD

THE ROLE OF TH2 INFLAMMATION IN
AIRWAYS DISEASES

Saturday, March 22, 2025 10:50 AM -
11:15 am

Dr. Praveen Akuthota is a Professor of Medicine in the Division of Pulmonary, Critical
Care, Sleep Medicine & Physiology at the University of California San Diego. He is an
expert in the care of patients with asthma and eosinophilic respiratory diseases and has
authored chapters in leading sources such as Harrison’s Textbook of Internal Medicine,
Middleton’s Allergy, and UpToDate. Dr. Akuthota’s research efforts range from basic
scientific investigations of human eosinophil biology and eosinophilic inflammation to
clinical and translational efforts in asthma and eosinophilic pulmonary disease. He is the
corresponding Principal Investigator for the UCSD Clinical Center in the National Heart,
Lung, and Blood Institute’s PrecISE Network that is studying precision interventions

in severe asthma. He was a co-investigator on a study published in the New England
Journal of Medicine showing the efficacy of anti-IL-5 therapy in the treatment of the
eosinophilic disease EGPA (Churg Strauss syndrome). His research group is involved
in other multicenter studies in eosinophilic disease and asthma. Basic science
investigations from Dr. Akuthota focus on ex vivo studies of human eosinophils.



MONICA TANG, MD
UCSF

UPDATE ON THE ROLE OF BIOLOGICS IN
ASTHMA AND ATOPIC DISEASE

Saturday, March 22, 2025 11:15 am -
11:40 am

Dr. Monica Tang received her medical degree from Northwestern University. She did
her residency in internal medicine and pediatrics followed by her fellowship in
allergy/immunology at Duke University. She is an Assistant Professor of Medicine at
UCSF and serves as the physician lead for the severe asthma clinic.



SHAZIA LUTFEALI, MD
Cedars-Sinai

PRO: CLINICAL REMISSION IS POSSIBLE IN
ASTHMA

Saturday, March 22, 2025 11:40 am - 11:55 am

Dr. Lutfeali is a Southern California native and grew up in a
college town called Claremont. After completing medical
school at Georgetown University and residency at Weill
Cornell Medical Center, she pursued a fellowship in Allergy
& Immunology at the University of Texas, Southwestern Medical Center in Dallas,
where she had a special focus in drug allergy. She then returned to Southern California
where she practiced at Kaiser Permanente and most recently has joined the Faculty at
Cedars-Sinai Medical Center, where she serves as an Assistant Professor in the
Departments of Medicine and Pediatrics. Here, she collaborates with her colleagues in
pulmonology and has initiated an adult and pediatric Severe Asthma Clinic. Optional: In
her spare time, she enjoys hiking, swimming, ping-pong, and trying new restaurants.

NICHOLAS KENYON, MD
UC Davis

CON: CLINICAL REMISSION IS NOT
POSSIBLE IN ASTHMA

Saturday, March 22, 2025 11:55 am -
12:10 pm

Dr. Kenyon is Professor of Medicine in Div of Pulmonary, Critical Care and Sleep
Medicine at UC Davis and a VA Mather Staff Physician. He is director of the UC Davis
Asthma Network clinics. His translational research focus on arginine metabolism, nitric

oxide biology, airway inflammation, and asthma. He is Pl of the NHLBI T32 Training
Program on Comparative Lung Biology and Medicine and NHLBI R38 Training Program
in Veterinary and Human Health and MPI of the UC Davis Clinical and Translational
Science Center.



HANDS ON SESSION

SHEIPHALI GANDHI, MD, MPH
UCSF/San Francisco VA
HANDS-ON SESSION: DIY AIR FILTERS

Saturday, March 22, 2025 1:20 pm - 2:20 pm

Sheiphali Gandhi, MD, MPH, is an Assistant Professor at the University of California
San Francisco in the Divisions of Occupational, Environmental, and Climate Medicine
and Pulmonary, Critical Care, Sleep, and Allergy Medicine. She is a dual-boarded
pulmonologist and occupational medicine physician specializing in occupational and
environmental respiratory disease. She is the Director of the California Silicosis
Support and Research Network based at UCSF. Additionally, she is the Associate
Director of the San Francisco Veteran's Association Post-Deployment Cardiopulmonary
Evaluation Network, assessing veterans with military exposures in Southwest Asia. Her
research concentrates on the epidemiology of interstitial lung disease, including
pneumoconiosis, and the occupational contributions to health disparities.



JOON CHANG, MD
Stanford
HANDS-ON SESSION: CRYOBIOPSY

Saturday, March 22, 2025 1:20 pm - 2:20
pm

Joon Chang, MD
pulmanary, Allergy
and Critical Care Med

!

Dr. Joon Chang received his medical degree from UCLA David Geffen school of
medicine. He did her post-graduate medicine residency at NYU and pulmonary and
critical care fellowship at Stanford. He completed his interventional pulmonology
fellowship at the Hospital of University of Pennsylvania in 2022. Currently, he serves as
an Assistant Professor of Medicine and an associate program director for interventional
pulmonology fellowship at Stanford.



EMILY CASABAR, NP
Stanford

HANDS-ON SESSION:
RESPIRATORS/FACE MASKS

Saturday, March 22, 2025 1:20 pm -
2:20 pm

Emily Casabar, MSN, NP-C received her Bachelor of Science Degree in Nursing from
California State University, Bakersfield in 2005 and her Master of Science Degree in
Nursing, FNP, at Holy Names University in Oakland, CA in 2012. Emily is the Lead
Advanced Practice Provider in the Pulmonary clinic at Stanford Health Care. Emily's
area of clinical practice is general pulmonology specializing in COPD, Asthma, and
other pulmonary diseases. Emily also works collaboratively in the Stanford Interstitial
Lung Disease (ILD) clinic.



JULIEANNE GARCIA, RRT
Palo Alto VA

| HANDS-ON SESSION: FENO/PORTABLE
| SPIROMETRY

| Saturday, March 22, 2025 1:20 pm - 2:20 pm

Mrs. Garcia received her Associate of Science Degree in Respiratory Care in 2019.
Currently, she is working in the Pulmonary section at the Veteran’s Affairs Palo Alto
Health Care System, and training in assisting interventional pulmonologists with special
pulmonary diagnostic procedures. Her interests lean towards embracing new
technologies and helping others to do the same, as the Respiratory Care profession
advances. She is also member of the American Association of Respiratory Care (AARC)
and the California Society of Respiratory Care (CSRC).



INSTERSTITIAL LING DISEASE

TOBY MAHER, MD MSC PHD
UscC

FROM ILA TO PPF: UNDERSTANDING THE
ALPHABET SsouUP

Saturday, March 22, 2025 2:45 pm - 3:10 pm

Toby Maher is Professor of Medicine and Director of Interstitial Lung Disease at Keck
School of Medicine, University of Southern California, Los Angeles.

Dr Maher has spent the last 20 years specializing in the management of all forms of
pulmonary fibrosis and orphan interstitial lung diseases. He previously ran the ILD unit
at Royal Brompton Hospital, London. Since June 2020 he has been Director of ILD at
Keck Medicine of University of Southern California in Los Angeles. His research
interests include: biomarker discovery, the lung microbiome and host immune response
in the pathogenesis of IPF and clinical trials in interstitial lung disease. He has been
involved in >100 trials in fibrotic lung disease from phase 1b through to phase 4 and
including those assessing IPF, sarcoidosis, scleroderma, rheumatoid arthritis and
inflammatory myositis. He is an associate editor for American Journal of Respiratory
and Critical Care Medicine and is on the Editorial Board of Lancet Respiratory Medicine.
He has authored over 400 papers and book chapters on pulmonary fibrosis.



LILA POURZAND, MD

UCLA

IMAGING PATTERNS IN INTERSTITIAL LUNG DISEASE

Saturday, March 22, 2025 3:10 pm - 3:35 pm

Dr. Lila Pourzand received her medical degree from Shahid Beheshti (Melli)University in
Iran. She completed her Internal Medicine residency at LAC-USC. Subsequently, she

pursued and completed her Radiology residency, Nuclear medicine fellowship and
Thoracic Diagnostic and Interventional fellowship.

Dr. Pourzand serves as an Associate Professor of Radiology and Lead radiologist in
CTD-ILD program at UCLA.



NIRANJAN JEGANATHAN, MD
Loma Linda

INVASIVE TESTING TO MAKE THE
DIAGNOSIS IN ILD: FROM BAL TO OPEN
LUNG BIOPSY

Saturday, March 22, 2025 3:35 pm - 4:00 pm

Dr. Jeganathan is an Associate Professor of Medicine at Loma Linda University Health.
He completed his pulmonary and critical care fellowship training at Rush University,
where he also earned a master’s degree in clinical research.

Dr. Jeganathan established and leads the Interstitial Lung Disease program at Loma
Linda University Health, which is recognized as a Pulmonary Fibrosis Foundation
Center of Excellence. His research focuses on ILD epidemiology, and he has authored
numerous original articles, reviews, and editorials. Additionally, he serves on the
California Thoracic Society Conference Planning Committee.



GABRIELLE LIU, MD
UC Davis

WHEN TO USE
IMMUNOSUPPRESSANTS AND
ANTIFIBROTICS IN NON-IPF ILD

Saturday, March 22, 2025 4:00 pm -
4:25 pm

Gabirielle Y. Liu, MD, MS is an Assistant Professor of Medicine in the Division of
Pulmonary, Critical Care, and Sleep Medicine and the Associate Director of the
Interstitial Lung Disease Program at the University of California Davis. Her research
explores the risk factors and biomarkers associated with impaired respiratory health and
the transition to chronic lung disease. Her current work examines the association
between wildfire smoke exposure and markers of impaired respiratory health.



STEPHANIE JI CHEN, MD
Stanford

MULTIDISCIPLINARY FELLOWS CASE
CONFERENCE

Saturday, March 22, 2025 4:25 pm - 4:50 pm

Dr. Stephanie Chen received her medical degree from University of Michigan, then
completed internal medicine residency at UCSF. She is currently a second year

pulmonary and critical care fellow at Stanford University. She is interested in pursuing
a career in ILD and critical care.



C-CHANGE Beth Israel Lahey Health )

CENTER FOR CLIMATE, HEALTH, Beth Israel Deaconess
AND THE GLOBAL ENVIRONMENT .
Medical Center

20 HARVARD TH.CHAN
SCHOOL OF PUBLIC HEALTH

The impact of air pollution and climate on
lung disease

Mary B. Rice, MD MPH
Director, BIDMC Institute for Lung Health
Associate Professor, Harvard Medical School

Director, Center for Climate, Health and the Global Environment

Mark and Catherine Winkler Associate Professor of Environmental Respiratory Health,
Harvard Chan School of Public Health

California Thoracic Society Meeting
March 22, 2025



Disclosures

* | have no relationships with ACCME defined ineligible
companies

* | WILL NOT discuss off-label use and/or investigational use of
any drugs or devices



Aims / Learning Objectives

. Describe changes in air quality (smoke, smog and
aeroallergens) attributable to climate change

. ldentify major respiratory effects these exposures among
children and adults

. Consider health implications of fuel combustion in policy and
clinical care



How is climate change an air quality problem?

Ozone Smog Pollen

Wildfires

a

=
e
-

—
‘;‘ . ’

-.
= -
' .
2" =i 9 B
g ¥ 2
'y
-
-

N




Higher temperatures increase ground-level ozone (O,)

Component of smog [ S — ]
4

Formed by the reaction of NOx y

and VOCs in presence of UV o

radiation i

{ Emissions of Ozone Precursors: }

Very powerful oxidant NO, (NO & NO,), VOCs, CO, etc.

Well-established respiratory
irritant, trigger for respiratory
hospitalization and all-cause
mortality




Repeated exposure to O, induces airway remodeling

Daily exposures to Ozone
I |

1 day 9 days
Key Events in Ozone- +
Induced Murine Rhinitis and
Nasal Epithelial Remodeling Mucous cell
metaplasia
hyperplasia
Epithelial cell death hypertrophy
hyalinosis

Nasal airway epithelium

I \ ‘)
f" . e
a@ggﬁg@ A

Lamina propria Neutrophils |

Blood vessel : ) ——— ZIL-S Eosinophils
Lymphocyte i

Image by Dr. Harkema in Thurston et al. Annals ATS. 2019.



Summer O, and child asthma hospitalizations

Ozone Warm Season
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Boston on a smoggy day

Strickland et al. Am J Resp Crit Care Med. 2010.



Olympics traffic reduction program —> fewer child asthma events

: l Baseline Period Bl Olympic Period*
Traffic Counts - 23% 5
o -11%
Ozone -30% E 4
0 s
PM,,-16% g 3 42%
% 2 -19%

0
Medicaid Claims Kaiser HMO  Pediatric ERs  Hospital Ad.

Non-asthma related acute care visits during
same time period did not change

Friedman et al. JAMA 2001
Slide adapted from K Enfield



O, (within air quality standards) and lower adult lung function &

Lung function after “moderate” vs “good” air quality = No evidence of a threshold effect of O; on FEV,
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Mixed effects models adjusted for sex, age, height, weight, smoking,
asthma/COPD, education, household income (2000 census), date, weekday,
season, temperature, humidity and cohort

Rice et al. Am J Respir Crit Care Med. 2013.



Men and obese adults may be more susceptible to O,

207 P 0.002 P 0.010

interaction interaction
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Scaled per 10 ppb in O,
Rice et al. Am J Respir Crit Care Med. 2013.



Consistent evidence obesity is a risk factor for O, susceptibility

J Appl Physiol 95: 938045, 2003, - :
First published June 6, 2003; 10.11524applphysiol.00336.2003. translational physiology

Responses to ozone are increased in obese mice

S. A. Shore, Y. M. Rivera-Sanchez, I. N. Schwartzman. and R. A. Johnston
Physiology Program, Harvard School of Public Health, Boston, Massachusetis 02115

Submitted 4 April 2003; accepted in final form 25 May 2003

Ozone Exposure and Lung Function*

Effect Modified by Obesity and Airways
Hyperresponsiveness in the VA Normative
Aging Study

Stacey E. Alexeeff. BSc; Augusto A. Litonjua, MD, MPH, FCCP; Helen Suh, ScD;
David Sparrow, ScD; Pantel S. Vokonas, MD: and Joel Schwartz, PhD

IL-33 Drives Augmented Responses to Ozone in Obese Mice

Joel A. Mathews," Nandini Krishnamoorthy,? David Itiro Kasahara,! Youngji Cho," Allison Patricia Wurmbrand,’
Luiza Ribeiro," Dirk Smith,® Dale Umetsu,* Bruce D. Levy,? and Stephanie Ann Shore’



Very high O; exposure causes pulmonary fibrosis

Alveolar septa Alveolar septa from rat exposed
from control lung to 1 ppm of O, for 20 months Cohort studies of 03 exposure

in adults have found™:
-Higher risk of IPF exacerbation
-No increased risk of interstitial
changes with long-term O, (but

\ increased risk with NO,, traffic)

™ Collagen
Stockstill et al. Toxicol Appl Pharmacol. 1995 I Elastin

*Johannson et al. ERJ. 2014; Sack et al. ERJ 2017; Rice et al. Thorax 2019.



Long-term O, exposure associated with emphysema progression

Progression rate of % emphysema based on O, exposure
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Exposure to 0y Over Follow-up, Parts per Billion

Every 3 ppb of O; associated with a 0.18 (95% CI 0.08 —
0.28) higher % emphysema over 10 years among 6,860
adults (Multi-Ethnic Study of Atherosclerosis) Wang et al. JAMA. 2019.



Climate models predict higher O,, delaying regulatory progress

Climate change could overwhelm

ozone emission reduction efforts

ppb
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Image from Dan Costa, EPA
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Steiner et al., J. of Geophysical Research 2006;
Millstein and Harley, JGR 2009.
(courtesy John Balmes)



Higher CO, and temperatures lengthen and amplify pollen season

Pollen Counts Rise with

* Longer pollen seasons (earlier blooming, later Increasing Carbon Dioxide
frost)

 +20 days in past 20 years in N. America

]
]
T

[ov]
(=]
T

=l
(42}
T

o
il

* Faster plant growth and higher pollen quantity

* +21% in past 20 years in N. America

Lh
T

I
1

Pollen production (grams per plant)

0
CO, 280 ppm 370 ppmi 720 ppm

Year ~1800 ~2000 ~2075

itk ar aulfiald”
1 11 Pollen production from ed in chambers at the carbo
* Higher pollen allergenicity ontd comenoationof o entn yote Gt P00yt or colhon
[ppm]} was about 5 grams per plant; at today's approsamate carbon

* increase in allergenic protein / total pollen protein diendide level, it was about 10 grams; and at a evel projected to

oocur about 2075 under the higher emissions scenario,” it was
aboart 20 grams, ™

Figure: Ziska et al. Aust J Plant Physiol. 2000

Anderegg et al. PNAS. 2022; D'Amato et al. The effects of climate change on respiratory allergy and asthma induced by pollen
and mold allergens. Allergy. 2020.


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjR3u_b8NnVAhXH7IMKHZZ4Da0QjRwIBw&url=http://survivorbb.rapeutation.com/viewtopic.php?f%3D183%26t%3D1841%26start%3D10&psig=AFQjCNEdbKII5R5EAzES8Fgv3r2GM1-Tnw&ust=1502908531347534

Pollen provokes asthma and allergy, possibly respiratory mortality

° A”ergy IS very common Grass pollen and child ER Visits

for Asthma

* 10-30% of population has symptoms of allergic rhinitis
* 10-35% of adults have IgE to grass pollen
 ~70% of asthmatics are allergic

* Higher pollen levels associated with:
Grass pollen (grains/m3)

* Allergy medication use and visits ,
Erbas et al. Clin & Exp Allergy. 2012

e Asthma admissions

* Mortality due to COPD and pneumonia
— 15% higher relative risk on high pollen days in Netherlands*

*Brunekreef et al. Lancet 2000. Other sources: D’Amato et al. Allergenic pollen and pollen allergy in
Europe. Allergy. 2007; D’Amato et al. Allergy. 2020.



Pollen and pollutants may interact to impair lung health

Association between lung tfunction of school age
children and short-term exposure to air pollution and

pollen: the PARIS cohort Amazouz H, et al. Thorax 202

What is the bottom line?

» We found that children recently exposed to
grass pollen had significantly lower FEV, and
FVC levels, and children recently exposed to
PM., , (particulate matter less than 10 pm) had
higher FeNO levels, with a possible synergy
between grass pollen and air pollution
regarding lung function.

Slide courtesy of Chris Carlsten




Hot, dry conditions increase risk of large destructive wildfires

.+ Siberia
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Wildfire PM, . Really Exceeds Standards

Air Quality
Index Levels of Health Concern Health Effects
(AQl) Values

51 to 100 Moderate Acceptable quality
12- 35 pg/m3: |

101 to 150

July 2021, high PM, . across
East Coast due >80 wildfires
‘ burning in the West

«

151 to 200 Unhealthy All may experience some effects

201 to 300 Very Unhealthy All may experience more serious
effects

301 to 500 Hazardous Emergency conditions

Nov 2018 Camp Fire:
PM, . >200 pg/m3in SF
(typical level ~9)



PM, 5 (ug/m°)

Wildfires increase respiratory admissions

before during after All Respiratory Asthma COPD
200 15- |
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Reid, Balmes et al. Environ Res. 2016



Wildfire-specific PM, . Associated with Asthma Symptoms
and Inhaler Use

= Dizpensationg
50 <
— PM25

|

30

20 4

Salbuterol Dispensations

10 -

Jung duly Augusl Seplaminer

2010

RR 1.06 (1.04-1.07) of inhaler dispensation
per 10 pg/ms3 higher wildfire PM

- 250

Wildfire PM may be more
toxic for asthmatics than PM
from other sources:

- 200

* 6.7% I in asthma
hospitalizations per 10
ug/m?3 of wildfire PM

o
=)
PMZ 5 [ugim3)

- 100

* 1.3% 1 per 10 pg/m?3

50 non-wildfire PM

Elliott et al. Environ Health. 2013
Johnston et al. Int J Environ Health Res. 2006
DeFlorio-Barker et al. Environ Health Perspect. 2019


https://www.ncbi.nlm.nih.gov/pubmed/17164166

Wildfires contribute more than a third of

the total annual burden of PM, .

*1/3 of PM, . estimate from 2014 EPA Emissions Inventory



PM, : air quality improved 1988-2016 except wildfire-prone areas

McClure CD and Jaffe DA. PNAS. 2018; * US EPA Emissions Inventory



Sources of Air Pollution = Sources of CO,

Courtesy Dr. E. Mostofsky



Air pollution a cause in girl's death,
coroner rules in landmark case

Coroner says failure to reduce pollution levels to legal limits was
factor in death of Ella Kissi-Debrah, who had severe asthma

O Ella Kissi-Debrah lived within 30 metres of London's South Circular road. Photograph: PA

The Guardian, Dec 16, 2020
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VivaSe
Traffic pollution associated with asthma and wheeze e

3 x Odds of Asthma if <100 m from Major Road Greater Risk of Reactive Airways (Age 3-5) in Girls
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Atopy and allergic sensitization may enhance respiratory effects of combustion pollution

Rice et al. J Allergy Clin Immunol. 2018.
Bougas et al. Traffic-related Air Pollution, Lung Function, and Host Vulnerability PARIS Birth Cohort. Annals ATS. 2018


http://dacp.org/viva/index.html

Traffic pollution causes childhood asthma

AMERICAN THORACIC SOCIETY
DOCUMENTS

Outdoor Air Pollution and New-Onset Airway Disease
An Official American Thoracic Society Workshop Report

George D. Thurston, John R. Balmes, Erika Garcia, Frank D. Gilliland, Mary B. Rice, Tamara Schikowski,

Laura 5. Van Winkle, Isabella Annesi-Maesano, Esteban G. Burchard, Christopher Carlsten, Jack R. Harkema,
Haneen Khreis, Steven R. Kleeberger, Urmila P. Kodavanti, Stephanie J. London, Rob McConnell, Dave B. Peden,
Kent E. Pinkerton, Joan Reibman, and Carl W. White; on behalf of the American Thoracic Society Assembly on
Environmental, Occupational and Population Health

THis oFFIciaL WorksHoP REFORT OF THE AMERICAN THORACIKC SOCIETY WAS APPROVED DEcEMBER 2019

e R
Workshop Conclusions
» Epidemiologic and toxicological evidence convincingly indicate a causal induction of new childhood
asthma by long-term outdoor air pollution exposure
» Although combined evidence supports the hypothesis that air pollution is related to adult onset
asthma and COPD, additional evidence is needed to definitively conclude a causal connection
& _/

Thurston et al. Annals ATS. 20109.



Traffic pollution associated interstitial lung abnormalities

Difference in Odds of ILA
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0.2 0.4 0.6 0.8
5-Year Average EC (ng/m3)

1.0

1.2

Rice et al. Thorax. 2019
Also: Sack et al. ERJ. 2017;
Goobie et al. AJRCCM. 2020



Air pollution impairs many organ systems

Respiratory disease mortality
Respiratory disease morbidity

Lung cancer
Pneumonia

Upper and lower respirat

Airway inflammation
Decreased lung function
Decreased lung growth

Insulin resistance
Type 2 diabetes

Type 1 diabetes S

Bone metabolism

High blood pressure
Endothelial dysfunction

Increased blood coagulation

Systemic inflammation

Deep venous thrombosis

Stroke

Neurological development
Mental health
Neurodegenerative diseases

Cardiovascular disease mortality
Cardiovascular disease morbidity
Myocardial infarction

Arrhythmia

Congestive heart failure

Changes in heart rate variability
ST-segment depression

Skin ageing

Premature birth

Decreased birthweight
Decreased fetal growth
Intrauterine growth retardation
Decreased sperm quality
Pre-eclampsia

Thurston et al. A joint ERS/ATS policy statement: what constitutes an adverse health effect of air pollution?

Eur Respir J 2017



Cellular pathways of inflammation
trlggered by combustlon derived PM

= TNF-ct, MIP-30x

7: Antigens
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% Increase
in Risk of
Death

Even low PM, . pollution associated with death
Entire U.S. Elderly (age > 65) Population
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Di Q et al. JAMA 2017

Josey et al. NEJM. 2023



SPECIAL ARTICLE

Air Pollution and Mortality at the Intersection of Race and Social Class

Kevin P. Josey, Ph.D., Scott W. Delaney, Sc.D., ).D., Xiao Wu, Ph.D., Rachel C. Nethery, Ph.D., Priyanka DeSouza, Ph.D., Danielle Braun, Ph.D., and Francesca Dominici, Ph.D.

+ Black, higher income % White, higher income

1.01-
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< 9% % | | g benefit more from PM, . reductions than
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5 0954 1 * Black subpopulations (high and low income)
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Josey et al. NEJM. 2023



Health benefits of cleaner air >> costs of fossil fuel phase out

e Health benefits include:

o 1000 2050 .
O * U Mortality (pulmonary,
2 800 CV, cancer)
2 o *  Respiratory events
2 «  Cardiovascular events
5 400 - . :
S + + Global mortality benefit
8 A A
5 200 + + + ! of lower O,/PM, .
E ) Y
© ¢+ 3 ® T ]
Z 9 —=reL—— W | Global marginal CO,
3 2822 F 2838 SE
s s 2 8% % 2 T8 abatement cost
£ a4 uw B v E < 2L0;
= = % =
Z pu—

West et al. Nature Climate Change. 2013
Hoffman et al. WHO Air Quality Guidelines
Joint Statement. Int J Public Health. 2021;
Buonocore et al. PLOS One. 2016;

Mortality benefits due to lower O;and PM, .
under CO, emissions reduction scenario (RCP4.5).
Red /blue = high / low value of statistical life.



TACKLING CLIMATE
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Add the Physician’s Voice to Energy &
Transportation Policy Discussions

Hearing on Bill to Transition MA ) Se_nate EPWbCommlt'ieg
to renewable energy Utah State Air Quality Board N€aring on carbon regulation

ATS Testimony, 2016

LA = < Dr. Robert Paine IIl MD
e - Chief, Pulmonary Medicine, U Utah

Dr. Alex Rabin MD
Sept, 19 2017
Image © Bill Ravanesi



Engage with hospital leadership on energy and
transportation

* Hospitals are especially energy-intensive buildings

* Healthcare is responsible for ~10% of U.S. greenhouse gas emissions!?

* Healthcare employs largest commuting workforce of the U.S. (>10% of
working population)?

& 1. Eckelman etal. PLOS One. 2016.
2. Kaiser Family Foundation. 2019.




Talk to patients about climate change

NPR story by Martha Bebinger. “Some Boston Doctors
Bring Climate Change Into The Exam Room.” May 1, 2019.
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Different addiction,
Same outcomes

Health effects
Death

Lung cancer
Asthma & COPD exacerbation

Impaired fetal growth & premature birth
Children are especially vulnerable

Powerful economic interests

Rationalization for not quitting

Tobacco Use

Fossil Fuel Use
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* | have the following relationships with ACCME defined ineligible
companies: None

| WILL NOT discuss off-label use and/or investigational use of
any drugs or devices.

’ \ California

"~




Objectives

* Understand The Effects of
Climate Change on
Environmental Allergens and
Strategies for Adaptation.

* Climate Change Mitigation:
Understand Why Healthcare
Systems Should Reduce Their
Carbon Emissions.

e Understand the Carbon
Emissions Associated with
Inhalers.

Sabai Tsho Lake, formed by the melting of Sabai Glacier in
Nepal.

AFRIPICS / ALAMY STOCK PHOTO

’ \ California
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Climate Change and Environmental Allergens

* Several studies have shown higher
temperatures and CO, levels promote
plant growth and increase pollen
concentrations.

* Flooding can lead to higher mold
concentrations outdoors and indoors.

* Overall, pollen concentrations and pollen
season duration are increasing in the US
(varies by species).

* Modeling has predicted up to 40%
increase in pollen in the US by 2081.

* New pollen species and molds becoming
more prevalent while detection and allergy
testing has not kept up.

Ragweed pollen

Beggs PJ. Thunderstorm Asthma and Climate Change. JAMA. 2024 Mar 12;331(10):878-879. ’ California
Ziska et al. Lancet Planet Health. 2019 Mar;3(3):e124-e131. ’ \ Thoracic Society
ATS Chapter Serving California and Arizona



Climate Change and Environmental Allergens

* Over the past several decades, spring
pollen season (trees) has started earlier
(3-27 days).

* Summer and fall pollen seasons
(grass/ragweed) have ended later (27
days).

* Heavy short-term precipitation reduces
pollen concentrations by about 30-40%
(with the exception of thunderstorms/high
winds).

* Local data not always consistent with
national trends.

Paudel B. et al. Sci Rep. 2021 Jun 17;11(1):12816.. ’ \ California
Ziska et al. Lancet Planet Health. 2019 Mar;3(3):e124-e131 ’ \ I\hﬂrqud&?qetx



Climate Change Worsens Allergic Diseases

* Higher pollen and mold counts associated with seasonal
asthma exacerbations in children and adults.

* Exposure to air pollution and environmental allergens can
Increase the risk of allergic sensitization.

* Particulate matter found in air pollution can interact with
environmental allergens to create highly allergenic particles.

e Thunderstorm asthma events can occur when environmental
allergens such as pollen become supercharged by high winds
and thunderstorms.

’ California

* Pacheco SE et al. J Allergy Clin Immunol. . .

2021 Dec;148(6):1366-1377. ’ \ Thoramc SOClety
ATS Chapter Serving California and Arizona



Thunderstorm
ASth ma Events Reported in the Australia, US, UK, and Canada.

Three factors present during each event:

¢ High aeroallergen concentrations
¢ Thunderstorms with high winds (>40 mph)
¢ Local population with allergic rhinitis and sensitized to grass pollen allergen

Specific environmental conditions exposed the population to
large amounts of ‘supercharged’ allergens.

Largest event in Melbourne in 2016 led to 3365 ED visits for acute
respiratory symptoms which overwhelmed area hospitals.

g Stanford School of Medicine .
MEDICINE Beggs PJ. Thunderstorm Asthma and Climate Change. JAMA. 2024 Mar 12;331(10):878-879.



What Can We Do To Prevent/Prepare?

Adaptation

Mitigation e Pollen/Mold count alerts

Reduce carbon emissions * Prepare our patients for
longer/more intense

allergy seasons

EEEEEEE Beggs PJ. Thunderstorm Asthma and Climate Change. JAMA. 2024 Mar 12;331(10):878-879.



Pollen/Mold
Count Alerts

National Allergy Bureau

https://bit.ly/40EKkXu

Trees Weeds

Top 3 species: Mo weeds present.

Juniper family, Cedar

Juniper family. cegar Cupressaceag

Ash

Oleaceae lolive farmily) Fraxinus

Pine Family with air bladders

Pinaceae (pine family! Pinaceae

(N LC

0

)

High Concentration Mot Present

Concentrations are measured as pollen or spores per cubic meter.

Grass (EIEEED

Mo grass present.

Mot Present

Mold Moderate

Top 3 species

Ascospores: includes Leptosphaeria,
Venturia, Ascobolus, Diatrypaceae,
Pleospora, Xylaria, Chaetomium,
Sporomiella, Claviceps, Ascomycete,
et al.

Ascospores (Undifferentiated)
Basidiospores: includes Coprinus,
Agrocybe, Agaricus, Inocybe,
Laccaria, Ganoderma, et al.
Basidiospares (Unaifferentiated)
Cladosporium

Cladasporium

7773

Maoderate Concentration



Management of Allergic Component

* Allergen avoidance: Reduce indoor
and outdoor exposure.

* Medical Management:

* Intranasal steroids/antihistamines, MART,
etc.

* Biologics for allergic asthma

* Immunotherapy:
* Subcutaneous
* Sublingual (tablets FDA approved)

* No biologics available for allergic
rhinitis alone.

’ \ California
’ \ Thoracic Society
ATS Chapter Serving California and Arizona



Impact of Climate Change on Health

Asthma, cardiovascular disease

Injuries, fatalities, mental
health impacts
Severe

@ Weather

Air Pollution &

Heat-related iliness and
death, cardiovascular
failure

Malaria, dengue, exephalitis,
hantavirus, Rift Valley Fever, lyme
disease, chikungunya,

West Nile virus

Forced migration,
civil conflict,

mental health impacts Respiratory allergies, asthma

Cholera, cryptosporidiosis,
campylobacter, leptospirosis,
Water Quality harmful algal blooms

Impacts 9

Malnutrition,
diarrheal disease

Figure 1: Impact of climate change on human health (Source: U.S. Centers for Disease Control and Prevention)
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200 major medical journals,
including the New England Journal
of Medicine, BMJ, and the Lancet,
published the same editorial on the
same day calling climate change
“the greatest threat to public
health in the 21st century.”

Stanford School of Medicine
MEDICINE

Call for Emergency
Action to Limit Global
Temperature Increases,
Restore Biodiversity,
and Protect Health

The science is unequivocal: a global increase of
1.5° C above the pre-industrial average and the
continued loss of biodiversity risk catastrophic
harm to health that will be impossible to reverse.

N Engl J Med. 2021 Sep 16;385(12):1134-1137.



Healthcare and Climate Change

* “The health sector, whose mission is protecting
and promoting health, makes a major
contribution to the climate crisis — the greatest
health threat of the 21st century — and
therefore has an important role to play in /
resolving it.”

* The healthcare sector now faces an urgent call ®
to action to reduce its carbon emissions and '
protect communities from climate threats. \ //

Sampath et al. Reducing Healthcare Carbon Emissions: A Primer on Measures and Actions for Healthcare Organizations to Mitigate Climate Change. AHRQ Publication No. 22-M011.

Health Care Without Harm Climate-smart health care series Green Paper Number One Produced in collaboration with Arup September 2019



Why Should US Health Systems Decarbonize?

US healthcare emissions were estimated at 550 MMT CO,e in 2018.
(Equivalent to powering all of the homes in the US for one year)

This is 8.5 percent of domestic US greenhouse gas (GHG)
emissions.

US healthcare system is responsible for ~25% of global healthcare
GHG emissions.

1,693 kg CO,e per capita for US healthcare is still the highest value
for any country.

Health Aff (Millwood). 2020 Dec;39(12):2071-2079.
qvb Stanford School of Medici Eckelman MJ, et al. Health Care Pollution And Public Health Damage In The United States: An Update.
) MeEDICInE  CCnootorMedicine Health Aff Proj Hope. 2020;39(12):2071-2079
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator



HIGH-LEVEL AIM

Reduce organizational emissions by 50% by 2030 and to net zero by 2050

High-Priority Measures

Figure 1. Summary of Key Measures and Strategies for Healthcare Decarbonization

Key Strategies

CoreMeasures Elective Measures Reduce Waste Reduce Emissions Intensity
Energy = Total GHG emissions from » Energy use intensity of health care + Conserve and optimize energy = Transition to zero-carbon fuel
energy use facilities efficiency sources
- ENERGY STAR® score of health » Meet and exceed the current
care facilities green building/retrofitting
standards
Transportation » Total GHG emissions of + Total GHG emissions from staff + Centralize oversight to actively  * Transition to sustainable

Anesthetic Gas

Pharmaceuticals &
Chemicals

Medical Devices &
Supplies

Food

owned and leased vehicles and patient travel

« Total GHG emissions from .
inhaled anesthetics

Mean fresh gas flow rates

Overarching Scope 3 Measure: Metered-dose inhaler outpatient
prescriptions as a percentage of
= Total GHG emissions from all inhaler prescriptions
(or total spend on) goods

and services

PercoMmestibcadmes
services supplied by companies
performing carbon disclosures
with a science-based target for
emissions reduction

+ Total GHG emissions from food
procurement

» Adopt food waste prevention .

manage transportation
reduction

transportation systems

Minimize fresh gas flow rates .
Decommission or avoid

construction of central nitrous
oxide piping

Manage anesthetic choices

Maximize lower carbon
alternatives for inhalers

Prevent disease exacerbatio
Launch appropriate use
campaigns

Ensure resource stewardship » Adopt and expand circular

economy policies and practices

related to reuse, reprocessing,

repair, repurposing, and

recycling

- Adopt preferential purchasing
with suppliers or service
providers that perform carbon
disclosures and have set a
science-based target for
decarbonization

Design plant-forward menus

and diversion programs and retail options

Sampath B, Jensen M, Lenoci-Edwards J, Little K, Singh H, Sherman JD. Reducing Healthcare Carbon Emissions: A Primer on Measures and Actions for Healthcare Organizations to Mitigate Climate Change. (Prepared by Institute for Healthcare Improvement under Contract No. 75Q80122P00007.) AHRQ Publication No. 22-M011.



HFC Propellants in Inhalers Worsen Global Warming

) HFC 134a HFC 227ea**
Metered-dose inhalers
. 1550 GWP* 3600 GWP*
contain hydrofluorocarbon
*100 year time horizon
propella nts — potent **Used to a lesser extent
greenhouse gases that ﬂoba[
. arming
trap heat in the atmosphere Potential
thousands of times more (GWP)
pOWfoUlly than Caben Global Warming Potential (GWP) is a standardization tool
. . used to compare the qlobalyvarmin_g impact of different
dIOXIde. types of GHGs over a fixed time period (usually 100 years). It

measures the amount of energy a given gas will absorb
compared to the equivalent mass of carbon dioxide (CO,),
which has a standardized GWP of 1.

a5 .
: 52&})1}{91';(2 School of Medicine Tirumalsetty et al. JAMA. 2024;332(12):1017-1019.
CASCADES Canada



US healthcare system produced 550 MMT of CO.e
emissions annually vs 30.4 MMT of CO,e for NHS England
in 2020.

Efforts to reduce inhaler-related emissions in the US have
been hindered by a lack of data on carbon emissions
associated with inhalers available in our country.

The

Environmental
|mpact Of We assessed mean emissions and costs and estimated

. total yearly emissions and costs for US brand-name
MDIls in the US

inhalers prescribed to Medicare Part D and Medicaid
beneficiaries.

Medicare Part D and Medicaid account for approximately
40% of US retail prescription drug spending.

Eckelman MJ, et al. Health Care Pollution And Public Health Damage In The United States: An Update. P Stanford School of Medicine
Health Aff Proj Hope. 2020;39(12):2071-2079 MEDICINE
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The Environmental Impact of MDls

e MDIs alone accounted for 1.13 MMT
RESEARCHLETTER CO.,e emissions and 70.2% of inhaler
claims.

CLIMATE CHANGE AND HEALTH

Greenhouse Gas Emissions and Costs * Thisis equivalentto 223,012 US
homes' electricity use for one year

(city the size of Milwaukee).

of Inhaler Devices in the US

JAMA Published online August 29, 2024

* Nearly all inhaler-related emissions
(98.3%) were ascribed to metered-
dose inhalers.

stanford | scnoolofedicine Tirumalasetty et al. JAMA. 2024:332(12):1017-10109.

Ol Fais



RESEARCH LETTER

CLIMATE CHANGE AND HEALTH

Greenhouse Gas Emissions and Costs
of Inhaler Devices in the US

I n h a le rs Presc ri pti O n S JAMA Published online August 29, 2024
and Emissions in the US

* The largest contribution of emissions arose from
short-acting beta agonists.

* Albuterol alone made up 72% of MDI claims.
 Dry-powder inhalers accounted 24.5% of total /‘

inhaler claims.

* Soft-mist inhalers were prescribed the least
(5.2% of total claims).

OO0

1 o

Stanford | school of medicine Tirumalasetty et al JAMA. 2024;332(12):1017-1019. [g] e

MEDICINE



US Metered Dose Inhaler Individual

Emissions

RESEARCH LETTER

CLIMATE CHANGE AND HEALTH

Greenhouse Gas Emissions and Costs
of Inhaler Devices in the US
JAMA Published online August 29, 2024

Table. Estimated Greenhouse Gas Emissions, Costs, and Number of Claims of US Inhalers by Device Class Among Medicare Part D and Medicaid

Beneficiaries in 2022

Estimated Estimated No. of MNo. of
Inhaler brand name (generic name), No. of CO,e per CO,e per Mean Medicare Part Medicare Part Mean Medicaid cost Medicaid
inhalations, medication category inhalation, g inhaler, kg® D cost per claim, $° D claims® per claim, $" claims®
Metered-dose inhaler {(n = 14)
Advair HFA (fluticasone/salmeterol), 120, 170.8 20.5 B608.71 632024 447.40 451414
IC5/LABA
Alvesco (ciclesonide), 60, ICS 180.0 10.8 154.43 215905 416.20 72286
Asmanex HFA (mometasone), 120, ICS 400.0 43.0 287.79 26421 199.58 78250
Atrovent HFA (ipratropium), 200, SAMA 100.0 20.0 571.74 235718 464.75 159 409
Bevespi Aerosphere (glycopyrrolate/formoterol), 148.3 17.8 G544 85 127 443 419.57 33802
120, LAMA/LABA
Breztri Aerosphere (budesonide/glycopyrrolate/ 148.3 17.8 792.09 579924 612.77 57737
formoterol), 120, IC5/LAMA/LABA
Dulera {(mometasonefformoterol), 120, ICS/LABA 400.8 438.1 444 37 231005 331.80 462 616
Flowent HFA (fluticasone), 120, ICS 170.8 20.5 374.31 1126151 263.46 2869136
ProAir HFA (albuterol sulfate), 200, SABA 63.5 127 97.91 § 5832750 B4.15 8791641
Proventil HFA (albuterol sulfate), 200, SABA 49.5 @ 125.13 3651614 891.32 2524937
Symbicort (budesonide/formoterol), 120, 318.3 38.2 526.80 3729724 385.69 1819765
ICS/LABA
QVAR Redihaler (beclomethasone), 120, ICS 138.3 16.6 321.46 150586 246.37 356947
Ventolin HFA (albuterol sulfate), 200, SABA 143.5 28.7 74.12 6535681 62.48 6234078
Xopenex HFA (levalbuterol), 200, SABA 114.0 22.8 103.57 217873 78.09 102 550

Emissions from one Dulera inhaler equivalent to driving 122 miles in a gasoline powered passenger vehicle.

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator



US Dry Powder Inhaler Individual

Emissions

Estimated Estimated No. of No. of
Inhaler brand name (generic name), No. of CO,e per CO.e per Mean Medicare Part Medicare Part Mean Medicaid cost Medicaid
inhalations, medication category inhalation, g inhaler, kg* D cost per claim, $° D claims® per claim, §" claims®
Dry-powder inhaler (n = 19)
Advair Diskus (fluticasone/salmeterol), 60, 15.0 0.5898 581.60 1629000 443.31 842 908
ICS/LABA
AirDuo Digihaler (fluticasone/salmeterol}, 60, 13.2 0.750 546.07 1012 474.12 2046
ICS/LABA
AirDuo RespiClick (fluticasone/salmeteral), 60, 13.2 0.750 409.77 665 414.80 2281
IC5/LABA
Anoro Ellipta (umeclidinium/vilanterol), 30, 26.1 0.784 601.99 1439975 463.28 283984
LAMA/LABA
ArmonAir Digihaler (fluticasone), 60, ICS 13.2 0.790 313.36 244 261.27 198
Arnuity Ellipta (fluticasone), 30, ICS 257 0.771 310.67 285882 224,84 133 874
Asmanex Twisthaler (mometasone), 120, ICS 6.6 0.790 375.14 42 555 243.76 51726
Breo Ellipta (fluticasone/vilanterol), 30, 259 0.776 527.66 2705981 413.19 191 333
ICS/LABA
Duaklir Pressair (aclidinium/formoterol), 60, 13.2 0.790 1136.30 62 924.82 33
LAMA/LABA
Flovent Diskus (fluticasone), 60, ICS 13.9 0.833 333.79 144 378 240.37 79390
Incruse Ellipta (umeclidinium}), 30, LAMA 24.6 0.739 474 33 1051785 371.25 222231
ProAir Digihaler (albuterol sulfate), 200, SABA 4.0 0.790 175.35 2970 166.17 4931
ProAir RespiClick (albuterol sulfate), 200, SABA 4.0 0.790 90.78 87492 74.05 52589
Pulmicort Flexhaler (budesonide), 120, ICS 6.5 0.790 336.81 139233 240.27 84390
Serevent Diskus (salmeterol), 60, LABA 12.2 0.732 631.52 75323 447.06 33462
Spiriva HandiHaler (tiotropium}, 30, LAMA 26.3 0.790 791.99 1181232 552.61 586303
Trelegy Ellipta (fluticasone/umeclidinium/ 26.3 0.790 850.64 3926 585 637.96 400 362
vilanterol), 30, ICS/LAMA/LABA
Tudorza Pressair (aclidinium), 60, LAMA 13.2 0.790 883.29 16444 586.58 10327
Wixela Inhub (fluticasone/salmeterol), 60, 15.0 0.898 298.63 1094 388 172.58 324920

ICS/LABA

RESEARCH LETTER

CLIMATE CHANGE AND HEALTH

Greenhouse Gas Emissions and Costs
of Inhaler Devices in the US

JAMA Published online August 29, 2024

Tirumalasetty et al. JAMA. 2024;332(12):1017-1019.



Putting It All Together

Figure. Claims, Estimated Greenhouse Gas Emissions, and Spending for All Inhalers Filled by Medicare Part D

and Medicaid Beneficiaries in 2022 by Device Class

No. of claims (in millions)
Emissions, CO,e (in MMT)

Spending, % (in billions)

Bl Metered-dose inhaler [ Dry-powder inhaler [ ] Soft-mist inhaler

20 40 60 30
Proportion, %

100

MDIs=70% of claims and 38% of spending

$7.5 billion

$10 billion

RESEARCH LETTER

CLIMATE CHANGE AND HEALTH
Greenhouse Gas Emissions and Costs
of Inhaler Devices in the US

JAMA Published online August 29, 2024

Mumber of claims, estimated
greenhouse gas emissions, and
spending for inhalers by device class
are shown for Medicare Part D and
Medicaid beneficiaries from January
2022 through December 2022.

CO.e indicates carbon dioxide
equivalent; MMT, million metric tons.

DPls=25% of claims and 51% of spending

Tirumalasetty et al. JAMA. 2024;332(12):1017-1019.



Lowering Inhaler-Related Emissions in the US

e Other countries have moved to DPIs
and SMls - in Sweden, only 13% of
inhalers sold are MDls.

* Dry powder Symbicort available in
Europe/Canada but not in US, making
it difficult to implement inhaler
decarbonization in the US while
following GINA guidelines.

* DPIs in US more expensive and often
not preferred under many insurance
plans — exception is generic
fluticasone-salmeterol (Wixela Inhub).

’ \ California

« Janson et al. Thorax. 2019 Nov 7;75(1):82— . .

84 ’ \ Thoracic Society
ATS Chapter Serving California and Arizona



Lowering Inhaler-Related Emissions in the US

* |In those who cannot be on GINA track 1 preferred
treatment — consider DPIs, lower emissions
MDls, and SMls if out-of-pocket cost acceptable.

* Consider DPI albuterol — ProAir Respiclick or
lower emissions albuterol HFA.

* Brand/generic Ventolin HFA has approximately 3
times the emissions of brand/generic Proventil
HFA.

Callforma

’ \ Thoracic Society



The Future of Inhaler Propellants

Next generation propellants with low or “zero” emissions propellants coming.

HFA 152a a new, low global warming potential (LGWP) medical propellant, developed for
Ventolin.

Lower emissions Ventolin (GSK) in phase Ill trials in the US currently.

Aztra Zeneca has completed phase lll trials for LGWP propellant for Breztri in Europe.

Honeywell’s Solstice Air (HFO-1234ze) has 99.9% less GWP than propellants currently used in
inhaled respiratory medicines.

These inhalers will come with new patents on old medications and higher prices!

Stanford School of Medicine
‘ MEDICINE



Initiating Decarbonization Efforts

* Climate health and healthcare sustainability
organizations (Practice GreenHealth, Healthcare
Without Harm, Medical Society Consortium on
Climate and Health).

* Networking and outreach within local/state medical PRk
societies. bit.ly/3EFta

Practice GreenHealth

* Pilot initiatives within your institution — do you have a
sustainability program office? MadicallSociaty
. . o e Consortium on
* Grant funding for sustainability research (AHRQ). Climate and Health

* Partner with experts in other divisions within your
Institution (carbon life cycle engineers).

* Forthose interested in inhaler decarbonization: email z
me to join Clin-AIR (Clinician Action for Inhaler bitly/4hZoCUP
Emissions Reduction, jtsetty@stanford.edu).

California



Climate Crists Opportunity

* Reduce the healthcare sector’s
greenhouse gas emissions.

* Create resilient healthcare systems and
communities that can plan, prepare,
respond, and adapt to climate-related
threats.

* Address the inequitable impacts of
climate change.

* Incorporate climate change education
InNto medical school and GME curricula.

* Educate and prepare your patients on the
effects of climate change on allergies and
asthma.

California Wildflower Bloom
Photo credit: LeWildExplorer.com

Callforma

’ \ Thoracic Society
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Silicosis Among Immigrant
Engineered Stone Countertop
Fabrication Workers in California
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OCCUPATIONAL LUNG DISEASE AND

THE NEW EPIDEMIC OF SILICOSIS IN
CALIFORNIA

Sheiphali Gandhi, MD, MPH
Assistant Professor of Medicine
Divisions of OECM and PCCAS
Director of the California Silicosis Support
and Research Program
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Increased distribution of engineered stone

Figure. Change in US Countertop Demand by Surface Material

Slnce 2000 the Countertop industry has (Compared With 2009 Demand Levels)

1200

moved towards using engineered ool [ s

quartz —resin conglomerate stone - w—— |

* Cheaper production E

e Easier installation/maintenance 400

* 90% silica content (granite 30%, marble e
3%) .

* Smaller particulates (<1 micron in dry T s 2014 i:;f 2024 2029
cuttin g ) Current and projected US countertop demands were calculated based on

publicly available countertop sales information from the Freedonia Group,’
based on square footage of annual countertop sales. The dashed lines represent
projected change in demand.

Data source: U.S. International Trade Commission.



Artificial stone

* Composite material: crushed quartz (SiO,) bound
together with polymer resins, pigment, glass, and other
additives

* AKA: engineered, agglomerate, quartzite

* Brand names: Silestone, Caesarstone, Cambria,

Consentino
Average %
Stone Silica
_Engineered stone 293
Quartzite 95
Quartzitic sandstone 90
Sandstone 60
Granite 10-45
Slate Varies
Sources: Siica Hazards from Enginesred Stone Countertops, NIOSH _Soapstone Varies

Science Blog, March 2014; ASTM C616, Standard Specification for
Quartz-Based Dimension Stone; American Geological Institute, Dictionary
of Geological Terms



Processing Stone

Highest exposure in workers operating
powered hand tools

* Saws, grinders, polishers

Occurs in shop environments or where
finishing work is completed

Less exposure where stone is manufactured AN
but risk still present ((

. | B

Wet cutting, localized vacuum, and half-face
respirators decrease risk

\ o4 Photo Credit: NIOSH
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Global Emergence of Engineered Stone associated Silicosis

(Headquarters of

Cambria)

Spain: >105 cases

(headquarters of
Consentino)

Israel: >300 cases
(22 lung
transplants)

Reported 2012
(headquarters of
Caesarstone)

China: >1000 cases
Reported 2024

Many local brands

Australia: 218 cases/1054
screened (August 2023)



Sentinel California Case Identification Timeline

CDPH
identifies
case

2004 <«

» 2013 2014 2017 2018 January
Employed at stone countertop Diagnosed with Worsening ) :anui\ry: In(iligible for 2019
fabrication shop silicosis symptoms and lung ung transpiant
. » September: Dies of
function

accelerated silicosis

Slide Credit: Amy Heinzerling MD



DC Centers for Disease Control and Prevention

CDC 24/7: Saving Lives, Protecting People™

Morbidity and Mortality Weekly Report (MMWR)

Severe Silicosis in Engineered Stone Fabrication

Workers — California, Colorado, Texas, and
Washington, 2017-2019

Weekly / September 27, 2019 / 68(38);813-818

Cecile Rose, MD™2*; Amy Heinzerling, MD34%; Ketki Patel, MD, PhD?; Coralynn Sack, MD®&7; Jenna Wolff'; Lauren Zell-
Baran, MPH'#; David Weissman, MD®, Emily Hall, MPH?; Robbie Sooriash, MD?; Ronda B. McCarthy, MD'%; Heidi Bojes,
PhD>; Brian Korotzer, MD''; Jennifer Flattery, MPH?; Justine Lew Weinberg, MSEHS?%; Joshua Potocko, MD'3; Kirk D.
Jones, MD'; Carolyn K. Reeb-Whitaker, MS'>; Nicholas K. Reul, MD®"'%, Claire R. LaSee, MPH, MSW'>; Barbara L.
Materna, PhD?; Ganesh Raghu, MD®; Robert Harrison, MD3 (VIEW AUTHOR AFFILIATIONS)
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Methods

e Cases identified 2019- 2022

» Statewide hospital-based patient discharge data,
report to CDPH, cases identified following OSHA
investigation

* Data collection

* Interviews of patients and/or next-of-kin AND
medical record review

* Data:
* Demographics/occupational history
* Clinical findings and comorbidities
* Healthcare utilization
* Clinical Outcomes




Cases, No.

25+ N

20+

52

15

o=
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year of diagnosis



=

=

=

ndocumented
ninsured
nprotected

COUNTRY OF ORIGIN

Central America, Other

other
10%

El Salvador__|
27%

2%

Mexico
61%

Table 3. Health Care Utilization of Patients With Engineered

Stone-Associated Silicosis

Health care utilization characteristic
(No. with data available)

Overall (n = 52),
No. (%)

Health insurance (52)

—> Uninsured or self-pay
—> Restricted-scope Medi-Cal

Full-scope Medi-Cal

Private insurance

Medicare

Workers' compensation
Location of initial presentation (52)

—> Emergency department

Outpatient clinic

Medical surveillance
Emergency department (52)

Ever visited emergency department (52)

No. of emergency department visits (42), median (IQR)
Hospitalization (51)

Ever hospitalized for breathing

No. of times hospitalized (31), median (IQR)

Cumulative hospital length of stay per patient (30),
median (IQR), d

10 (19)
20 (38)
7 (13)
8 (15)
0 (0)

7 (13)

25 (48)
19 (37)
8 (15)

42 (82)
2.50 (1.00-4)

31 (61)
2.0 (1-3.5)
9.5 (4.3-19.8)




Significant symptoms at presentation

Presenting symptoms (52)

Asymptomatic 7 (13)

Shortness of breath 45 (87)
Cough 38 (73)
Chest/back pain 25 (48)
Weight loss 18 (35)
Fevers 10 (19)
Wheezing 8 (15)

Pneumothorax 5(10)



Present with advanced disease

15% fatal and counting....

Source: Fazio JC et al. Epidemic of silicosis among immigrant engineered stone (quartz) countertop fabrication workers in California. JAMA IM, July 24,2023



* Chronic = after 10+ years, lower concentrations

* Accelerated = after 5-10 years, higher concentrations

* Acute = after weeks to years, highest concentrations




Fibrotic interstitial lung disease resulting from occupational inhalation of respirable
crystalline silica

owome | hcelemted | Aate

Moderate-low exposure High exposure High exposure

15-20 years after first exposure 5-10 years after exposure Weeks to years

Asymptomatic Asymptomatic Rapid onset dyspnea, cough, weight
Cough and sputum production Cough, dyspnea on exertion loss, fatigue, fever

Innumerable centrilobular nodules, = Same as chronic silicosis Bilateral ggos, centrilobular nodular
predominantly in upper lungs, opacities, calcifications,
emphysematous changes, calcified lymphadenopathy

lymph nodes

Can develop progressive massive fibrosis Poor prognosis, <4 years




E‘ Axial view of early simple silicosis Coronal view of early simple silicosis




CT with Progressive Massive Fibrosis

Micronodular pattern,
upper lobe predominant,
with areas of
consolidation with
calcification, and
mediastinal and hilar
lymphadenopathy.



Misdiagnosis and Lack of Occupational
History Taking

Delayed diagnosis (52)

Initial delay in diagnosis 30 (58)

Time to correct diagnosis, median (IQR), mo 3 (0-8) Cross-section of notes

Alternative initial diagnosis (30) from 2002
Pulmonary tuberculosis 8(27) « Occupational history only
Nontuberculous mycobacterial infection 3(10) taken 27.8% admissions
Sarcoidosis 2(7)
Asthma 2(7)
Bacterial pneumonia 9(30)

Other 6 (20)



Comorbid conditions

Comorbidities (52)
Autoimmune disease
Myositis
Rheumatoid arthritis
Systemic sclerosis or CREST syndrome
Nontuberculous mycobacterial infection
History of active pulmonary TB
Other lung disease (COPD/asthma)

6(12)
1(2)
4 (8)
1(2)
5(10)
1(2)
2(4)



Comorbid conditions

Comorbidities (52)

Autoimmune disease 6(12)
Myositis 1(2)
Rheumatoid arthritis 4 (8)
Systemic sclerosis or CREST syndrome 1(2)

Nontuberculous mycobacterial infection 5(10)

History of active pulmonary TB 1(2)

Other lung disease (COPD/asthma) 2 (4)

* Autoimmunity

* Rheumatoid arthritis (OR = 1.94,
PMID: 33651342)

e Systemic sclerosis

e 37.5-86% of males with systemic
sclerosis report silica exposure (PMID:
26186806)

« Vasculitis (ANCA OR 2.5, PMID:
23820041)

e Can occur WITHOUT silicosis

* Silica is an adjuvant on antibody
production and potentiates and
immune response to an antigen.



Comorbid conditions

Comorbidities (52)

Autoimmune disease 6(12)
Myositis 1(2)
Rheumatoid arthritis 4 (8)
Systemic sclerosis or CREST syndrome 1(2)

Nontuberculous mycobacterial infection 5(10)

History of active pulmonary TB 1(2)

Other lung disease (COPD/asthma) 2 (4)

e Tuberculosis (PMID 34016067)
 With Silicosis: RR 4.01
e Without silicosis: RR 1.92

* Non-tuberculous mycobacteria
(NTM)

* Increasing odds with more severe
radiographic disease

* OR 1.82 ---> 7.58 (PMID: 31163598)



Occupational history

— Years of work in engineered stone industry (51), 15 (10-20)
median (IQR)

= n docu me ntEd Continued working after diagnosis (52)
JN | nSsu red Still working 25 (48)

Not working 18 (35)

Unprotected Cinkriown 9(18)

==l Engineering controls: water suppression methods (51) 23 (45)

m Respirator use (47)
»” <

Sometimes 35(74)

Always 12 (26)
Type of respirator (37)

N-95 33 (89)

Half-face respirator 17 (46)

Full-face respirator 2(5)
No. of employees in workshop (35)

<10 17 (49)

10-50 17 (49)

>50 1 (2)

Source: Fazio JC et al. Epidemic of silicosis among immigrant engineered stone (quartz) countertop fabrication workers in California. JAMA IM, July 24, 2023



Public health follow up

Employer screening of

43 e

Ca
Wit

ifo

N C

mployees in
‘nia screened

nest X-ray and
PFT

it

Heinzerling, et al. AJRCCM. 2021;203(6):764-6.

12%



Public health follow up

Screening of 544 ?
employees in Australia s8 299,

screened with CT
Chest m

Hoy RF, et al. Occup Environ Med 2023;0:1-8.



How many cases are there?

Stone fabrication:
> 10,000 establishments
>100,000 workers

12.000+
workers






o IN 201%, O5HA REDUCED THE PEL OF RESPIRABLE CRYSTALLINE
2 O 1 6 S | | | Ca R u | e SILICA AVERAGED OVER AN BE-HOUR SHIFT BY 5k,
PRE-2016 2016
Lower exposure limit for
respirable crystalline silica

AL = 25 pg/m?3 and PEL = 50

ug/m3
Exposure monitoring

Specified exposure controls,
including respirators

250 micrograms) 50 microgramsf

cubie mirtor of Al cubic matar of alr

Medical surveillance




Medical Surveillance

At baseline and every 3 years

California now requires CT Scan for engineered stone
workers

Exam also includes spirometry and TB testing



CPM25s
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.

- (mfc?og;,?ig :l:'lligpneter < 2.5um (microns)in diameter

SILICOSIS

90 um (microns) in diameter
FINE BEACH SAND

Dust in alveoli




Why are masks insufficient?



w Hlerarchy of Controls

effective
Physically remove
the hazard
; - Replace
y. Isolate people from
the hazard
Controls ‘peOple work
Protect the worker with
Personal Protective Equipment
Least

effective






Chest X-ray vs CT
Scan

* Two Australian case series (PMID:
31407419, 33115923)

* 35-43% of fabricators with silicosis
had normal chest X-ray but abnormal
CT scan
* |talian case series (PMID: 32352423)
* Those with abnormal CT scans
* 42% Chest X-rays were abnormal
* 33% of spirometry were abnormal



~ Case courtesy of Hani Makky Al Salam, Radiopaedia.org, rID:
= 40250






Spirometry vs Diffusion Capacity .

= 6
* [talian case series (PMID: 32352423) 59 4l \F‘i
e Of those with abnormal CT scans 33% had 2 \\FEF?#,»'
abnormal spirometry : > 0 e e e
* 50% had abnormal diffusion capacity §< jk J
* Coal miners " Lg%,
* 9% of coal miners with normal FEV1, had &Q
abnormal DLCO Y
* As radiology gets worse, the diffusion gets worse )
too

Almberg et al., “Relationship Between Radiographic Disease,
Spirometry Findings, and Diffusion Capacity in a Population of Former
U.S. Coal Miners.” Am J Respir Crit Care Med 2023;207:A4363



How to get
screened?

* Employer required to pay for screening

* Surasi et al, no Californian employers had paid for
medical screening following questionnaire from
OSHA Special Emphasis Panel in 2019

* Currently assessing updated uptake by new
OSHA program

* Many workers are being screened by lawyers and
referred to medical centers or presenting to
primary care providers for screening




Current Medical Screening Limitations

e CT scans and diffusion capacity more sensitive tests than current
requirements

* Medical screening requirements need an update
* Need to make medical screening readily available



Updates on the California
Outbreak
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N =215

e At least 12 workers have died

* 26 have received lung transplants
(18 within the last 1 year)

251

204

[
w
1

Cases, No.

=
o
1

w
1

— 1

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Year of diagnosis 2023 2024

o




N =251

* At least 15 workers have died
* 29 have received lung transplants
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Advocating for
change




Physician
reporting

Media/
Lawmaker
attention

Regulation




SILICOSIS IN U.5. COUNTERTOP WORKEI

Young men making
facing lung damage
action
‘W

— .

T
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L.A. County Supervisors
. June was “Silicosis Take Initial Steps Toward
Awareness Month” in LA a Ban on Artificial-Stone

County Countertops
g ° I—A County - DPH to Work by Jim Morris and Kim Krisber
CO mimun Ity with community Juyne 6,2023 )
outreach workers to visit
din d shops in Pacoima area to o 0

make recommendations
to LA County Board of

OUtreaCh Directors

* Meeting with State
Representatives to
discuss options from
regulation to bans

Governmental

iictavn Revace (man7alar 27 hac 3 cavare race nf cilirncic from



W E M A Calitornia state

EDUCATION / ADVOCACY | EQUITY efforts

CALIFORNIA | NEVADA | HAWAII | UTAH | ARIZONA

 CDPH
* Surveillance
* Research
ve Thompson « WOEMA:
OSHA Standards Board * Emergency
Temporary Standard
on and Board Members: * Drafting Legislation
e State
o . congresswoman
urge the Cal/OSHA Standards Board to consider adopting an Luz%{ivas
ird to control the hazards of airborne silica dust in shops tha + Cal/OSHA: Special Emphasis

-also known as artificial stone. We are concerned that the ci Program
for the control of silica hazards (8 CCR 5204) is insufficiently

and believe that the current standard should be strengthene

s detailed below




Jury Awards $52.4M 1n Case Against Artificial-
Stone Countertop Makers

by Jim Morris August 8, 2024 0 @ @ e

In the first case of its type to go to
trial in the United States, a Los

ONE-TIME MONTHLY ANNUALLY

Angeles County jury handed = il Donation amount
down a $52.4 million verdict . 5 15
Wednesday against three / Your contribution is appreciated.

artificial-stone countertop <
manufacturers sued by a -~ e ;

fabrication worker who TR |
developed the lung disease & b LATEST STORIES

silicosis. ”w We can’t fix health care if we’re not
= : talking about it




Summary

* Engineered stone fabrication is toxic and causes a severe progressive
lung disease called silicosis

 Affects a high-risk workforce of immigrant workers

* PPE is insufficient to control level of exposure

* CT scans are more sensitive than chest x-rays to identify early disease
* Advocate for increased regulation
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ILO B-read

* Pneumoconiosis classification system

* Small opacities rated on
* Profusion (0-3)
* Size
* Small round: Size p (<1.5 mm), : 1/0 or greater
g (1.5-3mm), r (3-10mm) ¢ B 2

* Irregular small: s (<1.5mm), t
(1.5-3mm), or u (3-10 mm)

| Normal: OO or 0/1

* Large opacities (any opacity >1 cm)

* A (<5cm), B(5-RUL size), C (larger
than B)




Thyroid Cartilag

Cricoid Cartilage Iﬁ?gtniﬂwsaw
Upper Lobe
Trachea Bronchus

Upper Lobe

Right Primary Lower Lobe

Bronchus Bronchus
Upper Lobe

Middle Lobe or Lobe

Lower Lobe

Notch for Left Lobe

Right Lobe
9 the Heart



ICOERD classification

* 4-point categories
e Grade rounds and irregular opacities
in lungs
* Also grades emphysema and ground
glass (aka hazy) opacities

* By lung zones

e Similar interobserver differences
to ILO classification
(PMID: 25810444)
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Patient takes a deep breath
and blows as hard as possible
inte tube :

Technician monitors
and encourages
patient during test
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Capillary
natwork
argund

Tarminal alveolus

branchiole

Respiratory

bronchicle

Tk

Diffusion Capacity

The diffusing capacity is a measurement of
the rate of transfer of gas from the alveolus
(air sac) to hemoglobin/blood.

AIVEQIal LUCL Lorinectled
to Bronchiole

Airflow (in/out)

~—— Alveolar Epithelium

Alveolar Air Space

Pulmonary Surfactant

Diffusion of CO>

Blood Flow

Capillary Wall



New GINA Guidelines:
What You Need to Know

Reika Miyokawa, MD
Santa Clara Valley Medical Center
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WHAT IS ASTHMA?

Chronic airway inflammation and hyper-responsiveness,
leading to...

1) Respiratory symptoms that vary over time and in intensity

2) Variable expiratory airflow limitation

California
Thoracic Society

ATS Chapter Serving California and Arizona
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WHAT IS ASTHMA?

Chronic airway inflammation and hyper-responsiveness,
leading to...

1) Respiratory symptoms that vary over time and in intensity

2) Variable expiratory airflow limitation

* Prevalence: >260 million worldwide
* 500,000 asthma related deaths/year

California




ASTHMA IS A HETEROGENOUS DISEASE

Phenotypes:
* Allergic vs non-allergic

* |Inflammatory biomarkers: Type 2 high vs Type 2 low
(aka non-type 2)

* Time of onset: early vs late
* Asthma with persistent airflow limitation
Asthma with obesity

AN

"~
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WHO IS GINA?

* Established by WHO and National
Heart, Lung, and Blood Institute

* Aim: “increase awareness about
asthma and provide scientific
evidence to improve worldwide
asthma care”

* Global Strategy for Asthma
Management and Prevention (aka
GINA report) published annually

’ \ California
’ \ Thoracic Society
ATS Chapter Serving California and Arizona



DIAGNOSIS & ASSESSMENT

’ Callfornla
’ \ Thorac1c Soc1ety



DIAGNOSING ASTHMA

1) Typical variable symptoms

AND

2) Confirmation of variable expiratory flow limitation
Any of:
* (+) bronchodilator responsiveness

° T in FEV1 or FVC by 212% and 2200 mL from baseline
OR

° 1 in PEF by 220% (new in 2024)
* Excessive diurnal PEF variability over 2 weeks
* Improvement in lung function post-4 weeks of ICS use
* (+) positive bronchial challenge test
* Excessive lung function variation between visits

| FEV1/FVC no longer part of criteria (except for during bronchial challenge tests)

AN

California
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ASTHMA SEVERITY

Assessed retrospectively!

* Mild asthma: well controlled with low intensity treatment (steps 1-2)

* Moderate asthma: well controlled with treatment steps 3-4

* Severe asthma: uncontrolled despite optimized treatment on high dose
ICS-LABA, or requires high dose ICS-LABA to prevent uncontrolled
symptoms

California




WHAT'S NEW IN STEP-UP THERAPY

Callfornla
’ \ Thorac1c Soc1ety



TREATMENT GOALS

* Long term symptom control
°* Few or no symptoms

* No sleep interruptions from
asthma

* No asthma related limitations
on physical activity

* | asthma related risks
* No exacerbations
* I lung function
* J systemic steroid use

e ( side effects from asthma
related medications

Confirmation of diagnosis if necessary

Symptom control & modifiable
risk factors (see Box 2-2)

Comorbidities
Inhaler technique & adherence

Patient (and parent/caregiver) preferences
and goals

Symptoms
Exacerbations
Side-effects
Lung function
Comorbidities

Patient (and parent/
caregiver) satisfaction

Treatment of modifiable risk factors
and comorbidities

Non-pharmacological strategies
Asthma medications including ICS
Education & skills training, action plan

GINA Report 2024

California
Thoracic Society

ATS Chapter Serving California and Arizona
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TRADITIONAL TREATMENT STRATEGIES

_________________l Diagnosis

STEP 1 THERAPY: : Symptom control & risk factors
| - Sx <2x/mon, no exacerbation RF | Uncllidiog kmo:incton)
I - SABA prn, no maintenance med |

Inhaler technique & adherence
I Patient preference

Symptoms
Exacerbations
Side-effects Asthma medications
Patient satisfaction Non-pharmacological strategies
Lung function Treat modifiable risk factors
PREFERRED || STEP 1
CONTROLLER
CHOICE
Low dose ICS
Other |Consider fow: Leukotriene receptor antagonists (LTRA)
controller | doselCS Low dose theophylline*
options
; . As-needed SABA or
- = 2=
RELIEVER As-needed short-acting beta2-agonist (SABA) low dose 1CS/formoterol®

GINA Report 2018

/

*Not for children <12 years

**For children 6-11 years, the
preferred Step 3 treatment is
medium dose ICS

#For patients prescribed
BDP/formoterol or BUD/
formoterol maintenance and
reliever therapy

T Tiotropium by mist inhaler is
an add-on treatment for
patients 212 years with a
history of exacerbations

California
Thoracic Society

ATS Chapter Serving California and Arizona




TRADITIONAL TREATMENT STRATEGIES

| STEP 1 THERAPY: |
I - Sx <2x/mon, no exacerbation RF I
I - SABA prn, no maintenance med |

| STEP 2 THERAPY: :
I- Sx >2x/mon or exacerbation RF
; - Low dose ICS maintenance +

Diagnosis

Symptom control & risk factors
(including lung function)

Inhaler technique & adherence
Patient preference

Symptoms

Exacerbations

Side-effects Asthma medications

Patient satisfaction Non-pharmacological strategies
Lung function Treat modifiable risk factors

P

1 SABA prn
L e e o o o o e e e e = - : -
____________ PREFERRED | STEP STEP 2

r 7 CONTROLLER \d
| STEP 3 THERAPY: b e /
Fo> ' : ow dose ICS
: >1 exacerbation/year : =
|~ LOW dose ICS/ LABA Iﬁ Consider low Leukotriene receptor antagonists (LTRA) H

i troll dose ICS Low dose theophylline* _
| maintenance + I ootone Cuma
I SABA prn or ICS/LABA prn | ey
| e o e e o e e e - RELIEVER As-needed short-acting beta2-agonist (SABA) s fieeaer SAUA T

GINA Report 2018

/

*Not for children <12 years

**For children 6-11 years, the
preferred Step 3 treatment is
medium dose ICS

#For patients prescribed
BDP/formoterol or BUD/
formoterol maintenance and
reliever therapy

T Tiotropium by mist inhaler is
an add-on treatment for
patients 212 years with a
history of exacerbations

N
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UPDATES IN GINA 2019

Personalised asthma management

ﬁdults & adolescents 12+ years Confirmation of diagnosis if necessary
Symplom control & modifiable

risk factors fincluding fung function)
Comorbidities

Inhaler technigue & adherence
Patlent goals

Personalized asthma management:

Assess, Adjust, Review response See 2019 GINA Severe

Asthma Pocket Guide
for more details about
Steps 4-5

Symptoms
A holistic approach | Exacerbations

- not just symptom | Side-effects

control Lung function
Patient satisfaction

Treatment of modifiable risk
factors & comorbidities
Non-pharmacological strafegies

!CS-Conla!nlng controller Asthma medication options: Eg::};mﬂ;::”"g
llAI R” is recommended across Adjust treatment up and down for
all severities to reduce individual patient needs
exacerbation risk N i I'steP 2
™ PREFERRED P STEP 1 _
CONTROLLER : Daily low dose inhaled corticosteroid (ICS),

to prevent exacerbations As-needed or as-needed low dose |CS-formoterol *
. . . B and control symptoms  : low dose : - :
Preferred” and "other’ I :

h ] : ICS-formoterol
options are provided at - ——— Other  Lowdose ICS | Leukotrine rece, ptor antagonist (LTRA), or Maintenance OCS is
each step, based on controfler options : taken whenever | low dose ICS taken whenever SABA taken t not a preferred option
evidence i SABA is takent at Step 5 because of
—_— — . P — serious side-effects
PREFERRED : As-needed low dose ICS-formoterol * : ! R ST A
RELIEVER : prescribed maintenance and reliever therapy]
R ] As-needed short-acting B, -agonist (SABA) “" RT ”
* Off-label; data only with budesonide-formoteral (bud-form) 1 Low-dose ICS-form is the reliever for patients prescribet
1 Ofi-label; separate or combination ICS and SABA inhalers bud-form or BDP-form maintenance and reliever thorapy

# Consider adding HDM SLIT for sensitized patients with
allergic rhinitis and FEV >70% predicted

N

SABA is not a preferred reliever
because of the risks of SABA-only
treatment, including if adherence is poor

California
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WHY NOT SABA PRN?

MICSCONCEPTION: infrequent symptoms means low risk for
morbidity/mortality

* “Mild asthma” consists of:
— 30% of acute asthma exacerbations
— 16% of near fatal asthma
— 15% of fatal asthma

Regular use of SABA alone leads to:

* ( in bronchodilator response

* /M airway hyper-responsiveness and exercise induced bronchoconstriction
* /> allergic response

* /M eosinophilic inflammation

California




HOW ABOUT DAILY ICS?

Regular ICS use found to have:
* @ hospitalizations and asthma related deaths
* l insevere exacerbations by 50%

* T QOL
But...

Only 25-35% of prescribed daily ICS were being used

Barriers to daily ICS use:

* Physician and patient concern for side effects

* Regular use of SABA prn without ICS in hospital settings
* Lack of perceived necessity

* Cost

California




ICS-FORMOTEROL PRN
SYGMA 1 TRIAL (2018):

—— Terbutaline as needed = —— Budesonide—formoterol as needed = —— Budesonide maintenance
(N=1277) (N=1277) (N=1282)
A Severe Exacerbation
1.00 0.25— Budesonide—formoterol vs. terbutaline, P<0.001
'S Budesonide—formoterol vs. budesonide, P=0.52
i )
S 0.20- 1,
§ 0.754 .
o o prn terbutaline +BiBplacebo
>
v 0.10
- BID bude$$Aide 200 ug + prn terbutaline
S
0.05- e .
T prn budesonide 200 pg /
[T
15) ong, Ph.D,
E 0.254 0.00+ T T | | | | | | | | | | | &9@3\@@!‘0' 6 IJ.g
:‘.: 0 4 8 12 16 20 24 28 32 36 40 44 48 52 ' '
3 - _ + BID placebo
E /
0.00+ T = T T T T T T T T T T T
0 4 8 12 16 20 24 28 32 36 40 44 48 52
Weeks
No. at Risk
Terbutaline as needed 1277 1237 1190 1153 1131 1102 1084 1067 1038 1024 1017 987 977 731
Budesonide—formoterol as needed 1277 1258 1235 1218 1207 1179 1172 1159 1138 1127 1119 1097 1086 822 . .
Budesonide maintenance 1282 1264 1238 1226 1201 1172 1159 1150 1136 1123 1110 1088 1076 811 ’ California

Thoracic Society

ATS Chapter Serving California and Arizona

dical Society
ide—formoterol as needed in mild asthma. New England Journal of Medicine, 378(20), 1865—1876.




ICS-FORMOTEROL PRN
SYGMA 1 TRIAL (2018):

—— Budesonide—formoterol as needed
(N=1277)

—— Budesonide maintenance
(N=1282)

—— Terbutaline as needed
(N=1277)

A Severe Exacerbation

1.00 0.25— Budesonide—formoterol vs. terbutaline, P<0.001
'S Budesonide—formoterol vs. budesonide, P=0.52
®
e 0.20
]
S 0.75
v 0.154
]
>
v 0.10
S 0.50- ’
b0
£
= 0.05- L
I
Y
15)
E 0.254 0.00+ T T T T T T T T T T T T T
s 0 4 8 12 16 20 24 28 32 36 40 44 48 52
3
e — -
* /—

0.00+ T = T T T T T T T T T T T

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Weeks

No. at Risk

Terbutaline as needed
Budesonide—formoterol as needed
Budesonide maintenance

1102 1084 1067 1038 1024 1017 987 977 731
1179 1172 1159 1138 1127 1119 1097 1086 822
1172 1159 1150 1136 1123 1110 1088 1076 811

1277 1237 1190 1153 1131
1277 1258 1235 1218 1207
1282 1264 1238 1226 1201

dical Society
ide—formoterol as needed in mild asthma. New England Journal of Medicine, 378(20), 1865—1876.

Rate of severe exacerbation:
 prn SABA: 0.2/year

* prn ICS-formoterol:
0.07/year

* BIDICS: 0.09/year

California
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ICS-FORMOTEROL PRN

SYGMA 1 TRIAL (2018):

In patients with mild asthma...

* prn ICS-LABA is superior to prn SABA alone in prevention of severe
exacerbations

* prn ICS-LABA is not inferior to BID ICS in preventing mod-severe
exacerbations (but is inferior in achieving well controlled asthma)

* prn ICS-LABA group used 1/5 of the median ICS dose compared to BID ICS
group

GINA 2019: adolescents/adults with “mild asthma” should NOT be treated
with prn SABA alone, and instead should receive ICS containing treatment as
either reliever or maintenance therapy

California




MORE ON ICS-FORMOTEROL PRN

Low dose ICS-formoterol prn therapy
leads to...

*  severe exacerbations requiring
systemic steroids compared to SABA prn

* U ED visits and hospital admissions
compared to SABA prn

* Non-inferior for severe exacerbations
compared to maintenance ICS

* | average ICS dose compared to
maintenance low dose ICS

ORIGINAL ARTICLE

Controlled Trial of Budesonide—Formoterol
as Needed for Mild Asthma

Richard Beasley, D.Sc., Mark Holliday, B.Sc., Helen K. Reddel, Ph.D.,
Irene Braithwaite, Ph.D., Stefan Ebmeier, B.M., B.Ch., Robert J. Hancox, M.D.,
Tim Harrison, M.D., Claire Houghton, B.M., B.S., Karen Oldfield, M.B., Ch.B.,
Alberto Papi, M.D., lan D. Pavord, F.Med.Sci., Mathew Williams, Dip.Ex.Sci.,

and Mark Weatherall, F.R.A.C.P., for the Novel START Study Team*

Budesonide-formoterol reliever therapy versus maintenance
budesonide plus terbutaline reliever therapy in adults with
mild to moderate asthma (PRACTICAL): a 52-week, open-label,
multicentre, superiority, randomised controlled trial

Jo Hardy*, Christina Baggott*, James Fingleton, Helen K Reddel, Robert | Hancox, Matire Harwood, Andrew Corin, Jenny Sparks, Daniela Hall,

Dofiah Sabbagh, Saras Mane, Alexandra Vohlidkova, John Martindale, Mathew Williams, Philippa Shirtcliffe, Mark Holliday, Mark Weatherall,
Richard Beasley, on behalf of the PRACTICAL study teamt
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GINA 2024

GINA 2024 — Adults & adolescents g;nngg;ﬁggn of chaprosia Foaooasesy
12+ years risk factors (see Box 2-2)

Comorbidities
Inhaler technique & adherence
Patient preferences and goals

Personalized asthma management
Assess, Adjust, Review

for individual patient needs
Symptoms

Exacerbations

f;'gf'em Treatment of modifiable risk factors
g function d comorbiditi

Comorbidities = h fs ical i

Patient satisfaction Non-pharmacological strategies

Asthma medications including ICS (as below)
Education & skills training

TRACK 1: PREFERRED
CONTROLLER and RELIEVER
Using ICS-formoterol as the
reliever* reduces the risk of
exacerbations compared with
using a SABA reliever, and is a

simblor e RELIEVER: As-needed low-dose ICS-formoterol* S

asthma guide

TRACK 2: Alternative
CONTROLLER and RELIEVER
Before considering a regimen

with SABA reliever, check if the
patient is likely to adhere to daily
controller treatment

RELIEVER: As-needed ICS-SABA*, or as-needed SABA

Other controller options (limited Medium dose ICS. or Add LAMA or add LTRA Add azithromycin (adults) or

PRI : Low dose ICS whenever SABA taken®, . add LTRA'. As last resort
indications, or less evidence for or daily LTRAY, or add HDM SLIT zdgﬁ;.rmr, or add giﬁ’;’g‘:%m or switch Corsiter accteitlow
efficacy or safety — see text) ks ol OCS but consider side-effects

*Anti-inflammatory reliever; Tadvise about risk of neuropsychiatric adverse effects

’ California
’ Thoracic Society

ATS Chapter Serving California and Arizona




GINA 2024

GINA 2024 — Adults & adolescents

12+ years

Personalized asthma management
Assess, Adjust, Review
for individual patient needs

Addition of 2 tracks

TRACK 1: PREFERRED
CONTROLLER and RELIEVER
Using ICS-formoterol as the
reliever* reduces the risk of
exacerbations compared with
using a SABA reliever, and is a
simpler regimen

Confirmation of diagnosis if necessary
Symftom control & modifiable

risk factors (see Box 2-2)
Comorbidities

Inhaler technique & adherence
Patient preferences and goals

Symptoms

Exacerbations

fl’f'eﬂ’fﬁg.sm Treatment of modifiable risk factors
c orr? orbidities and comorbidities

Patient satisfaction Non-pharmacological strategies

Asthma medications including ICS (as below)
Education & skills training

Steps 1 & 2 combined

| Straight to MART if:

| - daily sx

| - active smoking

| - low lung function

| - recent severe exacerbation

| - prior life-threatening exacerbation
| - severe hyper-responsiveness

| - active seasonal/allergic trigger

| exposure

RELIEVER: As-needed low-dose |ICS-formoterol*

See GINA
severe

TRACK 2: Alternative
CONTROLLER and RELIEVER
Before considering a regimen

with SABA reliever, check if the
patient is likely to adhere to daily
controller treatment

AIR therapy across all steps

asthma guide

Other controller options (limited
indications, or less evidence for
efficacy or safety — see text)

*Anti-inflammatory reliever; Tadvise about risk of neuropsychiatric adverse effects

STEP 3  Mediumthigh dose
STEP 1 Lowdose il I ICS-LABA, + anti-igE,
Take ICS w ‘maintenance ICS ICSLARA anti-IL5/5R, anti-IL4Ra,
'SABA taken™ anti-TSLP
I RELIEVER: As-needed ICS-SABA®, or as-needed SABA I
: | Add azithromycin (adults) or
Low dose ICS whenever SABA taken”, Medium dose ICS, or i ki me add LTRA'. As last resort
7 add LTRA', or add or add HDM SLIT, or switch : :
or daily LTRA', or add HDM SLIT HDM SLIT fo high dose ICS-only consider adding low dose
| OCS but consider side-effects

’ ‘ California
’ \ Thoracic Society
ATS Chapter Serving California and Arizona




ICS-FORMOTEROL IN THE UNITED STATES

Available formularies:
e Budesonide-formoterol

* Mometasone-formoterol

Neither are FDA approved for use as AIR therapy

Callfornla
Thorac1c Soc1ety

ATS Chapter Serving Califor

AN




ICS-ALBUTEROL AS AIR THERAPY

* BUDESONIDE-ALBUTEROL:
FDA approved 1/2023 as
the first combination rescue
inhaler for asthma

* MANDALA (6/2022):

* Budesonide (160ug)-

Albuterol 180 pug i :
albuterol prn reduced — T e ik !

severe asthma Papb Aipdi.
exacerbation risk in mod- Budesonide
severe asthma compared 160ug/albuterol 180 pg

to albuterol prn

*Budesonide-albuterol CANNOT be used as MART

, ’ California

tion rescue inhaler for asthma. New England Journal of Medicine, 386(22), 2071-2083.




GINA 2024: OTHER UPDATES
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OTHER UPDATES FROM GINA 2024

Add-on therapies

* Immunotherapy (SCIT, SLIT): consider in allergic asthma
- ICS and systemic steroid use, > QOL, 1 lung function
- Should be initiated after good asthma control is achieved

* Pulmonary rehabilitation: consider in those with low exercise capacity or
persistent airflow limitation

- I QOL, 1 exercise capacity

California




Thank you!
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diseases

Praveen Akuthota, MD

University of California San Diego

The role of Th2 inflammation in airways

California
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Disclosures

* | have the following relationships with ACCME defined ineligible
companies:

AstraZeneca, Connect Biopharma, Sanofi, Regeneron,
GlaxoSmithKline, Amgen, Vida Ventures, Enveda

* | WILL discuss off-label use and/or investigational use of any
drugs or devices.
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Environmental triggers ~===g»- Barrier damage ===  Type 2 inflammatory responses
| | |
| | | |

Type 2
Inflammation in
Airways Disease:
More Than Just
Asthma?

Kolhir P et al, Nature Reviews
Drug Discovery 2023




Polverino et al, ERJ, 2024

Type 2

Inflammation
in COPD
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Sputum Eosinophilia
as a Predictor of
Treatment
Response to OCS in

COPD

Brightling C et al, Lancet,
2000

FEV,
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Blood Eosinophil Counts in COPD

Kolum et al, ERJ 2019

p<0.0001 p<0.0001
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Type 2 Inflammation and Lung Function
Decline in Obstructive Airways Disease
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FeNO (ppb)
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Colak Y et al, Thorax 20124
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Marginal rates Rate ratio

{treatment, placebo) {95% Cl)
Pooled GALATHEA and 1-20,1-20 —l— 1.00(0-88-1.13)
TERRANOVA data 1.05,1:20 SR w— 0-88 (0.77-0-99) * *
Previous exacerbations E O S I n O h I l—
<2 0-95, 0-91 —— 105 (0-90-1-23)
091, 091 — 1-00 (0-85-1-17)
23 1.80,2.09 —_— 0-86 (0-71-1.04) L4
“ %5 Targetin
Posthronchodilator FEV,
<40% PN 1-43, 1-60 S — - 0-90(0-76-1-06)

1.22,1-60 —_— 0-76 (0-64-0.91)

° ° °
=40% PN 1.02, 0-94 —— 1-09 (0-91-1-30)
0-93,.094 b 0-99(0-83-118)

Postbronchodilator response

<15% 117,111 — 106 {(-91-1-23)
1-09,1-11 —— 098 (0-84-1-14)
=15% 1-25, 1-43 — 0-87 (0-71-1-07) ( :O P D
096,143 & 0-67 (0-54-0-83)
Background medications*
Dual 088,089 a 0-98(0-79-1.23)
0-92,0-89 & 1-03 (0-82-1.28)
Triple 140,139 ——— 101 (0-87-117)
m— yi— o Criner GJ et al, Lancet Resp
{0 08 1.6
® Benralizomab HDWUEWwpIaceﬁo +— —> Med 2020

& Benralizumab 100 mg Q8W vs placebo Favours treatment Favours placebo




Dupilumab for COPD with Elevated Eosinophil

Counts: BOREAS

Bhatt et al, NEJM 2023

A Cumulative Moderate or Severe COPD Exacerbations
1.0+
0.9
0.8
0.7

0.5
0.4 1
0.3+ -

0.2 V.1

0.1+ /r"

Cumulative Mean No. of Events

0.6 - /__//

Placebo |
“1

Dupilumab

0.0 == T T

Week
Mo. at Risk

1 1

T T T T T T T T
0O 4 8 12 16 20 24 28 32 36 40 44 48 52

Placebo 471 470 466 461 457 457 456 451 451 449 445 447 44] 437
Dupilumab 468 467 465 464 462 460 458 457 456 454 451 450 448 437

B Prebronchodilator FEV,

0,32
E 0.28-
% 0.244 Dupilumab
- 0.20-
s
'-Q--L 'F G.IE‘_ Jfr
o k= | o
:::E:_ 0.12 ; L T
& Mt [
= 0.044 /1 1 | 1 L I
@ Placebo
E G.GG:.'-
k| -0.04-
—G.Dg T T T T f}y | T T 1
Base-2 4 3 12 24 36 44 52
line Week
Mo. of Patients
with Data
Placebo 471 455 459 439 439 435 415 404 420
Dupilumab 467 457 454 446 449 443 415 410 426




A Moderate or Severe COPD Exacerbations
1.0+
0.59=

':"3"; F'Iacr:l:-n’_/"r.f

0.74 i

" ”

D_E,_.: ,_’/AP-’/—'
0.54 -
0.4 1 r’r{. Dupilumab
0.3
0.2+
0.14

e

D04= T T T T T T T T T T T T
Base- 4 g8 12 16 20 24 28 32 36 40 44 43 52

line Week

Cumulative Mean No. of Events

Mo. at Risk

[ ]
Du pllu I I b for Placebo 465 464 458 453 453 448 430 415 403 394 384 368 351 303

Dupilumab 469 464 464 464 460 455 435 424 408 395 385 370 154 344

[ ]
‘ : O P D W I t h B Time to First Moderate or Severe COPD Exacerbation

1.0+4

Elevated i

Eosinophil : o -
Counts: ==

D-z_.. e ..._'

0.1- /

D"D_ T T L T T T T T T T T T T
Base- 4 8 12 16 20 24 328 32 36 40 44 48 52

line Week

Mo. at Risk
Flacebo 465 442 414 378 355 339 319 301 282 262 248 232 211 149
Dupilumab 470 448 433 416 391 377 352 325 304 28B4 270 258 236 176

Bhatt et al, NEJM 2024



Guan et al. JACI:IP, 2023

The Potential

Pathogenic
Role of
Eosinophils in
Non-CF
Bronchiectasis

Pathogens and allergens Pathogen/allergen sensitization/infections
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Long M et al, Lancet
Resp Med, 2024

Bronchiectasis

as an
Inflammatory
Disease
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Exacerbation Reduction in Severe Eosinophilic

! . : Bendien et al, JACI:IP, 2023
Asthma with Concurrent Bronchiectasis

P<0.001 P<0.001 P<0.001
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Allergic Bronchopulmonary Chatterjee P et al, J Fung,
Aspergillosis in Cystic Fibrosis

2024
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ic) All-cause Survival based on T2 Inflammation

(B) non-T2 CF Signature among adults with CF
p Lifatime FEV/FVC percent | 100 Log-rank p=.013 y p e
. HEES I
20 4 : B 0.75 °
LWl | Inflammation
X : 5 sy
0 L 2 0.50
S
]

s p =.00045

an i

Mumber of Participants

_T2CF
o
as a Predictor

20

L III - 19 25 30 35 40 45 50 55 60 ° °

L&
ol —H . : ._ Time (Years)
40 60 80 100 T2 Signature —~ Nen-T2CF — T2CF

Al Risk (Events)
187(0) 124(5) 81(8) ST(13) <4015 20018 T(IF) S0E 5019

Value: !Interquartile Range | Median  3M6(0) 242 (20) 153 (30) 104 (53) 74 (SB) 54 (60) 3IS(65) 23(88) 13 (8G)
4] HEMT (E) Non-HEMT < : I

T2 Signature: I non-T2 CF @ T2 CF

% 1 200%

£ 100%

S 100%
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- - " Cook DP et al, Allergy, 2024
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IL-13 levels In Fevi (%) vs Sputum 113
Sputum are
Correlated
Inversely with

FEV1 in CF

Danelle Leverone and Jeff Barry, 0.0 0.5 10 15 2.0 25 3.0
presented at ATS 2024,
unpublished

IL-13 Sputum




The Impact of Biologics
Tell Us About the Relative
Importance of Different
Inflammatory Pathways
in Disease:

e.g. "Eosinophil Knockout
Humans”

Non—type 2 inflammation
Neutrophils  Bcells

“—.‘FI:.P irumab I Newutralize
esdizumab Wi IL-5

s ®

y
\.
u
Limmilm"% ﬁ’fﬂeﬂralizumab
3 i s

IL-5R )mu:c

ILC1/3 NKcells & 9
Sl

Th1/17 Mast calls
i1 Basophils
DCs Eosinophils '@ @
Chincnic rhincsinusitis with nasal polyposis
{nonseasinophilicy
Chronic rhinosinusitis without nasal polyposis
{nonseasinophilic)

Chronic obstructive pulmonary diseasa
(noneasinoprhilicy |

Meutrophilic asthma

Eosinophilic
Tasciitis

EGID: Eosinophilic colitis

Ubcerative colitis
Crohn's disease

o Fosinophilic granulomatosis with
= polyangiitis (ANCA-positive)

* HES-FIPIL1-PDGFRA-negative

Evidence targeting sosinophils s beneficlak (3 Strong

e e e e,
Eosinophil depletion
0% — T O

Blood Tissue
Mepolzumab s
Reslzumab s 1
Bonralumab  sees  —
Lirentelimab s o—

Type 2 inflammation
Ecsinophils B cells
ILC2s NEK cells
Thz Mast cells
M2 Basophils
DCs Meutrophils

3 Chronic rhinosinusitis with nasal polyposis
[easinophilic)
4 Chronic rhinosinusitis without nasal polyposis
[ecsinophilic)
Severe egsinophilic asthma
Allergic bronchopulmaonary aspergiliosis
Chironic cbstructive pulmonary disease
(eosinophibo)
Chronic essinophilic pneurmonia
s Alopic darmatitis
2 Chronic spontaneous urticaria
3 Bullous permphigosd,
eosinaphilic cellulitis
5 EGID: Eosinophilic esophagitis
2 EGID: Eosinophilic gastroanbarits
3 EGID: Eosinophilic gastritis

Eosinophilic granulomatosis with
polvangiilis (ANCA-negativa)

§ HES-FIPIL1-PDGFRA-negative
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Update on the Role of Biologics in
Asthma and Atopic Disease

Monica Tang, MD
UCSF
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Outline

The use of biologics in asthma

The use of biologics in atopic
disease

The novel use of biologics




Asthma Biologics
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Original Article
A comparison of the effectiveness of biologic therapies for asthma
A systematic review and network meta-analysis

Tyler Pitre, MD, MA*; Tanvir Jassal, BASc'; Albi Angjeli, BHSc'; Vineeth Jarabana, BHSc';
Sricherry Nannapaneni, BHSc"; Ayesha Umair, BHSc'; Muizz Hussain, BHSc!!:

Gareth Leung, BHSc, MSc”; Sarah Kirsh, BSc'; Johnny Su, MD*; Kairavi Desai, BMSc!!:
Jade Coyne, MD*#: Sindu Mohan, MD*#; Dena Zeraatkar, PhD'**'

Eosinophilic:
ALL biologics
reduce
exacerbations

Non-Eosinophilic:

NO biologics
reduce

Relative nisk

Network estimates versus placebo with 95% CI
Blood eosinophils 2 300 cells/ul
Astegolimab —a— 068[ 033, 1.38)
Benralizumab E = 051041, 063)
Dupilumab - 032[ 024, 042)
Fevipiprant —- 0.81[ 0,60, 1.10)
Mepolizumab . 052[ 0.43, 064)
Omalizumab - - 052(037, 0.72)
Reslizumab —— 0.51[ 0.34, 066
Tezepelumab - 030( 021, 043)
Tralokinumab - 0.85( 062, 1.18)
Heterogeneity I’ = 37 5%
Blood eosinophils < 300 cells/ul
Astegolimab — 0.73[ 0.40, 1.34)
Benralizumab — - 069046, 1.04)
Dupilumab —— 0.76[ 053, 1.09)
Omalizumal . 098] 059, 163]
Reslizumab 178 061, 518
Tezepelumab —— 062[ 042, 0.92)
Tralokinumab —a— 082050, 1.34)

Y

Random-effects REML model



Efficacy in Asthma

GRADE

High certalniy I Dafinively more beneficlal than standard care

Maoderate certainty

Low certainty

Vary low certainty

Drug
Eosinophils
Baseline risk

MCID/MID

Tezepelumab

Dupilumak

Mepolizumakh

Reslizumab

Benralizumahb

Omalizumakb

Probably more beneficial than standard cars
May be more beneficial than standard care

We are very uncertain

Asthma exacerbations
=300 = 300
470 per 1000

20%

1739
(-2773 to0 -23.5)%

=112.8
(-225.6t0 51.7)%

-211.5
(-258.5 to -
155.1)¢
3713
-230.3 (-18% to
(-Z8Z to-1645)%  Z002.2)7+t
-230.3
{-277.3to- -145.7
173.9% (-263.2 to 37.6)%
-225.6 G4
(-296.1 to - (-192.7 to
131.6)4 206,17

. Definitely more harmful than standard care
Probably more harmful than standard care

May be more harmiul than standard care

Definitely no different than standard care
Probably oo different than standard care

May be no different than standard care

W are very uncertain 'We are very uncertain
ACD) FEV1 (L) Hospital admissions Corticosteroid sparing
=300 = 300 =300 = 300 NA NA
NA A 137 per T000 560 per 1000
=[5 &1L 58 20%
0.4 -0.23
(-0.61 to - (-0.36t0 - 0.1 11097 33.6
0.19%% 0.09) (0to019)] (-12056to0-94.530¢ (-72.8 to 16877
-0.73 =02
(-0.98 to - (=042 to 0.1 727 274.4
048 0.02) (0 to L2 (-124.67 to -4.11)% (1232 to 464.8)1
=33 0.49 0.1
{-0.51to - {0.01 to (004 to 3416
0.15)% 0.97)% 0.15)% {39.2 to TE9.6)%
-0.28 01z 0.09
(-0.44to- {-0.09 to {-0.04 to 128.8
0.11) 0.33) 0.22)Y (-84 to 436.8)7
0.3 -L23 014 .04
[-0.44 to - (=041 to - {0.11 to (-0,05 to -17.81 431.2
0.1&) 0.06) 018 0.13)% (-+1.1 to 10.96) (162.4 to BOO.EE
-L25 0.09 -Hd. 94 1792
{-0.5 to 0.01)3* (0,02 to 0.16)3* (-105.49 to -47.95)% (84 to 285.6)%

Adverse events
leading to discont.

19 per 1000
1%

-f.08
(-12.54 to 6.65)

0.57
(-10.26 to 24.7)

6,65
(-12.16 to 3.04)

-6.65
(-11.21 to 0.38)

1235
(-3.99 to 46.55)

3B - .

;oentOrNia and Arizona



Reduction of daily maintenance inhaled corticosteroids in A

patients with severe eosinophilic asthma treated with 1 @
benralizumab (SHAMAL): a randomised, multicentre, open- s
label, phase 4 study i
David | Jackson, Liam G Heaney, Marc Humbert, Brian D Kent, Anat Shavit, Lina Hiljemark, Lynda Olinger, David Cohen, Andrew Menzies-Gow, % =
Stephanie Korn, on behalf of the SHAMAL Investigators* 3
E 40
Phase 4, randomized, open label, acfive- I 7
controlled study . ) »
n :208, RO ndo m |y GSSig ned (3: ‘| ) .I.O Any reduction Medium dose Low dose Antfi:!;:l;r:ﬂg::;ory
reduce or continue their ICS-formoterol. "
200+ —a— Treatment reduction (125)
92% reduced their dose, most to as ol e

needed only.

100+

However, those who reduced their dose
had a decline in FEV1 (especially on
anfi-inflammartory reliever therapy only).

-50 -

-100

FEV, mean change from baseline (mL)

-150 -

-200 T T T | | T 1
Baseline Week B Week16  Week24  Week32  Week 40  Week 48

Treatment 104 102 97 92 89 93 92
reduction (n)
Reference (n) 36 33 34 31 31 32 29
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Are We Ready for Asthma Remission as a Clinical
Outcome?

Njira L. Lugogo, MD = Arjun Mohan, MD 2 = e Praveen Akuthota, MD = Simon Couillard, MD «
Sarah Rhoads, MD « Michael E. Wechsler, MD, MMsc

Criteria for Remission | enralizumat  Tezep i) Multiple Biologies

2021 2022° 2022° 2022" 2023° 2022 2022° 2022’ 2022
QUEST TRAVERSE SIROCCOY  AMDHI AL MAVIGATOR REDES CHROMICLE Danesh Ragistry
Phase 3 QLE CALINMA Phase 3b Phase 3
Phase 3
i ACC-5 Majority =
™ Abgemes o A5 ACO-E ACCHE < 1B ALI0-8
— - ap iz < 15" =15ar 1 pab ACT =20 {50%:) ACT ACQ =156
- symploms  and ) =15 =15 or = 0.75 ar < 0.75 ACT = 16 =15 . op
Pre-BD
Optimized! Post-BD FEV,pp = B0%
slabilized lung Post-B0 FEV, Fra-B D Fra-BD OF
function and FEV = 80% FEV, FEV, Mot Pre-BD FEV, Mot Mot Post-BD
3 m;fp OR prea- inocrease  increase included = 20% from includad includisd FEV,pp = 80%
i BD FEV, z100mL =100 mL bassling;
= 100 mL FEW1 = 5% of
bagseline™*
¥ = Mo exacerbations: ¥ v ¥ v v v v v ¥
=2 no OCS
|3
Prevalance of clinical ! i ; i ET
R ) 31.7% 36.4% 26.3% 28.7% 43% 14%- 2B.5% 7% 35% 195




Biologic

Omalizumab

Disease Characteristics

Allergic disease
Childhood onset

Predictors of response/treatment success in asthmao

Biomarkers

Blood eosinophil = 250 cells/ul
FeNO = 20 ppb

Frequent exacerbations
Lower maintenance OCS dose

CRSWNP Serum periostin = 50 ng/mL
Severe disease High sputum IL-13
Lower FEV1 VOC:s, Plasma lipid biomarkers
Mepolizumab | Lower BMI Baseline blood eosinophil count
Later age of onset High sputum eosinophils
CRSWNP Breakthrough exacerbations due to high FeNO or high CRP (infections)

Reslizumab

CRSWNP

Blood eosinophil 2 400 cells/uL

Benralizumalb

CRSwWNP

Frequent exacerbations
OCS dependent
FEV1<65%

Baseline blood eosinophil count

Blood eosinophils

Dupilumab

Older age

Blood eosinophil = 150-300 cells/uL FeNO

FeNO = 25-50 ppb

IgE > 157 IU/mL

Tezepelumab

Higher baseline blood eosinophils
Higher baseline FeNO

Overall

Childhood onset

Fewer exacerbations
Poor asthma control
Not OCS dependent

Better clinical response with controlled airway eosinophils (may be
discordant with blood and may be distinct eosinophil subpopulations)

rnia

sthma: a state-of-the-art review. Eur Respir Rev. 2025 Jan 8;34(175):240088. doi:

CID: PMC11707604.

o \§ Thoracic Society




Targeting mucus plugs
Biologic Study

Benralizumab
2023
Case series (n=12)

Dupilumab Svenningsen et al. AJRCCM 2023

Tezepelumab  Nordenmark et al. NEJM Evid 2023

Sakai et al. Int Arch Allergy Immunol

. p =0.045
L
e ®
L ]
s o
e® ©

(o]

o

Outcome
154 80+
p < 0.001 —
=2
-] =
g = 604
O 10+ .
= £
= W oAn
= a 40
g F
5_
=]
3 £ 204
= a
w
0 T » 0
a Pre Post b
Difference: 4
{95% Cl-Two-1),P=0018
-1102)
BT &3
= .\..__\___ & 0_/-:}
Ig 15 :-__\ ] ;_,g
@ :‘:.;’}f;z o o
2 B
'_
o | N\
G‘\x.
wkl  wk16  wk0  wk16
n=13 n=13 n= A= 10
Tezepelumab 210 mg Q4W
13 [ |
10
E oo
A
T
- 4a
g a 2
= . -
24 is *l

T T
>50% =50%

Tin FEV1 and ACQ-6
1120Xe ventilation MRI

ECP (ng/mL)

100+

80+

60+

40+

204

p=0.048

o

Og¢g

F

>50% =50%

Tcorrelated with pre-BD FEV1 and air

trapping

Tcorrelated with blood eosinophil, FeNO,

plasma and BAL EDN

Baseline EOT



Blologic use In other
atopic disorders




Which biologics are approved for additional indicationse

Target Indication
Omalizumab | IgE Chronic urticaria
Xolair Nasal polyps
Food allergy
Mepolizumab | IL-5 EGPA
Nucala HES
Nasal polyps
Reslizumab IL-5
Cinqair
Benralizumab | IL-5R EGPA
Fasenra
Dupilumab IL-4Ra Atopic dermatitis
Dupixent (IL4/1L13) | Nasal polyps
Eosinophilic esophagitis
Prurigo nodularis
Eosinophilic COPD
Tezepelumab | TSLP
Tezspire

California

’ § Thoracic Society

ATS Chapter Serving California and Arizona




Eosinophilic COPD — Dupilumab (2024)

Biologic

Study

n

Inclusion

FEV1 (L) QOL Symptoms
SGRQ >4 E-RS-COPD
BOREAS | 939 0.70 0.08 1.4 -1.1 Similar
» Blood eos >300 cells/uL | (0.58, 086) (0.04, 0.13) (1.1-1.9) (-1.8, -0.4)
e | Notus Tess | T R e 0.66 0.06 1.2 0.6 Similar
q2wk despite ICS/LABA/LAMA (0.54, 0.82) (0.01, 0.11) (0.9, 1.6) (-1.4,0.2)
Pooled 1847 | « Chronic bronchitis sx 0.69 0.08 1.3 -0.9 Similar
(0.60, 0.79) (0.05, 0.11) (1.1, 1.6) (-1.4, -0.4)

Note that studies are ongoing with anti-IL5/IL5R/anti-TSLP therapy as initial studies
had less stringent selection criteria for an eosinophilic phenotype and did not
demonstrate as consistent an effect in all outcomes.

Eosinophilic esophagifis — Dupilumalb (2022)

Dupilumab
300 mg gwk

Dellon et al. NEJM 2022 DSQ -12.32 (-19.11, -5.54)

DSQ -9,.92 (-14.81, -5.02)

55 (40-71)
54 (41-66)



EGPA - Mepolizumab (2017) and Benralizumalb (2024)

Biologic Study Remission Relapse Complete AEs
BVAS 0 prednisone
Pred <4 mg/d withdrawal

Mepolizumab 300 mg g4wk MIRRA (n=136) 32% 56% 18% Any 97% vs 94%

NEJM 2017 Serious 18% vs 26%

Systemic reaction 6% vs 1%

Mepolizumab 300 mg g4wk LAP (n=100) 6% asthma 3% d/c due to AEs

JACI 2024 3% EGPA

Safety extension
Mepolizumab 300 mg g4wk 56% 30% 26% Any 96%, serious 13%
MANDARA (n=140)

Benralizumab 30 mg g4wk NEJM 2024 58% 30% 41% Any 90%, serious 6%

Efficacy in hypereosinophilic syndrome

Mepolizumab 300 mg g4wk HES Mepolizumab 0.28 (0.12-.0.64) Similar
Phase Il (n=108)



CRSWNP - Dupilumab (2019), Omalizumab (2020), and
mepolizumab (2021)

Patient-important outcomes Surrogate outcomes
Symptoms Rescue Adverse Masal CT score
VAS events polyp size LME
{0=10cm) (0-8) {0-24)

“Dupilumab

Omalizumab
{=11. 54, -2.-43}

¥ : m
Mepolizumab -12.89 .13 -10.23 —12-33 |
(-16.58, -5.1%) (.07, B.19) (-15.98, -2.88) {-15.56, -7.22) |
R L6 BR 141 |
! (0.5, 01 .

Benralizumab -T.68 1,95 -9.91
(-12,09, -3.27) (102,488 | (-16.30, -0.96)
R 0ER

{045, 0.7}

Reslizumab

AKO01

Etokimab

ASA
Desensitization

(-14.51,-6.71)

Classification of intervention [mlnur}“ . . Ertnjnty {sha,di“
i hfmuderme solid)

California
Thoracic Society

ATS Chapter Serving California and Arizona

gnardello-Petersen R, Chu DK. Comparative efficacy and safety of monoclonal antibodies and aspirin
olyposis: A systematic review and network meta-analysis. J Allergy Clin Immunol. 2022
9. Epub 2021 Sep 17. PMID: 34543652.




Eczema — Dupilumab (2017), Tralokinumalb (2021), Lebrikizumal
(2024), Nemolizumalb (2024)

Astegolimal
Henralicumaly
Drupilumals 20ihmg GIW L
iStandard Dose) (5,18 10 -388)
Fieakimumals
=352
S (-1 133 o 3.68)
Lebrikizwmah 250mg (IW - i -6 14 -3 =159 382
(Standard Doss) =12.306 10 -5 84) A48 1o -2, T 32t 1.2 -1 -1A18) [-5.85 w0 -2.51)
=348
Mepalizuiiials -840 1 2,93)
. =340 =477 =16 -1.TH -85
T 7,36 1o 0,52 (7,24 10 -2.33) (288 10-1.44) 5 -1.16) 3,40 1o 0 41
-1h51
s 3.8 10 2,51
-2.13
Terepelaimak (6.9 10 2. 65)
Trabokinumate Wiz (2 045 o 44T - ELE 234
i standard Dose) 37T to -3.58) 1,50 o ns (- 1,36 o 0,45) 3,20 1o -1.51
Lspekinmmak

Law 16 very bow cerfainly evilemce
Pixzavhly ammone the maost @lTeclive
Prmsibl miermedizsie

California
Thoracic Society

titis (eczema): Systematic review and network meta-analysis of randomized trials. J Allergy Clin '
ATS Chapter Serving California and Arizona

j.jaci.2023.08.029. Epub 2023 Sep 9. PMID: 37678577.




Chronic urticaria — Omalizumalb (2014)

Biologic Symptom score Complete response

(UAS7=0)

Omalizumab Zhao et al. WIS -5.72 (-6.65, -4.79) 4.55 (3.33, 6.23) Similar
150-300 mg g4wks JACI 2016 WWS -6.18 (-7.24, -5.11)

Food Allergy — Omalizumalb (2025)

Omalizumab OUTMATCH 60% (47-70) consumed >600 Similar, no SAE
Based on IgE and weight Phase lll (n=118) mg peanut

’ ‘ California

o \§ Thoracic Society



Blologics coming
soon...

’ Callfornla
’ \ ;I;Srggtraajc §oc1ety




Preventing Asthma in High Risk Kids (PARK])

Hypothesis: Early blockade of IgE and IgE mediated responses with omalizumalb
will prevent the development and reduce the severity of asthma in those at high
risk for developing asthma

Randomized, multicenter, DBPC Trial in 250 allergic
wheezing toddlers who are at high risk for developing Co-
established asthma Primary

QOutcom

_ Treatment -
Screening/ _ Anti-IgE or
Eligibility Run-in Placebo Observation

1 month Years 1 & 2

yedl Yy a

Health Outcomes
Wheezing, Rhinitis, Food Allergy
Mechanistics




Treating eosinophilic exacerbations of asthma and COPD
with benralizumab (ABRA): a double-blind, double-dummy,

active placebo-controlled randomised trial

Sanjay Romakrishran, Rickard E K Russet], Hafiz & Maohmood, Karoling Krassowska, James Mefhorn, Christine Musasuku, ton O Pavord,

Lowrn Bermejo-5Sanchez, fmron Howell, Mahdi Mahdi, Stefon Peterson, Thomas Bengtsson, Mono Bafadhe!

1538 randomised
% ¥ v
53 allocated to prednisolone 53 allocated to benralizumab 52 allocated to benralizemab
only group (PRED) anly group (BENRA) plus prednisclone group
(BENRA plus PRED)
PRED Pooled-BENRA

(n=53) (n=105)
Treatment failure at 90
days
(Death, Admission, & (7475, w7 L9,
Retreatment)

026 (0-13 to 0-56)

OR (95%Cl) e 00005
Change in total VAS 103 152

symptoms at day 28

(75 to 132) (131 to 173)

Least-square mean
difference

49 (14 to 84)
P=0.0065

AN
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Novel asthma treatments

Novelty Therapies

Ultra-long-acting Depemokimab — anti-IL-5 gémo
Verekitug — anti-ISLPR gémo, currently in Phase |l frials (VALIANT),
estimated completion 11/2026

Combined Lunsekimig — anti-IL-13/anti-TSLP, currently in Phase Il frial
(AIRCULES/AIRLYMPUS), estimated completion 11/2027

AZD4604 - JAK1 inhibitor, currently in Phase llib trial (AJAX),
estimated completion 09/2025

Frevecitinb — pan-JAK inhibitor

Early trials are ongoing, but challenges include high levels of
protease in the lungs which may degrade inhaled therapy and
difficulty tfranslating from preclinical animal to clinical human
models

Inhaled

’ California
ma treatments: Advancing beyond approved novel step-up therapies for asthma. Ann Allergy Asthma . .
024.09.016. Epub 2024 Oct 10. PMID: 39393433. ’ \ Th‘?rac‘? ‘SO(;JetX



(A)

Type 2 Inflammation

Respiratory Epithelial Cells ®

a @ ° m. X
) L]
LIGHT -5 ° ¢~ —a
g .“ 2 ; ..'a:-
< dLas — =

Quisovalimab

Astegolimab
‘_‘-N‘\’

ST2

1

GATA3 DNAzyme Amlitelimab

Lunsekimig
CCR4

FLX193 /\

RPT193
Mogamulizumab

IL-4, IL-5,
IL-13

Fevipiprant Rilzabrutinib IL-13
GB001 O
Tofacitinib
brvakingt Itacitinib e
masitinib -
Membrane lgE)k
Mast Cell />” ch
Activation Quilizumab ik
'

*

Tralokinumab

o Airway hyper-  |ncreased Increased
Lebrikizumab

responsiveness  nitric oxide mucus
; production production

-

c‘ " . s - "e o

T . A L - -

Histamine, , » .

leukotriene « |
release 2

MCT

024.09.016. Epub 2024 Oct 10. PMID: 39393433.

Itepekimab
Tozorakimab

\

ma treatments: Advancing beyond approved novel step-up therapies for asthma. Ann Allergy Asthma

Irritants/Pollutants  Allergens Viruses  Antigens

=== — == " Smooth muscle

-

Cavosonstat Brodalumab

Astegolimab

Tofacitinib _—

Itacitinib g

Depemokimab
Dexpramipexole

CCR3

—£

o N }
Eosinophi

A

.
\‘ . Eosinophil Granules-

Fevipiprant a

GB001 :

]
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(B) Non-Type 2 Inflammation
Irritants/Pollutants  Allergens  Viruses  Antigens

Respiratory Epithelial Cells

L]
¢ a0
“ 9 e — —— '
® IL-3.3 f——— ltepekimab B ST smooth muscle
T2y IL-25 Tozorakimab IL17RA

Quisovalimab Astegolimab I

(4 TSP~ -|—

Lunsekimig
Cavosonstat Brodalumab

Verekitug

Amlitelimab

Tofacitinib
Itacitinib

Broncho-Vaxom _'J '

TLR9 agonist

Increased mucus  Airway Eti%?gm

Neutrophil duict =)
production hypersensitivity :
recruitment responsiveness |

Thoracic Society

ATS Chapter Serving California and Arizona

ma treatments: Advancing beyond approved novel step-up therapies for asthma. Ann Allergy Asthma I\
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Summary

The use of biologics have advanced a goal of asthma treatment to potentially
achieve remission

Biologics can be used in other diseases driven by type 2 inflammation, pathology
may matter more than disease.



Targeting Clinical Remissio

When Treating Asthm
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Overall Position

Remission has In asthma, “remission” Asth i
has historically been used sthma control is

I?ng tb eentg gcz[il & ‘ to describe spontaneous ‘ the current long-
r(:]a m.end.ln other B M — term asthma
chronic diseases activity (for example, treatment goal

during adolescence)
( ‘ However, biologic treatments targeting
specific pathways now allow for greater

asthma control

Treatment-induced asthma remission
is a realistic goal and should be
targeted as such

Gy |



Terminology

« Asthma control: Current symptom control plus risk of future adverse outcomes
Box 2-2. GINA assessment of asthma control at clinical visits in adults, adolescents and children 6-11 years

A. Recent asthma symptom control (but also ask the patient/caregiver about the whole period since last review#)

Well Partly Uncontrolled

In the past 4 weeks, has the patient had: controlled  contiolied

¢ Daytime asthma symptoms more than twice/week? YesO NolO

* Any night waking due to asthma? Yes[ No[d None of 1-2 of 3-4 of
e SABA” reliever for symptoms more than twice/week? Yes[ Nol these these these
¢ Any activity limitation due to asthma? YesO No[OI

B. Risk factors for poor asthma outcomes

Assess risk factors at diagnosis and periodically, particularly for patients experiencing exacerbations.

Measure FEV1 at start of treatment, after 3—6 months of ICS-containing treatment to record the patient’s personal best
lung function, then periodically for ongoing risk assessment.

Clinical remission: No asthma symptoms, no exacerbations, optimization/stabilization of lung

function

- Complete (pathophysiological) remission: No asthma symptoms, no exacerbations, normal lung
function, resolution of asthma-related inflammation and/or negative bronchial hyperresponsiveness

@@ Cse S\ZTS GINA 2024 3



Remission Is Possible

* Questionnaire-based study from Finland

- Patients with early (0-11 years), intermediate (12-39 years), and late (40-69 years) onset
physician-diagnosed asthma

* Remission defined by no asthma symptoms or asthma medication usage for 12 months

— 359 —~ 35—

57 30% g

~ 30 = 30

© o

g 25+ g 25—

S 20+ g 20

S 154 S 154

5 5

'_E 10-‘ E 10-

g 2

S 5+ e 5

& o- U oo — T  — T
0-11 12-39 40-69 0-9 10-19 20-29 30-39 40-49 50-59 60-69

A Age at diagnosis B Age at diagnosis

FIGURE 2. Remission (%) in subjects with physician-diagnosed asthma in groups defined by age at asthma diagnosis. In (A) is shown the
proportion of remission in subjects with early (0-11), intermediate (12-39 years) and late-diagnosed (40-69 years) asthma. In (B) is shown
the proportion of remission in subjects divided into 10-year groups by age at asthma diagnosis.
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Remission is Possible (cont.)

Remission in Recently Diagnosed Remission of Childhood Asthma in
Adult-Onset Asthma' Early Adulthood?

*No asthma symptoms for “FEV1/FVC 2 80%, no
= 1 year and no asthma asthma exacerbations in the
medications for = 1 year prior year, no use of asthma

061344. 5

<C@ Cedars Westerhof GA et al. J Allergy Clin Immunol. 2018 Jan;141(1):104-109.e3. doi: 10.1016/j.]

Sinqi 2Wang et al. J Allergy Clin Immunol. 2019 May;143(5):1752-1759.e6. doi: 10.1016/].jaci.2018.09.038.



Asthma Studies Assessing Remission

Study Terminology Study design Parameters Measures Study Terminology Study design Parameters Measures
Westerhof et al Clinical remission  Prospective, longitudinal ADONIS swdy 2 All measured for =1 year (at 5-year follow-up) Menzies Gow ¢t al  Clinical remission  Post hoc analysis of the SIROCCO, 4 All measured at 6 months and 12 months for
2018y New onset asthma® 1. No asthma symptoms (2022 CALIMA, and ZONDA clinical trials SIROCCO and CALIMA
2. No asthma medication Severe. uncontrolled asthma® 1. No exacerbations
Tupper et al Clinical remission  Danish longitudinal TRAIL study 2 All measured within the last vear Add-on benralizumab and stable dose of 2. No OCS use
(2021)" Asthma diagnosis? 1. No asthma medications background medication’ 3 ACQ-6: <
2. No asthma symptoms (GINA 2017 definition) Or 3. ACQ-6: <0.75 (stringen criteria)
Pavord et al Clinical remission  Past hoc analysis of the LIBERTY 3 All measured at week 24 or week 52 4. Pre-BD Fi 100 mL 1
(2021)" ASTHMA QUEST clinical trial 1. No exacerbations Maglio et al Clinical remission  Retrospective observational study 4 All measured at 6 months and 12 months
Uncontrolled moderate o-severe 2. ACQ-5: <1.5 (20237 Mepolizumab or benralizumab 1. No exacerbations
asthma 3. Post-BD FEV: =80% 2. No OCS use
Add-on dupilumab 3. ACT: >20
Castro et al (2022)"  Clinical remission NAVIGATOR clinical trial 6 Measured at week 52 4. Pre-BD FEV 2 80% predicted
Asthma diagnosis! 1. No exacerbations Brusselle et al Clinical remission — Post e analysis of the observational, 3 Measured a 0, and 104 weeks after
Add-on tezepelumab 2. No OCS use (2023 single-amm, prospective REALITE-A mepolizumab initiation
3 ACQ-6: 75 study 1. No OCS use
4. Pre-BD FI S20% 1) or >80% predicted Severe asthma 2. ACQ-5: <1.5
5. PGI-S: no/minimal/mild/very mild symptoms/|6. Newly prescribed mepolizumab Measured during the 12 months before treatment
CGI-C: much/very much improved and 24-month follow-up period
Pavord ¢t al Clinical remission  Post hoc analysis of the observational 3and 4 3-component ’ 3. No exacerbations
2023y REDES study Measured for 52 weeks Pelaia et al (2023)"  Clinical Retrospective, multicenter. observational 4 All measured at 6 months
Severce uncontrolled cosinophilic asthma 1. No exacerbations study 1. ACT: 220
Add-on mepolizumab Measured at week 52 Ouipatients with severe type 2 asthma 2. FEV; >80% predicted
2. No OCS use Dupilumab 3. No exacerbations
3. ACT: 220 4. No OCS use
4-component Moermans et al Remission Observational study 5 All measured at | year
Measured for 52 weeks (2023 Patients with severe asthma 1. No OCS
1. No exacerbations Mepolizumab or reslizumab 2. No exacerbations
Measured at week 52 3. ACQ: <15, ACT: =19, or both
2. No OCS use 4. FEV ¥ predicted. FEV, =105

©

Cedars

Sinai

3. ACT: 220
4. Post-BD FEV,: >80%

improvement, , or both
. Blood cosinophil count: <300 cells/ul
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How is Asthma Remission Assessed?

Normalization of

Clinical [\ [o) Lung Medication
. . . Asthma
Symptoms exacerbations Function Requirement Pathophysiology
e Duration of « Systemic « Normalization, ¢« Controller « Asthma
sustained corticosteroid stabilization, medication use biomarkers
absence of use or optimization
symptoms of lung * Rescue * Broncho-
 ED visits or function medication use provocation
« \Validated hospitalizations test
instruments
(ACQ, ACT, * Unscheduled » Histology
AIRQ) office visits due
to asthma
 Use of

Missed work or
school days due
to asthma

o |

bronchodilators



Four Possible Levels of Remission

Clinical Remission on Treatment b

Clinical Remission off Treatment

W

Sustained absence of significant asthma symptoms based on
validated instrument, and

For 212 months:

Optimization and stabilization of lung function, and

Patient and HCP agreement regarding disease remission, and

No use of systemic corticosteroid therapy for exacerbation
treatment or long-term disease control

Same criteria maintained without asthma
treatment for 212 months

Complete Remission on Treatment

Complete Remission off Treatment

Clinical remission plus the following:

- Current, objective evidence of the resolution of previously
documented asthma-related inflammation (eg, reduced
blood or sputum eosinophil counts, FENO, and/or other
relevant measures), and

* In appropriate research settings: Current negative bronchial
hyperresponsiveness

Same criteria maintained without asthma
treatment for 212 months

3 Cedars
@O Menzies-Gow A et al. J Allergy Clin Immunol. 2020 Mar;145(3):757-765. doi: 10.1016/j.jaci.2019.12.006. Epub 2019 Dec 19. PMID:-31866436.
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Workgroup Consensus

Consensus of an American College of Allergy, Asthma, and
Immunology, American Academy of Allergy, Asthma, and
Immunology, and American Thoracic Society workgroup on definition
of clinical remission in asthma on treatment

Michael Blaiss, MD*; John Oppenheimer, MD"'; Mark Corbett, MD'; Leonard Bacharier, MD'':

Erick Forno, MD, MPH**; Torie Grant, MD, MHS""; Njira Lugogo, MD!!'l; Kathleen May, MD¥;
Eric Schauberger, DO, PhD**

Asthma Clinical Remission on Treatment Criteria

1. NO exacerbations requiring a physician visit, emergency care, hospitalization, and/or systemic

corticosteroid for asthma

NO missed work or school over a 12-month period due to asthma-related symptoms

Stable and optimized pulmonary function results on all occasions, when measured over a 12-month period,

with 22 measurements during the year

4. Continued use of controller therapies (ICS, ICS/LABA, leukotriene receptor antagonist) ONLY at low-
medium dose of ICS, or less, as defined by most recent GINA strategy

5. ACT>20, AirQ<2, ACQ<0.75 on all occasions measured in the previous 12-month period, with =2
measurements during the year

6. Symptoms requiring 1-time reliever therapy (SABA, ICS-SABA, ICS-LABA) no more than once per month

2.
3.

CCS Cedars
D Sinai Adapted from: Blaiss Met al. Ann Allergy Asthma Immunol. 2023 Dec;131(6):782-785. doi: 10.1016/j.anai.2023.08.609. Epub 2023 Sep 8. PIMID: 37690606. 9



Asthma Therapies Timeline

2016:
Resilizumab

1970s: inhaled |

corticosteroids 2003: 2018:
(ICS) Omalizumab Dupilumab

A

1960s-1970s: 2021:
short-acting Tezepelumab
B, agonist
(SABA) 2017:
1980s: long- Benralizumab
acting
B, agonist
2015:
Cedars (LABA) ;
@@ Sinai Mepolizumab ;
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Biologics and Asthma Remission

Prevent asthma exacerbations, have oral steroid-sparing effects, improve lung function, and

improve symptom control/quality of life

How effective are they at inducing remission?

Criteria for Remission Dupilumab r umab ! Multiple Biologics
2021' 2022° 2022° 2022° 2023° 2022%" 2022° 2022° 2022"
QUEST TRAVERSE SIROCCO/ ANDHI  XALOC-1 NAVIGATOR REDES CHRONICLE Danish Registry
Phase 3 OLE CALIMA  Phase 3b Phase 3
Phase 3
) .  ACQ-8 ACQ-5 4 Majority =
Sphats s ) feas Ay et b ey S ACT220  (50%)ACT  ACQs15
: : or<075 ACT=16 : =20
Pre-BD
Optimized/ Post-BD FEV,pp > 80%
stabilized lung hewien FEY, Pre-BD Pre-BD OR
function and FEV > 80% FEV, FEV, Not Pre-BD FEV, Not Not Post-BD
5 w;zp OR pre- increase  increase included > 20% from included included FEV,pp = 80%
BD FEV, =100mL =100 mL baseline;
> 100 mL FEV1 > 85% of
baselineg**
'L_
(5" No oxacervations: v v v v v v v v
l#-;b no OCS°
:fn‘:::;ﬁe otclinical )i gy 36.4% 26.3%" 28.7% 43% 14%- 28.5%"* 37% 35% 19%

Cedars

Sinai

*Sustained absence of significant asthma symptoms based on validated instrument; "There should be agreement between the HCP and patient regarding symptom
improvement and remission; “No OCS use for exacerbations OR long-term disease control; “In this analysis, exacerbations and OCS use were individually evaluated
ACQ:Asthma Control Questionnaire; ACT, Asthma Control Test; BD, bronchodilator; FEV,, forced expiratory volume in 1 second; HCP, healthcare provider; OCS,

oral corticosteroid; OLE, open-label extension; pp, percent predicted. ~ Includes agreement between physicians and patient assessments of control (clinical global impression
of change CGI-C; Patient Global Impression of Severity)

1. Pavord ID, et al. Poster presented at ACAAI, November 4-8, 2021, New Orleans, LA, USA; 2. Pavord ID, et al. Poster presented at ASCIA, August 30—September

2, 2022, Melbourne, Australia; 3. Menzies-Gow A, et al. Adv Ther 2022,;39:2065-2084; 4. Harrison T, et al. Presented at ATS International Conference,

May 13-18, 2022, San Francisco, CA, USA. Poster 625; 5. Jackson DJ Poster presented at AAAAI 2023 San Antonio TX USA 6. Castro M, et al. Poster presented at ERS,
September 4-6, 2022, Barcelona, Spain; 7. Wechsler, M ERS 2023 Milan, Iltaly (Unpublished) 8. Ribas DC et al. Drugs 2021:81(15):1763-1774.

9. Chipps, B et al. JACI 2022;149:Suppl AB147 10. Hansen S et al ERJ 2022,60:3553

Lugogo NL et al. Chest. 2023 Oct;164(4):831-834. doi: 10.1016/j.chest.2023.04.028. PMID: 37805244; PMCID.



Clinical remission attainment, definitions, and correlates among patients with severe
asthma treated with biologics: a systematic review and meta-analysis Amy Shackleford,
Liam G Heaney, Charlene Redmond, P Jane McDowell, John Busby

In the current analysis, among patients receiving biologics, clinical remission was defined within a
period of 12 consecutive months as the absence of exacerbations and SCS use, at least 50% of
ACT scores of 20 or more points in the latest 6 months, and subspecialist report of asthma control
in the latest 6 months

There were 611 evaluable patients with biologic use for at least 12 months and complete data
(Table I1). At enrollment, the biologics received by these patients were omalizumab (28.2%),
benralizumab (25.7%), mepolizumab (18.7%), dupilumab (12.4%), and reslizumab (2.6%). No
patients included in this analysis received tezepelumab.

The median per-patient duration of biologic use (summed across biologics if more than 1 biologic
was used) was 39.6 months

The median time from biologic initiation to remission was 30.2 months

CC:@%?QG&%S’[ prevalence of remission increased from 22.3% in months 12'to 13 to 34.3% in S

47 to 48.



Adults with controlled (ACQ-5 < 1.5) severe eosinophilic asthma on high dose ICS who had
been initiated on benralizumab

G i



Predictors of Remission

+ Elevated blood eosinophils and FeNO associated with on-treatment remission’

 What about patients without T2-predominant biomarkers?

Achieved Remission*

Did NOT Achieve Remission*

FeNO (ppb)
<25 38.7% 37.1% 39.8% 45% 46.4% 44.5%
25 to <50 28.2% 30.7% 28.5% 27.5% 27.2% 28.6%
=50 33.1% 32.1% 31.7% 27.5% 26.3% 26.9%

Blood Eosinophils

(cells/ul)
<150 19% 19.9% 22% 27.5% 28.1% 26.3%
150 to <300 31% 29.8% 30.7% 35.7% 37.3% 36%
=300 50% 50.4% 47.2% 36.9% 34.6% 37.7%

*Remission defined as an ACQ-6 total score 1.5, stable lung function (pre-BD FEV1 >95% of baseline) and no exacerbations or use of oral corticosteroids

e

IChipps BE et al. J Allergy Clin Immunol Glob. 2024 Oct 30;4(1):100365. doi: 10.1016/j.jacig.2024.100365. PMID: 39659738; PMCID: PME11629328.
Wechsler ME et al. Eur Respir J. 2024 Dec 5;64(6):2400316. doi: 10.1183/13993003.00316-2024. PMID: 39326921; PMCID:PMC11618813.

14




Conclusions

* Paradigm shift in asthma treatment goals is needed

* Studies have shown that asthma remission is possible with use of biologic therapies

* Definition of asthma remission is evolving, but criteria have been proposed

* Therefore, remission can be targeted even as definitions are being validated and refined

* Further research is needed to demonstrate that targeting remission in asthma leads to better
outcomes for patients

€3 Snar-
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Quotes from GINA 2024 FOR ASTHMA

“The concept of clinical remission on
treatment is consistent with the long-
term goal of asthma management
promoted by GINA, to achieve the best
possible long-term asthma outcomes
for each patient”

“Research in patients who have (or have not)
experienced clinical or complete remission of
asthma, either off treatment or on treatment,
provides important opportunities for
understanding ... underlying mechanisms of
asthma, and for developing new approaches to
asthma prevention and management”

@
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Con: Clinical Remission is not
possible In asthma

Nicholas Kenyon, MD, MAD

University of California, Davis
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Con Discussion

1. Is clinical remission possible in asthma@¢
-Yes, as defined

2. Does clinical remission represent a new level of success in managing our
asthma patientse

-Probably not

3. Should this be a focus of our care?
-NoO

California
Thoracic Society

ATS Chapter Serving California and Arizona

AN




Do we know what remission ise

Cancer Remission — “Cancer remission can be partial, complete, or
spontaneous. For cancer to be in remission, a decrease in cancer signs for at
least a month must be observed. Cancers in remission, however, may come
back orrecur.”

Rheumartoid Arthritis Remission — “Rheumatoid arthritis is generally considered a
chronic, lifelong condition... Doctors and people living with RA may both have
remission as a goal. But they might not agree on exactly what remission means
and what it looks like. You may think of remission as freedom from symptomes,
while your doctor will follow a more technical medical definition.”

Callforma
Healthline Media LLC ’ \ Thoracic Society



Clinical remission in asthma

Clinical Remission on Treatment Clinical Remission off Treatment
For 212 months: Same criteria maintained without
» Sustained absence of significant asthma symptoms asthma treatment for 212 months

based on validated instrument, and

+ Optimization and stabilization of lung function, and

+ Patient and HCP agreement regarding disease
remission, and

* No use of systenic corticosteriod therapy for
exacerbation treatment or long-term disease control

Complete Remission on Treatment Complete Remission off Treatment

Clinical remission plus the following: Same criteria maintained without
» Current, objective evidence of the resolution of previously asthma treatment for 212 months
documented asthma-related inflammation (eg, reduced
blood or sputum eosinophil counts, FEno, and/or other
relevant measures), and
* In appropriate research settings: Current negative
bronchial hyperresponsiveness

California
Thoracic Society

ATS Chapter Serving California and Arizona

Menzies Gow et al. JACI 2020 ’ §
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0 weeks

# Inclusion and

exclusion criteria
« Written informed

consent

# Skin prick tests

« ACT
* Blood sample
collection

¢ Fey, measurement

* Spirometry

* Then, first dose of
mepolizumab is

injected

Palacionyte et al Diagnostics 2024
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V2

s

4 weeks * 3 days

« ACT
* Blood sample
collection

* Feyo measurement

* Spirometry

*Then, second dose of

mepolizumab is

injected

Clinical remission and inflammatory biomarkers
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We have managed asthma risk better.

Asthma Hospitalizations: United States, 2010-2020

Note: In October 2015, transitioned from ICD-9-CM code to ICD-10-CM code
800 r 20

~Total number of

_hospitalizations
Rate per 10,000 population

\

Total number of persons in
thousands
W b U

The rate of asthma-related hospitalization declined from 13.0 per 10,000 in 2001 to 2.9 per
10,000 in 2020.
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Asthma exacerbations are fairly persistent.

Asthma Attack Prevalence Among Children and Adults With Current

20 Asthma: United States, 2001-2021

60 Children aged 0-17 years

& Adults aged 18 and over

20

0 1 111 r7I1rr1rrfr1rrr1rrI1rrrrr1rrrrrrrrrrrrrrrTrTrrrrrrrTrr
10081001&96&100&1906@006196‘100%1,00910‘\‘310\}10&119‘\'%10\'&1,0‘610&619\310‘\'%19\91010191}
ear
From 2001 to 2021, the percent of children and adults with current asthma who had at least one
asthma attack in the previous 12 months declined.
For children, asthma attacks declined from 61.7% of children with asthma in 2001 to 38.7% in
2021.

For adults, asthma attacks declined from 53.8% of adults with asthma in 2001 to 39.6% in 2021.
— L
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We can’'t alter natural and manmade asthma precipitants.

Respiratory viruses

Contiguous US

Wildfires

Indoor / outdoor pollutants
» Volatile organic compounds/VOCS

O N 0 ©

Occupational exposures

PM, 5 (ug m=)

Asthma ED Visits by Month and Age, California 20062010

Asthma ED visits show some consistent trends by season. The number decreases in the sum-
mer months for both children and adults.

PM, . (ug m=)

2000 2022
o s [Children (0-17) |
e | Adlults (18+) }
10000 i 12 8
3 /-\'\/ — Observed
8000 10 .
Q 6 — Counterfactual without smoke
% 6000 8
i
E 4000 2000 2022
2000
" 2006 2007 , 2008 2009 2010 Figure 1: Effect of wildfire smoke on ambient PM2.5 levels nationally
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Can we predict asthma exacerbations ¢ Maybe in the future with Al/ML.

PREDICTING
ASTHMA
EXACERBATIONS

N

LUNG e
FUNCTION 2k
8]
PATIENT

TRAITS | MEDICATIONS

[‘,0-
MORBIDITIES GENOMICS

LS

Molfino et al. Adv Ther. 2023 Callforma
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Contfinuum of care in asthma

Comorbidities
Modifiable risk Patient-related Inflarmmatory
factors factors biomarkers

e L Ve Tatlarad Clinlcal
=1 | = .| i "
FHENSUREES raatment plan response

HCP and patient agreament

Reducing OCS OCS-free Improvement in

and exacerbations Exacerbation-free UNG function

Symptom contral Total control of ~ Low-disease

improvement symptoms activity

Lung function Lung function Dizease modification

stabilisation Hlaﬁﬁsatiuﬂ with negative
biomarkars and
absence of bronchial
hyperreactivity

Busse et al. JACI 2024
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What issues will we face with our patients if we focus on clinical remission?

Miscommunication.
o “Your asthma is in remission, but your asthma is still there...so don't change anything.”

Disillusionment
o “I thought this drug was going to cure me.”

Potential insurance and reapproval issues with standard of care medications.
o “I was doing so well that | stopped all of my other medications.”

California
Thoracic Society

ATS Chapter Serving California and Arizona
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Summary

1. Is clinical remission possible in asthma@¢
-Yes, as defined

2. Does clinical remission represent a new level of success in managing our
asthma patientse

-Probably not

3. Should this be a focus of our care?
-NoO

California
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From ILA to PPF: Understanding the
ILD Alphabet Soup

Toby Maher

Professor of Medicine and Director of
Interstitial Lung Disease Unit.

Keck Medicine of USC.
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Disclosures

| have the following relationships with ACCME defined ineligible companies:

Abbvie, Amgen, AstraZeneca, Bayer, Biogen Idec,

Blade Therapeutics, BMS, Boehringer Ingelheim, Endeavor,

F. Hoffmann-La Roche, Galdpagos NV, Galecto, GlaxoSmithKline, Gossamer Bio,
Merck, Pfizer, Pliant, Redx, Trevi, Three Lakes Partners, UCB, United Therapeutics,
Vicore

| WILL NOT discuss off-label use and/or investigational use of any drugs or
devices.
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Clinical Review & Education

JAMA | Review

Interstitial Lung Disease
A Review

Toby M. Maher, MD, MSc, PhD

Multimedia
IMPORTANCE Interstitial lung disease (ILD) consists of a group of pulmonary disorders CME at jamacmelookup.com
characterized by inflammation and/or fibrosis of the lung parenchyma associated with
progressive dyspnea that frequently results in end-stage respiratory failure. In the US, ILD
affects approximately 650 000 people and causes approximately 25 000 to 30 000 deaths

per year.

OBSERVATIONS The most common forms of ILD are idiopathic pulmonary fibrosis (IPF), which
accounts for approximately one-third of all cases of ILD, hypersensitivity pneumonitis,
accounting for 15% of ILD cases, and connective tissue disease (CTD), accounting for

25% of ILD cases. ILD typically presents with dyspnea on exertion. Approximately 30% of
patients with ILD report cough. Thoracic computed tomography is approximately 91%
sensitive and 71% specific for diagnosing subtypes of ILDs such as IPF. Physiologic
assessment provides important prognostic information. A 5% decline in forced vital capacity
(FVC) over 12 months is associated with an approximately 2-fold increase in mortality
compared with no change in FVC. Antifibrotic therapy with nintedanib or pirfenidone slows
annual FVC decline by approximately 44% to 57% in individuals with IPF, scleroderma
associated ILD, and in those with progressive pulmonary fibrosis of any cause. For connective
tissue disease-associated ILD, immunomodulatory therapy, such as tocilizumab, rituximab,
and mycophenolate mofetil, may slow decline or even improve FVC at 12-month follow-up.
Structured exercise therapy reduces symptoms and improves 6-minute walk test distance in
individuals with dyspnea. Oxygen reduces symptoms and improves quality of life in
individuals with ILD who desaturate below 88% on a 6-minute walk test. Lung transplant
may improve symptoms and resolve respiratory failure in patients with end-stage ILD. After
lung transplant, patients with ILD have a median survival of 5.2 to 6.7 years compared with a
median survival of less than 2 years in patients with advanced ILD who do not undergo lung
transplant. Up to 85% of individuals with end-stage fibrotic ILD develop pulmonary
hypertension. In these patients, treatment with inhaled treprostinil improves walking
distance and respiratory symptoms.

Author Affiliations: University of

CONCLUSIONS AND RELEVANCE Interstitial lung disease typically presents with dyspnea on Southern California, Los Angeles;

exertion and can progress to respiratory failure. First-line therapy includes nintedanib or National Heart and Lung Institute,
pirfenidone for IPF and mycophenolate mofetil for ILD due to connective tissue disease. Lung Imperial College, London, UK.
transplant should be considered for patients with advanced ILD. In patients with ILD, exercise Corresponding Author: Toby M.

Maher, MD, MSc, PhD, University of
Southem California, 1510 San Pablo St,
Ste 514, Los Angeles, CA 90033
JAMA. doi:101001/jama.2024.3669 (tobymahe@usc.edu).

Published online April 22, 2024. Section Editor: Kristin Walter, MD,

Deputy Editor.

training improves 6-minute walk test distance and quality of life.
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Guidelines - 2011,

2018, 2022...

American Thoracic Society Documents

An Official ATS/ERS/JRS/ALAT Statement: Idiopathic
Pulmonary Fibrosis: Evidence-based Guidelines for
Diagnosis and Management

Ganesh Raghu, Harold R. Collard, Jim J. Egan, Ferman-~~ ' *#-—*i=-- tr--—-= B-ob- Wode @ Bomec—
Thomas V. Colby, Jean-Francois Cordier, Kevin R. Flah
leffrey |. Swigris, Athol U. Wells, Julio Ancochea, Dem
Masahito Ebina, David M. Hansell, Takeshi Johkoh, Dc
Jeffrey Myers, Nestor L. Miiller, Andrew G. Nicholson,
Barbara 5. Griss, Shandra L. Protzko, and Holger ]. 5«
on Idiopathic Pulmonary Fibrosis

Thus OFFI('JAI. STATEMENT OF THE AMERICAN THORACIC SOCIET

Reseiratory Sociery (JRS), anp THE Lativ AMeRICAN THor, Diag nosis of Idiopﬂthic e cllcs i s Bl st

M) Check for updates

Directors, Novesser 2010, tHe ERS Executive COMMITTEE,

THE ALAT Execunive Commvrrree, Novesmser 2010 An oﬁicial ATS/EF{S}’JHS/A

Ganesh Raghu, Martine Remy-Jardin, Ji
Juergen Behr, Vincent Cottin, Sonye K.
Arata Azuma, Thomas J. Bice, Demosth
Yoshikazu Inoue, R. Gisli Jenkins, Take:
George Mansour, Andrew G. Nichalson,
William D. Travis, Simon L. F. Walsh, an
Respiratory Society, Japanese Respirat

THlS OFFICIAL CLINICAL PRACTICE GUIDELINE OF THE AN
SocieTy (JRS), anp Lann American THoRacic Soc

Idiopathic Pulmonary Fibrosis (an Update) and Progressive

Pulmonary Fibrosis in Adults
An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline

a Ganesh Raghu, Martine Remy-Jardin, Luca Richeldi, Carey C. Thomson, Yoshikazu Inoue, Takeshi Johkoh,

Michael Kreuter, David A. Lynch, Toby M. Maher, Fernando J. Martinez, Maria Molina-Molina, Jeffrey L. Myers,
Andrew G. Nicholson, Christopher J. Ryerson, Mary E. Strek, Lauren K. Troy, Marlies Wijsenbeek, Manoj J.
Mammen, Tanzib Hossain, Brittany D. Bissell, Derrick D. Herman, Stephanie M. Hon, Fayez Kheir, Yet H. Khor,
Madalina Macrea, Katerina M. Antoniou, Demosthenes Bouros, Ivette Buendia-Roldan, Fabian Caro, Bruno
Crestani, Lawrence Ho, Julie Morisset, Amy L. Olson, Anna Podolanczuk, Venerino Poletti, Moisés Selman,
Thomas Ewing, Stephen Jones, Shandra L. Knight, Marya Ghazipura, and Kevin C. Wilson; on behalf of the
American Thoracic Society, European Respiratory Society, Japanese Respiratory Society, and Asociacion
Latinoamericana de Torax




American Thoracic Society

American Thoracic Society/European Respiratory
Society International Multidisciplinary Consensus
Classification of the Idiopathic Interstitial Pneumonias

THIS JOINT STATEMENT OF THE AMERICAN THORACIC S0CIETY (ATS), AND THE EUROPEAN RESPIRATORY SoCIETY (ERS) was
ADOPFTED BY THE ATS Boarp oF DIREcTORS, JUNE 2001 anp 8y THE ERS ExEcuTivE CoMMITTEE, JUNE 20001

Interstitial Lung

Abnormalities

Interstitial lung disease (ILD)

Other ILDs

(known
exposures,
drugs)

Sarcoidosis

Other
RA-ILD SSc-ILD autoimmune Maijor IIPs Rare IIPs ulLD
ILDs
1. Inadequate data
Chronic fibrosing Smoking-related Acute/subacute LIP PPFE 2. Major discordance
between findings
| 1 L
| | - | 1 | 1
IPF NSIP RB-ILD DIP COP AIP

AIP, acute interstitial pneumonia; ATS, American Thoracic Society; COP, cryptogenic organising

pneumonia; ERS, European Respiratory Society; IPF, idiopathic pulmonary fibrosis; LAM, Adapted from: ATS/ER;. Am J Respir Crit Care Med. 2002;16.5:277_304"
lymphangioleiomyomatosis; LCH, Langerhans cell histiocytosis; Ryerson CJ, Collard HR. Curr Opin Pulm Med. 2013;19:453-459; Travis WD, et al.
LIP, lymphocytic interstitial pneumonia; PPFE, pleuroparenchymal fibroelastosis Am J Respir Crit Care Med. 2013;188:733-748; Cottin V, et al. Eur Respir Rev.

2018;27:piil80076



ILD PATTERNS




Usual interstitial Pneumonia (UIP)

* IPF, rheumatoid-ILD,
asbestosis, scleroderma-ILD,
HP, sarcoidosis

* Poor prognosis: untreated
median survival is
approximately 3-4 y from
diagnosis




* iNSIP, scleroderma-ILD,
rheumatoid-ILD, drug-
induced ILD, smoking-induced
ILD

* Intermediate prognosis:
untreated median survival is
approximately 8-10 y from
diagnosis




* COP, IIM associated ILD, drug-
induced ILD, rheumatoid-ILD,

vasculitis

* Good prognosis: often
responds well to
immunomodulatory therapy;
however, some individuals
with secondary OP progress
to pulmonary fibrosis




Acute Interstitial Pneumonia (AIP)

s

* ARDS, AIP, IIM (especially
MDAS5+) associated ILD, acute
exacerbations of existing ILD

* Very poor prognosis: median
survival is 2.2 months




Bronciolocentric interstitial pneumonia (BIP)/
Hypersensitivity pneumonitis

-

* Good prognosis: nonfibrotic ) %
HP, frequently resolves S
without significant sequelae

* Intermediate prognosis:
fibrotic HP




The multi-disciplinary team

Idiopathic Interstitial Pneumonia
What Is the Effect of a Multidisciplinary Approach to Diagnosis?

Kevin R. Flaherty, Talmadge E. King, IJr., Ganesh Raghu, Joseph P. Lynch Ill, Thomas V. Colby,
Willlam D. Travis, Barry H. Gross, Ella A. Kazeroonl, Galen B. Toews, QI Long, Susan Murray,
Vibha M. Lama, 5teven E. Gay, and Fermando |. Martinez

Division of Pulmonary and Critical Care Medicine and Department of Radiology, University of Michigan Health System, and Department of
Biostatistics, University of Michigan School of Public Health, Ann Arbor, Michigan; University of California, 5an Francisco, San Francisco,
California; University of Washington, Seattlke, Washington; Mayo Clinic, Scottsdale, Anizona; and Armed Forces Institute of Pathology,
Washington, DC

{Beceived in angingl form Februony 3, 2004, accegted in final form fufy 71, 2004}
Supported i part by Mational Instiutes of Health NHLE| grant PSOHLAE4ET, MIHS
MCRR 3 M0O1 RRDD0A2-3353, MiIH /ML PED AGDEEDE.06, MHLEI, 1 K24 HLO421 2,
and 1 K23 HLEST13.

Comespondence and reguests far neprints shauld be addressed to Fernandco |.
Martmez, M.D., ML.5., 3918 Taubman Center, 1500 E. Medical Center Drive, Ann
Arbor, M 4B109.0380. E-mail: imartine@urnich.edw

Ami | Raspir Crit Cara Med Vol 170, pp 504-510, 2004
Originaly Fubldshod in Pres 85 DO 1001164 roemo 300-402- D430 on July 15, 2004
Imbernat addrece: wwey akgoumals.org




Investigation of Suspected ILD

History and Clinical Examination

l

Chest X-ray and Spirometry

l .

Confirm ILD Assess Severity

*  Full lung function

* 6 minute walk

* Overnight oximetry

* Blood tests
e HRCT
e MDT assessment

|

Confident Diagnosis?

l l N Exclude complications
— * Echocardiogram
No Yes ————

|

Consider BAL

(if non-diagnostic)

Disease specific Investigations e.g.
* PET scan, 24 hour urinary calcium (sarcoid)
l * Pituitary MRI (Langerhan’s Histiocytosis)

) ) * Tuberous sclerosis genotyping (LAM)
lung biopsy (VATS/Cryobiopsy)

MDT Assessment

Maher TM Clinics in Allergy and Immunology 2012



Not all fibrotic ILD is classifiable

Prevalence and prognosis of unclassifiable
interstitial lung disease

b] 100 -
Christopher J. Ryerson', Thomas H. Urbania®, Luca Richeldi®, Joshua J. Mooney®,
Joyce 5. Lee*, Kirk D. Jones®, Brett M. Elicker?, Laura L. Koth®, Non-1BE ILD
Talmadge E. King Jr*, Paul J. Wolters* and Harold R. Collard* 75 —
Affiliations: '"Dept of Medicine, University of British Columbia, Vancouver, BC, Canada. *Dept of Radiology, I‘H'I,_\_' .
University of California San Francisco, CA, *Dept of Medicine, University of California San Francisco, CA, and & ‘I_,_l_‘l:'_II'ELEEE.HIEtIlE' iLD
SDept of Pathology, University of California San Francisco, CA, USA_ *Center for Rare Lung Diseases, University -
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INTERSTITIAL LUNG ABNORMALITIES




Case History

* 54 year old man
* No respiratory symptoms

* Undergoing renal transplant
assessment for end-stage
diabetic nephropathy

* Ex smoker — 20 pk years

* Clinical exam unremarkable
* FVC 3.8 L, 106% predicted

* Tlco 94% predicted




What are interstitial lung abnormalities?

What are interstitial lung abnormalities (ILAs)?

* Incidental identification of non-dependent abnormalities, including ground-glass or reticular
abnormalities, lung distortion, traction bronchiectasis, honeycombing, and non-
emphysematous cysts

e Involving at least 5% of a lung zone (upper, middle, and lower lung zones are demarcated by
the levels of the inferior aortic arch and right inferior pulmonary vein)

e In individuals in whom interstitial lung disease is not suspected

Hatabu et al Fleischner Society Position Paper LRM 2020



What are NOT ILAS?

Imaging findings restricted to:

Dependent lung atelectasis

Focal paraspinal fibrosis in close contact with thoracic spine osteophytes (figure 2A)

Smoking-related centrilobular nodularity in the absence of other findings (figure 2B)

Mild focal or unilateral abnormality (figure 2C)

Interstitial oedema (eg, in heart failure)

Findings of aspiration (patchy ground-glass, tree in bud; figure 2C)

Preclinical and clinical identification:

e Preclinical interstitial abnormalities identified during screening of high-risk individuals (eg,
those with rheumatoid arthritis, scleroderma, occupational exposure, familial interstitial lung
disease)

» Findings in patients with known clinical interstitial lung disease

Hatabu et al Fleischner Society Position Paper LRM 2020



Types of ILA

Hatabu et al Fleischner Society Position Paper LRM 2020



Relevance of ILA

Mortality, %

Framingham Heart Study

20-
HR (95% CI), 2.7 (1.1-6.5); P =.03
15
10
ILA
5_
No ILA
————
0

Years
No. at risk
ILA 177 176 171 170 107
NoILA 1370 1367 1364 1361 1022
COPDGene Study
20+
HR (95% Cl), 18 (1.1-2.8); P=.01
ILA
15
-
z
jg 104
é; No ILA
5_
0 T T T T T T
0 1 2 3 4 5 6 7
Years
No. at risk
ILA 156 153 149 142 138 135 131
NolILA 1173 1163 1146 1125 1104 1079 1062

AGES-Reykjavik Study
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80+
HR (95% Cl), 1.3 (1.2-1.4); P <.001
ILA
60+
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T 404
= No ILA
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20
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0 1 2 3 4 5 6 7 8 9 10 11
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No. at risk
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ILA
No ILA
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HR (95% CI),
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P=.02

ILA
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Putman et al JAMA 2016




Distinguishing ILA from ILD

Enrollment Complete Baseline
Data N=9,588
v | v
Without ILA ILA
N=9.065 N=523 ILD Criteria:
I 1) ILA +
‘ ‘ 2) Definite fibrosis
or
ILA w/o Prev Prevalent ILD FVC <80%P
ILD N=255 N=268
5-Year Complete 5-Year | _ ) . | Complete 5-Year
Follow-Up DataN=4,842 |~ - Data N=98
]
Without ILA ILA
N=4,385 N=457
|
ILA w/o Inc Incident ILD Stable CT and FVC loss only CT prog only CT prog +
ILD N=309 N=148 FVC N=32 N=6 N=38 FVC loss N=22
Mortallty v i £ 2 o v B 7 B
N=674 N=52 N=47 | | | N=2,282 N=85 N=138 | i | N=10 N=3 N=17 N=10
15% 17% 32% i 25% 33% 51% | i 31% 50% 45% 45%
§ 10.6 Year Mortality ;

Rose et al AJRCCM 2024



Predictors of worse outcome with ILA

* Fibrotic change (honeycomb cysts, reticulation with traction bronchiectasis)
* Family history

* Genetic mutations (MUC5B, TERT, RTEL)

* Short telomeres

* CT progression over 12 months

* >10% FVC decline over 12 months

* Protein biomarkers




Predictors of worse outcome with ILA

* Fibrotic change (honeycomb cysts, reticulation with traction bronchiectasis)
* Family history

e Genetic mutations (MUC5B, TERT, RTEL)

e Short telomeres

* CT progression over 12 months

* >10% FVC decline over 12 months

* Protein biomarkers




My Clinical Approach to ILA*

Exclude ILD (history of known cause of ILD, e.g. RA, respiratory symptomes,
physiological impairment).

Obtain baseline PFTs and HRCT

Assess for change in PFTs (at 6 and 12 months) and CT (at 12 months)

If stable PFTs and CT then follow annually with PFTs

If PFT and/or CT worsening manage as ILD

*ATS Guidelines expected in next 12 — 18 months



PROGRESSIVE PULMONARY FIBROSIS




Case history (2013)

* 57-year-old man

* 6-month history of progressive exertional dyspnoea

* At presentation, was breathless climbing one flight of stairs
* Minor cough

* No extrathoracic symptoms of note

* No exposure history

* No clubbing

* Bilateral basal crepitations

* Serology - weakly positive ANA and RhF

* Rheumatology assessment — no definable CTD or RA




CT scan (2013)



Further investigations

FVC — 76% predicted

Tlco 44% predicted

Bronchoscopy — BAL 43% lymphocytosis

Patient declined biopsy




MDT assessment

* Likely IPAF with mixed cellular and fibrotic NSIP

* Treated with reducing dose of oral corticosteroids and intravenous cyclophosphamide

Cyclophosphamide is not licensed for treatment of ILD.




Follow-up

Excellent response to treatment

Exertional dyspnoea improved and returned to unrestricted activity

Weaned and discontinued corticosteroids after 12 months

Attended follow-up for three years (until 2016) and remained stable with
minimal change on CT




Next presentation in 2021

* In 2019, diagnosed with RA after presenting with classic joint symptoms, elevated anti
CCP antibodies and raised Rh-F

* Had been treated with methotrexate and then rituximab
* Between 2019 and 2021, developed progressive exertional dyspnoea

* Exercise tolerance was approximately 2 flights of stairs

* FVC was 91% predicted in 2016, 85% predicted in 2019, and had dropped to 73%
predicted by 2021

Methotrexate and rituximab are not licensed for treatment of ILD.




Repeat CT 2021




PF-ILDs

\

Hypersensitiv{ty Autbimmune disease-
pneumonit(s | related ILDs

Progressive fibrosing ILDs

Non-IPF IIPs

—— —

Sarcoidosis Other ILDs

IIP, idiopathic interstitial pneumonia.



ATS/ERS/JRS/ALAT guideline

W) Check for updates

Idiopathic Pulmonary Fibrosis (an Update) and Progressive
Pulmonary Fibrosis in Adults
An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline

g Ganesh Raghu, Martine Remy-Jardin, Luca Richeldi, Carey C. Thomson, Yoshikazu Inoue, Takeshi Johkoh,
Michael Kreuter, David A. Lynch, Toby M. Maher, Fernando J. Martinez, Maria Molina-Molina, Jeffrey L. Myers,
Andrew G. Nicholson, Christopher J. Ryerson, Mary E. Strek, Lauren K. Troy, Marlies Wijsenbeek, Manoj J.
Mammen, Tanzib Hossain, Brittany D. Bissell, Derrick D. Herman, Stephanie M. Hon, Fayez Kheir, Yet H. Khor,
Madalina Macrea, Katerina M. Antoniou, Demosthenes Bouros, |vette Buendia-Roldan, Fabian Caro, Bruno
Crestani, Lawrence Ho, Julie Morisset, Amy L. Olson, Anna Podolanczuk, Venerino Poletti, Moisés Selman,
Thomas Ewing, Stephen Jones, Shandra L. Knight, Marya Ghazipura, and Kevin C. Wilson; on behalf of the
American Thoracic Society, European Respiratory Society, Japanese Respiratory Society, and Asociacion
Latinoamericana de Torax

THIS OFFCIAL CLINIGAL PRACTICE GLDE] INF W& APPROVED BY THE AnMERICAaN THoRACIC SocieTy, Eurorean REseiraTory SociETy, Jarsnrse REsPiRATORY SOCIETY, ann
AE0CIACION LATINOAMERICANS DE TORME Feapuary 2022

Raghu G, et al. Am J Respir Crit Care Med. 2022;205:e18-e47.




INBUILD trial

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Nintedanib in Progressive Fibrosing
Interstitial Lung Diseases

K.R. Flaherty, A.U. Wells, V. Cottin, A. Devaraj, S.L.F. Walsh, Y. Inoue, L. Richeldi,
M. Kolb, K. Tetzlaff, S. Stowasser, C. Coeck, E. Clerisme-Beaty, B. Rosenstock,
M. Quaresma, T. Haeufel, R.-G. Goeldner, R. Schlenker-Herceg, and K.K. Brown,
for the INBUILD Trial Investigators*

Flaherty KR, et al. N Engl J Med. 2019;381:1718-1727.



Definitions of PPF

Guideline published by ATS/ERS/JRS/ALAT!
>2 of the following occurring within 1 year:

* Absolute decline in FVC % predicted >5%
and/or absolute decline in DLco % predicted
>10%

* Worsened symptoms

* Radiological progression

INBUILD trial?

>1 of the following occurring within 2 years:

Relative decline in FVC % predicted 210%

Relative decline in FVC % predicted >5—-
<10% and radiological progression and/or
worsened symptoms

Radiological progression and worsened
symptoms

1. Raghu G, et al. Am J Respir Crit Care Med. 2022;205:e18-e47;
2. Flaherty KR, et al. N Engl J Med. 2019;381:1718-1727.




Outcomes in ILD following progression

Outcome by ILD sub-type

Outcome for PPF by ILD sub-type
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Pugashetti JV, et al. Am J Respir Crit Care Med. 2023;207:69-76.




Can we predict who will develop PPF?

W) Check for updates

Combination of BAL and Computed Tomography Differentiates
Progressive and Non-progressive Fibrotic Lung Diseases

Joseph L. Barnett!, Toby M. Maher?, Jennifer K. Quint®, Alex Adamson3, Zhe Wu®®, David J. F. Smith®>,

Bhavin Rawal®*, Arjun Nair’, Simon L. F. Walsh®, Sujal R. Desai®*, Peter M. George®*, Maria Kokosi*”, Gisli Jenkins®?,
Vasilis Kouranos®®, Elisabetta A. Renzoni®®, Alex Rice®®, Andrew G. Nicholson®®, Felix Chua®®°, Athol U. Wells®®,
Philip L. Molyneaux®°***, and Anand Devara13 ok

"Department of Radlologjy Royal Free Hospital, London, United Kingdom; 2Keck School of Medicine, UnlverS|ty of Southern California,
Los Angeles, California; “National Heart and Lung Instﬂute Imperial College, London, United ngdom “Department of Radiology,
“Interstitial Lung Disease Unit, and ®Department of Hlstopathology Royal Brompton Hosp|tal Guy'’s and St Thomas' National Health
Service Foundation Trust, London, United Kingdom: and Department of Radiology, University College Hospital, London, United Kingdom

Univariable Analysis

Variable OR (Cl) P Value Adjusted P Value*
CT fibrosis extent 1.05 (1.03-1.08) <0.001 <0.001
CT UIP pattern 1.57 (1.21-2.04) 0.001 0.001
Lymphocyte proportion 0.95 (0.92-0.97) <0.001 0.001

Barnett JL, et al. Am J Respir Crit Care Med. 2023;208:975-982.




FVC decline by disease severity in INBUILD

FVC <50% predicted FVC >70% predicted
at baseline at baseline
Nintedanib  Placebo Nintedanib Placebo Nintedanib Placebo
%5 50 - (n=42) (n=33) (n=154) (n=160) (n=136) (n=138)
o)
'Ej' — 0 - T T * 1
ro § -50 -
=3 -100 - 27.1
© S— .
= 180 985 |
0 E -200 - I
- -157.7
§ S -290 1 -196.2
gg -300 - -187.6
B8 -350 -
"g,' ©
3 -400 - -285.8
< -450 -
Difference: 98.1 mL/year Difference: 97.7 mL/year Difference: 130.5 mL/year
(95% CI: -30.3, 226.6) (95% CI: 37.5, 157.9) (95% CI: 66.8, 194.2)
Relative reduction: 34.4% Relative reduction: 49.8% Relative reduction: 82.8%

1. Valenzuela C, et al. Live presentation at ERS 2020 virtual congress: Presentation no. 4577; 2. Flaherty KR, et al. N Engl J Med. 2019;381:1718-1727.




Deep Learning-based Outcome Prediction in Progressive Fibrotic
Lung Disease Using High-Resolution Computed Tomography

Simon L. F. Walsh', John A. Mackintosh?, Lucio Calandriello®, Mario Silva*, Nicola Sverzellati*, Anna Rita Larici®,
Stephen M. Humphries®, David A. Lynch®, Helen E. Jo®, lan Glaspole’, Christopher Grainge®, Nicole Goh® 1",
Peter M. A. Hopkins®'2, Yuben Moodley'®, Paul N. Reynolds'#, Christopher Zappala'®, Gregory Keir'®,

Wendy A. Cooper'”'® Annabelle M. Mahar'’, Samantha Ellis'®, Athol U. Wells'?°, and Tamera J. Corte®

1.00 4

0.75

0.50 -

0.25

0.00 -

Number at risk
sofia_pioped_uip =0
sofia_pioped_uip =1
sofia_pioped_uip =2
sofia_pioped_uip=3
sofia_pioped_uip =4

197
118
105
42
42

1,000 2,000 3,000 4,000
Follow-up time
159 104 19 2 0
a7 38 9 4 0
58 22 4 1 1
22 3 2 0 0
12 3 0 0 0
sofia_pioped_uip=0 —_——— sofia_pioped_uip =1
.-+ sofia_pioped_uip =2 — . — . — sofia_pioped uip=3 =----.-=--= sofia_pioped_uip=4

Walsh SLF, et al. Am J Respir Crit Care Med. 2022;20:883-891.




Proteomic biomarkers of progressive fibrosing interstitial @ ®
lung disease: a multicentre cohort analysis

Willis S Bowman, Chad A Newton, Angela L Linderholm, Megan L Neely, Janelle Vu Pugashetti, Bhavika Kaul, Vivian Vo, Gabrielle A Echt,
William Leon, Rupal ] Shah, Yong Huang, Christine Kim Garcia, Paul | Wolters, Justin M Oldham
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Bowman WS et al. Lancet Respir Med. 2022;10:593-602.




The INBUILD trial

Double-blind

< 4
Nintedanib 150 mg bid (n=332) I Nintedanib 150 mg bid [
== == == = e e == - - Open-label
I | nintedanib
* I j (INBUILD-ON)
Screening = \ s
I I
| |
I I
Visit 1 2345 6 7 8 9
| Ll | | | | /2. |
| BN | | | | 7”7 |
Week 0246 12 24 36 52 ]
PART A First database lock PART Bt

Primary endpoint assessed

*Randomisation was stratified by HRCT pattern (UIP-like fibrotic pattern only or other fibrotic patterns) based on central review.

TVisits occurred every 16 weeks until end of treatment.
bid, twice daily; R, randomisation; UIP, usual interstitial pneumonia.
Flaherty KR, et al. N Engl J Med 2019; doi: 10.1056/NEJM0a1908681.




INBUILD trial: clinical diagnoses

1.8

B Hypersensitivity pneumonitis

| ldiopathic non-specific interstitial pneumonia
Unclassifiable [IP

B RA-ILD

~ SSc-ILD

" Exposure-related ILD

B MCTD-ILD
Sarcoidosis

W Other fibrosing ILDs

17.2

Reprinted from Lancet Respir Med, Vol. 8, Wells AU, et al, Nintedanib in patients with progressive fibrosing interstitial lung diseases-subgroup analyses by interstitial lung
disease diagnosis in the INBUILD trial: a randomised, double-blind, placebo-controlled, parallel-group trial, Pages No. 453-460, Copyright (2020), with permission from

Elsevier.



Rate of decline in FVC over 52 weeks in INBUILD trial

Patients with UIP-like fibrotic

Overall population pattern on HRCT

Nintedanib Placebo Nintedanib Placebo

o 0 (n=332) (n=331) (n=2006) (n=2006)

©

—~ 0O

_50 i

AL~

o () Z\ - . -

£ = -150 - 529

38= 1

P u -200 A I

3 © -187.8

2 -250 - -211.1
Difference: 107.0 mL/year Difference: 128.2 mL/year

(95% CI: 65.4, 148.5); p<0.001 (95% CI: 70.8, 185.6); p<0.001

Relative reduction: 57% Relative reduction: 61%

From N Engl J Med, Flaherty KR et al, Nintedanib in Progressive Fibrosing Interstitial Lung Diseases, Volume No. 381, Page No. 1718-1727. Copyright © 2019
Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.



Absolute difference in FVC between groups in INBUILD.

All patients

Hypersensitivity pneumonitis
iNSIP

Unclassifiable [IP

RA-ILD

SSc-ILD

MCTD-ILD

Exposure-related ILDs
Sarcoidosis

Other fibrosing ILDs

Wells AU et al Lancet Respir Med 2020

n analysed
Nintedanib Placebo

332

84

64

64

42

23

23

331

89

61

50

47

16

12

18

30

-400 -300 -200 100 O
Favours placebo

100 200 300 400 500
Favours nintedanib

Difference (95% CI)

107.0 (65.4, 148.5)

72.9(-8.9, 154.7)
141.7 (46.0, 237.4)
68.5(-31.3, 168.4)
118.2 (1.0, 235.4)
122.8 (-57.2, 302.8)
35.4 (-215.8, 286.5)
252.8 (79.2, 426.5)

120.5 (-337.1, 296.1)

142.2 (-3.8, 288.3)

Treatment-by-
subgroup-by-time
interaction

p=0.68




Most frequently reported adverse events (irrespective of causality) in
overall population

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

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

Data are n (%) of patients with 21 such adverse event reported over 52 weeks (or until 28 days after last trial drug intake for patients who discontinued trial
drug before week 52). Adverse events based on MedDRA preferred terms that were reported in >11% of patients in either treatment group are shown. Flaherty
KR, et al. N Engl J Med 2019; doi: 10.1056/NEJMo0a1908681.



Conclusions

ILD pattern helps to define both likely diagnosis and prognosis
ILD patterns overlap and can be seen across different diseases

Interstitial lung abnormalities can be found in up to 10% of otherwise healthy over
60s

Progression is more likely with fibrotic change, family history and short-term
progression

Progressive pulmonary fibrosis can be seen across ILDs, portends a poor prognosis
and should trigger consideration for anti-fibrotic therapy.




Imaging patterns in Interstitial Lung
Disease

Lila Pourzand, M.D.
Ronald Reagan UCLA Medical Center
David Geffen School of Medicine at UCLA
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Disclosures

Many of the slides for this presentation was shared with me by my mentor,
Dr. Robert Suh. Otherwise, no disclosure.

I WILL NOT discuss off-label use and/or investigational use of any drugs or
devices.

’ California

o \§ Thoracic Society



LUNG FIBROSIS CAN BE A FINAL COMMON PATHWAY FOR
MANY ILDs'2

SARCOIDOSIS

Progressive Autoimmune

Fibrosis’ ILDs

Ivatore M et al. J Am Board Fam Med. 2018;3(1):151-162 "
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VARIATION OF PARAMETERS FOR CHEST HRCT

NON-HIGH RESOLUTION HIGH RESOLUTION

1 mm std 3 mm edge 1 mm edge

Thin-section HRCT scans with high-resolution
algorithms are favored for improved contrast and
spatial resolution

’ California
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VARIATION OF PARAMETERS FOR CHEST HRCT

LARGE DFOV

SMALL DFOV

’ California

' \ Thoracic Society



EVALUATING AN HRCT SCAN

Indicative of ILD (fibrosis)

Honeycombing

Traction bronchiectasis

-

:-___._,_\5;____..___'/ (Look for:

Reticulation
+ Features

Other features of ILD
Ground glass opacity

)
LLl
o
=
<C
L
L

= Distribution

Casa==

/_

Air space consolidation

* Imaging clues
\. P

Air trapping

Nodular opacities

Upper or lower

The imaging features and how they are

distributed can point to diagnostic patterns Centraliperibronchovascular

DISTRIBUTION

Peripheral/subpleural
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EVALUATING AN HRCT SCAN

Axial distribution: Left image- central or peri broncho-vascular
distribution. Right image- subpleural distribution

FEATURES

DISTRIBUTION

Indicative of ILD (fibrosis)

Honeycombing

Traction bronchiectasis

Reticulation

Other features of ILD

Ground glass opacity

Air space consolidation

Air trapping

Nodular opacities

Upper or lower

Central/peribronchovascular

Peripheral/subpleural

’ California
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HRCT FEATURES OF ILD
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INDICATIVE OF ILD: RETICULATION

secondary pulmonary lobule’

Interlobular septa

visceral pleurs

asinus

lobular arteriolz

lobular bronchiole

pulmonary vein

1ecm

’ California
mission from Chloe Suh. Webb WR. Radiology. 2006;239(2):322-338. ' \ Thoracic Society



INDICATIVE OF ILD: RETICULATION (cOoNT'D)
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INDICATIVE OF FIBROSIS: TRACTION BRONCHIECTASIS

Normal lung
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INDICATIVE OF FIBROSIS: HONEYCOMBING

« 70-80% of cases of UIP
« Strongest indicator of UIP on CT
» Median survival
» UIP with honeycombing: 2.1 years
» UIP without honeycombing: 5.8 years

Hunninghake et al. Chest 2003;124:1215-1223.

Elliot et al. JCAT 2005;29:339-345.
Image A courtesy of and used with permission from Jonathan Goldin, MD, PhD. Flaherty et al. Thorax 2003;58:143-148.
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HONEYCOMBING v. RETICULATION OR TRACTION BRONCHIECTASIS

Traction bronchiectasis
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EARLY HONEYCOMBING v. PARASEPTAL EMPHYSEMA
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OVERLAPPING IMAGING SIGNATURES: CPFE

’ California
CPFE, combined pulmonary fibrosis and emphysema ' \ Thoracic Society




OTHER FEATURES OF ILD: GROUND GLASS OPACITY

HRCT image courtesy of and used with permission from Sudhakar Pipavath, MD.
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OTHER FEATURES OF ILD: GROUND GLASS OPACITY
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OTHER FEATURES OF ILD: CONSOLIDATION

Image courtesy of and used with permission from Jonathan Goldin, MD, PhD.
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OTHER FEATURES OF ILD: GROUND GLASS OPACITY v.
CONSOLIDATION
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OTHER FEATURES OF ILD: AIR TRAPPING

Expiratory

Inspiratory

NORMAL

ABNORMAL

’ California
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OTHER FEATURES OF ILD: NODULAR OPACITIES

Nodules Micronodules Solid nodules Ground glass nodules Part-solid nodule
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HRCT PATTERNS OF ILD
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HRCT: UPDATED SCANNING PATTERNS

Inconsistent with

UIP Pattern Possible UIP
i ST UIP Pattern

Pattern

Indeterminate for UIP Alternative Diagnosis

Probable UIP “Early UIP”

"

1. Raghu G et al. Am J Respir Crit Care Med. 2018;198(5):e44-e68.
California
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HRCT PATTERNS ASSOCIATED WITH FIBROSIS

NSIP HP OP

Typical Distribution':
Subpleural
Basal predominance
Occasional upper lobe involvement

HRCT features!':
Honeycomb cysts &
Traction bronchiectasis A
Reficulation A

, ’ California
n from Jonathan Goldin, MD, PhD. ' \ Thoracic Society



PROGRESSION OF HRCT ABNORMALITIES IN UIP

Reticulation

Disease

progression
Reticulation and

fraction bronchiectasis

Honeycombing/
end-stage lung fibrosis

California
Images courtesy of and used with permission from Sudhakar Pipavath, MD. ' \ Th oracic Soc1ety



UIP PATTERN

&
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UIP: PROGRESSION OVER TIME

Year 3

# \ California
Images courtesy of and used with permission from Sudhakar Pipavath, MD. ’ \ Thoracic SOCiEty



ACUTE EXACERBATIONS IN PATIENTS WITH UIP

BASELINE 5 MONTHS LATER

d Lynch, MD. ’ \ California

' \ Thoracic Society



____uP NSIP

Probable UIP

HRCT PATTERNS ASSOCIATED WITH FIBROSIS

HP OP

Typical Distribution':
Subpleural
Basal predominance
Occasional upper lobe involvement

HRCT features!:
Traction bronchiectasis A
Reticulation A

California
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HRCT PATTERNS ASSOCIATED WITH FIBROSIS

NSIP

HP OP

Typical Distribution!:
Subpleural
Basal predominance

HRCT features!:
Reticulation
Ground glass opacity A

’ California
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INDETERMINATE/ALTERNATIVE!

Upper or midlung predominance
Peribronchovascular predominance
Extensive ground glass abnormality
(extent > reticular abnormality)

Profuse micronodules

(bilateral, predominantly upper lobe)
Discrete cysts

(multiple, bilateral, away from honeycombing)
Diffuse mosaic attenuation/air trapping

(bilateral, = 3 lobes)

Consolidation

California
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APPROACH FOR EVALUATING HRCT SCANS!2

Helpful Features for
Detecting Fibrosis

ulP

Probable UIP

Indeterminate for UIP

Alternative Diagnosis

NSIP

Non fibrotic HP

fibrotic HP

California
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HRCT PATTERNS: NONSPECIFIC INTERSTITIAL
PNEUMONIA (NSIP)

HP OP

Distribution can vary!:
Subpleural (more common)
Diffuse (less common)
Subpleural sparing*

HRCT features of NSIP':
Ground glass opacification A
Traction bronchiectasis a
Reticulation
Homogenous

ILDs associated with NSIP24:
Connective tissue disease-ILD
Exposure-related ILDs

r Pipavath, MD. ’ California

avis WD et al. Am J Respir Crit Care Med. 2013;188(6):733-748. 3. Schoenfeld SR, 1 1
. Wallace B et al. Curr Opin Rheumatol. 2016;28(3):236-245. Th qraC'l C SOC1ety
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DIFFERENTIATING UIP AND NSIP

Reticulations
Traction bronchiectasis

Honeycombing
Apico-basilar gradient
Heterogeneous
Subpleural involvement

California
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NSIP: PROGRESSION OVER TIME

EARLY LATE

Jonathan Chung, MD. ’ California
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HRCT PATTERNS ASSOCIATED WITH FIBROSIS

CON - I

HRCT features of non fibrotic HP':
Mosaic attenuation

: Air frapping A

Ground glass opacification 4

Although HP is caused by exposure to antigen through

occupation or hobby, studies suggest some individuals may
have a genetic predisposition to developing HP?2

om Sudhakar Pipavath, MD.1. Selman M et al. Am J Respir Crit Care Med. 2012;186(4):314-324. ’ California

01:163(7):1528-1533. ’ \Thoracic Society



HRCT PATTERNS: HYPERSENSITIVITY PNEUMONITIS (HP)

CON - I

Distribution can vary and
features can mimic those
seen in UIP and NSIP!2

HRCT features of fibrotic HP1-3:
Septal thickening
Honeycombing* A
Reticulation A
Traction bronchiectasis A

dhakar Pipavath, MD. Image B courtesy of and used with permission from Jonathan C1. Selman M et cl.’ California
ranos V et al. J Clin Med. 2017;6(6). 3. Magee AL et al. Radiol Clin North Am. 2016;54(6):1033-1046. hung 5 *
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HRCT PATTERNS: HYPERSENSITIVITY PNEUMONITIS (HP)

Exposure t0 ]

Anfigens

—> Non-fibrotic

—> Fibrotic

\ California
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NSIP

HRCT PATTERNS ASSOCIATED WITH FIBROSIS

e

Distribution is typically subpleural or
peripheral and/or bronchovascular'2

HRCT features of OP12;
Atoll signs
Consolidation
Ground glass opacification
Nodular opacities

Although OP usually responds well to steroid

therapy, a small percentage of patients with OP can
develop fibrosis?

Sudhakar Pipavath, MD. 1. Hansell DM et al. Radiology. 2008:246(3):697-7222. 2. Beardsley B, Rass| D. J California
I. Insights Imaging. 2014;5(3):347-364.
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ORGANIZING PNEUMONIA
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ATOLL SIGN

Central ground glass surrounded by peripheral consolidation
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HRCT PATTERNS ASSOCIATED WITH FIBROSIS

UIP NSIP HP

Fibrotic Variant

eth Kligerman, M.D. ’ California

o N\ Thoracic Society



Thank youl
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Invasive Diagnostic Approaches in
ILD: From BAL o Lung Biopsy

Niranjan Jeganathan, MD, MS, FCCP, ATSF
Associate Professor of Medicine
Division of Pulmonary and Critical Care
Loma Linda University Health
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| have the following relationships with ACCME defined ineligible companies:
NONE

| WILL NOT discuss off-label use and/or investigational use of any drugs or
devices.
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[ Patient suspected of having IPF )

[ Paotential cause/associated condition )
MNo Yes
Diagnostic e [d_ ““”-ﬁ}‘”""f“;“”’iﬂ%cn]
Algor“.hm iagnosis (including wi

Yes

UIP or Indeterminate for UIP or
probable UIP* alternate diagnosis

i

( Alternative diagnosis j

AN
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Multi-Disciplinary Discussion “Gold Standard”

“The process of achieving a multidisciplinary diagnosis in a patient with [IP is
dynamic, requiring close communication between clinician, radiologist, and
when appropriate, pathologist.

Clinical data (presentation, exposures, smoking status, associated diseases, lung
function, laboratory findings) and radiologic findings are essential for
multidisciplinary diagnosis.”

Callforma
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Bronchoalveolar Lavage

I. Mormal Adults (Monsmokers) BAL Differential Cell Counts
Alveolar macrophages =B85%
Lymphocytes (CD4+/CD8+ — 0.9-2.5) 10-15%
Neutrophils =3%
Eosinophils =1%

Squamous epithelial*/ciliated columnar epithelial cells’ =5%

b. Abnormal BAL differential cell patterns that suggest specific types of ILD

A lymphocyte differential count =25% suggests granulomatous disease (sarcoidosis, hypersensitivity pneumonitis, or chronic beryllium disease),
cellular nonspecific interstitial pneumonia, drug reaction, ymphoid interstitial pneumonia, cryptogenic organizing pneumonia, or lymphoma.
CD4+/CD8+ =4 is highly specific for sarcoidosis in the absence of an increased proportion of other inflammatory cell types.
A lymphocyte differential count =50% suggests hypersensitivity pneumonitis or cellular nonspecific interstitial pneumonia.
A neutrophil differential count >50% supports acute lung injury, aspiration pneumonia, or suppurative infection.
| An eosinophil differential count =25% is virtually diagnostic of acute or chronic eosinophilic pneumonia. |
A cell differential count of =1% mast cells, =50% lymphocytes, and =3% neutrophils is suggestive of acute hypersensitivity pneumonitis.

c. Other abnormal BAL findings

Infectious organism Lower respiratory infection

Malignant cells (light microscopy, flow cytometny) Cancer
| Bloody fluid that increases in successive aliguots Pulmonary hemorrhage * diffuse alveolar damage |
[ Milky fluid with positive periodic acid Schiff staining and amorphous debris Pulmonary alveolar proteinosis ]

In vitro lymphocyte proliterative response to specific beryllium antigen Chronic beryllium disease

California
Thoracic Society

ATS Chapter Serving California and Arizona
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Bronchoalveolar Lavage Lymphocytes in the Diagnosis of Hypersensitivity
Pneumonitis among Patients with Interstitial Lung Disease

Setu Patolia’, Maximiliano Tamae Kakazu?, Hasan A. Chami®, Abigail Chua®, Javier Diaz-Mendoza®, Abhijit Duggal®,
Alex R. Jenkins”, Shandra L. Knight®, Ganesh Raghu®, and Kevin C. Wilson'®

Table 3. Assessment of various diagnostic thresholds of percentage of BAL fluid lymphocytes

Fibrotic Nonfibrotic Fibrotic HP vs. Nonfibrotic
HP vs. IPF HP vs. IPF Sarcoidosis HP vs. Sarcoidosis

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

20% lymphocytes 69% 61% 95% 61% 69% 26% 95% 26%
30% lymphocytes 55% 80% 88% 80% 55% 43% 88% 43%
40% lymphocytes 41% 93% 76% 93% 41% 61% 76% 61%
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Weight IV, Random, 95% CI

Diagnostic yleld

Transbronchial Biopsy

Diagnostic yleld

IV, Random, 95% CI

Study or Subgroup Dlagnostic yleld SE
1.7.1 HP

Adams 2018 0.4 0.0577
Hanak 2007 0.562 0.0729
Lacasse 1997 0.53 0.0673
Morell HP 2008 0.18 0.0669

Subtotal (95% CI)

9.3%
8.9%
9.0%
9.1%
36.3%

0.40 [0.29, 0.51]
0.52 [0.38, 0.66]
0.53 [0.40, 0.66]
0.18[0.05, 0.31]
0.41 [0.25, 0.56]

Heterogeneity: Tau® = 0.02; Chi? = 17.25, df = 3 (P = 0.0006); P = 83%

Test for overall effect: Z = 5.14 (P < 0.00001)

1.7.2 Interstitlal Lung Disease (ILD)

Morell ILD 2008 0.38 0.0306
Pajares 2016 0.34 0.0768
Pourabdollah 2016 0.34 0.0909
Sheth 2017 0.36 0.0837
Subtotal (95% Cl)

10.0%
8.7%
8.3%
8.5%
35.5%

0.38 [0.32, 0.44]
0.34[0.19, 0.49]
0.34[0.16, 0.52]
0.36 [0.20, 0.52]
0.37 [0.32, 0.42]

Heterogeneity: Tau® = 0.00; Chi® = 0.38, df =3 (P = 0.94); F=0%

Test for overall effect: £ = 14.35 (P < 0.00001)

1.7.3 Diffuse Lung Disease (DLD)

Casoni 2008 0.65 0.0488
Ramaswamy 2016 0.53 0.0666
Sindhwani 2015 0.85¢ 0.05
Subiotal (95% CI)

9.6%
9.1%
9.6%
28.2%

0.65 [0.55, 0.75]
0.53[0.40, 0.66]
0.86 [0.76, 0.95]
0.68 [0.50, 0.86]

Heterogeneity: Tau? = 0.02; Chi? = 17.41, df = 2 (P = 0.0002); P = 89%

Test for overall effect: Z = 7.35 (P < 0.00001)

Total (95% CI)

100.0%

| 0.47 [0.35, 0.58]

Heterogeneity: Tau® = 0.03; Chi2= 110.86, df = 10 (P < 0.00001); B=91%

Test for overall effect: Z = 7.89 (P < 0.00001)

Test for subgroup differences: Chi®= 10.51, df =2 (P = 0.005), I = 81.0%
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Transbronchial Cryobiopsy

Figure 1. Transbronchial cryobiopsy procedure. (a) Fluoroscopic view of transbronchial lung cry-
obiopsy in the right lower lobe of a patient with intersitial lung disease. (b) Bronchoscope and
cryoprobe removed en bloc with frozen specimen at the tip of the cryoprobe. (¢) Cryobiopsy speci-

mens released from the cryoprobe into specimen container.
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Diagnostic accuracy of transbronchial lung cryobiopsy for
interstitial lung disease diagnosis (COLDICE): a prospective,
comparative study

= Multicenter, prospective study conducted across nine Australian tertfiary
hospitals with expertise in interventional pulmonology and interstitial lung disease.

* Inclusion Criteria: adults aged 18-80 years requiring lung biopsy for interstitial
lung disease diagnosis,

» Exclusion Criteria: Hypoxemia (SpO2 <90%), severe lung impairment (DLCO <40%
or TLC <50% predicted), high BMI (>40 kg/m?), pulmonary hypertension (RVSP >40
mm Hg or right ventricular dysfunction), excessive bleeding risk, or advanced
comorbidities.

» Screening and Enroliment: Centralized MDD determined biopsy necessity based
on baseline assessments and high-resolution CT imaging, along with clinical and
serological data.
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Histopathology assessment Multidisciplinary discussion
Stepland?2
1. Clinical detailst Provisional
—» diagnosis
2. High-resolution CT findingst
_» 65 l:r_',rol.}l{:psy Step33
specimens
65 patlern t undt?rwent 130 samples for masked Cryobiopsy or surgical lung biopsy i
sequential cryobiopsy ] histoathol histopatholoav findi Y Final
and surgical lung Paired > IStopathology P histopathology findings diagnosis
. K assessment
biopsy
65 surgical lung
—» biopsy specimens
Sets of slides for each tissue sample were encoded 1-130, 130 de-identified cases were presented at
by random allocation, for masked histopathology analysis multidisciplinary discussion in numerical
order, ¥ for consensus diagnosis
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Transbronchial lung cryobiopsy  Surgical lung biopsy 40+

[ TBLC

Histopathological patterns =
Usual interstitial pneumonia pattern consistent 41 (63%) 39 (60%) 357 ]
with idiopathic pulmonary fibrosis
Hypersensitivity pneumonitis 10 (15%) 15 (23%) g 307
Sarcoidosis 3 (5%) 2 (3%) g -
Respiratory bronchiolitis-ILD or desquamative 2 (3%) 2(3%) 5
interstitial pneumonia E 0
MNon-specific interstitial pneumonia overlapping 2(3%) 2(3%) g i
with organising pneumonia pattern E’,

15
Usual interstitial pnevmonia pattern consistent 0 2(3%) E °
with connective tissue disease-ILD E "
Unclassifiable 3(5%) 1(2%)
Mon-diagnostic tissue 3 (5%) 1(2%) 5
Non-ILD diagnosis* 1(2%) 1(2%) I
Multidisciplinary discussion diagnoses 0- | | . [l x I_l = [ = [ S T N s s S
Idiopathic pulmonary fibrosis 38 (58%) 35 (54%) IPF HP Sarcoid  Unclassifiable CTD-ILD S'::;iﬁl- MNon-ILD LAM
Hypersensitivity pneumonitis 15 (23%) 18 (28%) Diagnosis
Sarcoidosis 2(3%) 2(3%)
Smoking-related ILDT 1(2%) 2 (3%)
Connective tissue disease-ILD 1(2%) 2 (3%)
Lymphangioleiomyomatosis 1(2%) 1(2%)
Unclassifiable ILD 6(9%) 3(5%)

Mon-ILD diagnosis* 1(2%) 1(2%)

Histopathological agreement 70.8%

MDD agreement 76.9%
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Transbronchial lung cryobiopsy
MDD diagnosis

v

h 4

v

6 unclassifiable

20 low confidence

39 definite or high confidence

v

v

v

Concordant with SLB MDD
diagnosis

Concordant with SLB MDD
diagnosis

Concordant with SLB MDD
diagnosis

v v

v v

v v

1yes 5 no 12 yes 8 no 37 yes 2no
3 5LB MDD 25LB MDD 4 SLB MDD 4 5LB MDD 15LB MDD 15LE MDD
low definite unclassifiable | high unclassifiable |  high
confidence or high or low confidence diagnosis confidence
confidence confidence
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Frequencies of guideline-refined histopathology patterns

(number of patients)

20+

15+

= TELC
CI5SLE

Table 3. Frequencies of Guideline Criteria* for Usual Interstitial Pneumonia in
Cryobiopsy Compared with Surgical Biopsy (n = 33)

TBLC SLB

Pathological features
Predominantly subpleural® or paraseptal 8 (24.2%) 33 (100%)
fibrosis/architectural distortion (e.g.,
honeycomb change)®

Patchy fibrosis 33 (100%) 33 (100%)
Fibroblast foci 29 (87.9%) 33 (100%)
Absence of alternative diagnostic features 30 (90.9%) 31 (93.9%)
All four features observed 7 (21.2%) 31 (93.9%)
Three out of four features observed 21 (63.6%) 2 (6.1%)
Two out of four features observed 4 (12.1%) 0
One out of four features observed 1 (3.0%) 0

uIp

[ [
Probable UIP  Indeterminate  Alternative

for UIP

Histopathological patterns

diagnosis

Usual Interstitial Pneumonia Criteria for Cryobiopsy

Required

e Paichy involvement of lung parenchyma by fibrosis
« Fibroblast foci

e Absence of features to suggest an alternative diagnosis (e.g., granulomas, hyaline
membranes, prominent airway-centered changes, organizing pneumonia, marked
inflammatory cell infiltrate, prominent lymphoid hyperplasia, vasculitis, eosinophils)

May be present in some, but not all, cases

e Marked fibrosis/architectural distortion (i.e., destructive scarring and/or
honeycombing) in a predominantly subpleural or paraseptal distribution
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Poor Concordance between Sequential Transbronchial Lung
Cryobiopsy and Surgical Lung Biopsy in the Diagnosis of Diffuse (62 patients sareened |
Interstitial Lung Diseases

Micaela Romagnoli'?, Thomas V. Colby®, Jean-Philippe Berthet”, Anne Sophie Gamez', Jean-Pierre Mallet', [
Isabelle Serre®, Alessandra Cancellieri®, Alberto Cavazza’, Laurence Solovei®, Andrea Dell’Amore®, Giampiero Dolci®,
Aldo Guenrieri®, Paul Reynaud', Sébastien Bommart'®"", Maurizio Zompatori'?, Giorgia Dalpiaz'?, Stefano Nava®, 41 patients were excluded:

Rocco Trisolini®, Carey M. Suehs', Isabelle Vachier', Nicolas Molinari'*, and Araud Bourdin'-"' 12 patients did not give consent
9 connective tissue disease related
6 lost to follow-up after screening
4 definite UIP pattern; no need for biopsy
3 severe DL;g reduction; inoperable
3 severe comorbidities; inoperable
1 severe pulmonary hypertension
1 exogenous lipoid pneumonia according to
BAL
1 language barrier problem
+ 1 technical problem (cryoprobe empty)

MDA1 ]

[ 21 patients included ]

Same time
and locations
Comparison % Agreement (95% CI) K (95% CI) 1 mc [ sB }—r
TBLC vs. SLB 38 (18-62) 0.22 (0.01-0.44) -
TBLC vs. MDA2 48 (26-70) 0.31 (0.06-0.56) Routine pathology report
SLB vs. MDA2 62 (38-82) 0.51 (0.27-0.75) |
MDAZ: final diagnosis
Secondary outcomes
[ TBLC "Dlind" report [ SLB “blind” report J
Primary outcome

Figure 1. The study flowchart. Among 62 screened patients, 41 were excluded and 21 finally
included in the study. After an initial multidisciplinary assessment meeting (MDAT), transbronchial lung
cryobiopsies (IBLCs) and surgical lung biopsies (SLBs) were performed on all study participants and
their results included in a routine pathology report. A second multidisciplinary assassment meeting
(MDAZ2) was held to determine a final diagnosis. The primary outcome consisted in determining
concordance between blinded 1BLC and SLB results as well as between each type of biopsy and the
MDAZ final diagnosis. UIP = usual interstitial pneumonia.
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Diagnostic yield and safety of transbronchial lung cryobiopsy Transbronchial Lung Cryobiopsy in Patients with Interstitial Lung
and surgical lung biopsy in interstitial lung diseases: Disease

a systematic review and meta-analysis A Systematic Review

Fayez Kheir', Juan Pablo Uribe Becerra?, Brittany Bissell®*, Marya Ghazipura®87, Derrick Herman®, Stephanie M. Hon®,
5 3 G i S 2 s g : 3 Tanzib Hossain®, Yet H. Khor'®!'!, Shandra L. Knight'2, Michael Kreuter'®, Madalina Macrea'*, Manoj J. Mammen'®,
Irj&s _Rudngues y 2 ﬂ;l;:ardu'Es.tevau l.‘?ume’&syT *7, Ligia Maria Cqutlnhu i MaﬁrlTaETeresa. Rego”, Femando J. Martinez'®, Venerino Poletti'”-, Lauren Troy'?, Ganesh Raghu®, and Kevin C. Wilson?'
Firmino Machado®"*°, Antdnio Morais ®*' and Helder Novais Bastos &% " . _

Diagnosis Authors, year, reference Statistics for each study Event rate and 95% CI Diagnostic yield Diagnostic yield

Study or Subgroup Diagnostic yield SE Weight [V, Random, 95% CI IV, Random, 95% Cl
Event Lower Upper | Abdelghani 2019 093  0.04034 4.6% 093[0.85,1.01] -
MDD FRUCHTER et al. (2014) [42]# 0973 0.900 0993 - Aburto 2020 08 002495 56% 0.80[0.75, 0.85] -
GRIFF et al. {2014) [23] 0788 0.65T O0.AT9 it Aragaki-Nakahodo 2017 081 006538  314% 0.81 [0.88, 0.94] —_
PAJARES et al. (2014} [41] 0513 0360 0.664 —— :ﬁ&?o? 2017 0-:3 0%233;; g-;: gﬁ {g.z, g':i: -
HERMAMDEZ-GONZALEZ et al. (2015) [43] 0.788 0.617 0.895 —Ti ue LI . 800,88, 0. —
CASCANTE et al. (2016) [46] il 0.875 0759 0.340 - Camuset 2019 064 009798 1.9% 0641045089 __
RAMASWAMY et al. (2016) [45] 0661 0528 0772 —iz e 2016 087 004535 4% 087107609 _._
02019 085 005846  36% 0.85[0.74, 0.96]
KROMBORG-WHITE et al. (2017) [44] 0.737 0.576 0.852 —=— Cooley 2018 069 003668  49% 0691052 0.76] -~
BANGO-ALVAREZ et al. (2017} [23] 0.858 0.778 0913 = Dhooria 2018 078 003861 4.0% 0.78[0.71, 0.85] -
LEMTZ et al. (2018) [47] D.683 0.58T7 0.765 = Griff 2014 077 005836  35% 0.77[0.66, 0.88] —_
COOLEY et ol. (2018) [26]# 0.600 0.614 0757 = Hagmeyer 2016 075  0.06083 3.4% 0.75[0.63, 0.87] -
DHOORIA et al. (2018) [27]# 0781 0701 0844 = Hemandez-Gonzalez, 2015 079 0.0709 2.9% 0.79 [0.65, 0.93] —
HAGMEYER et al. (2019) [30] 0754 0.631 D0.846 e Jacob 2019 078 007323  28% 0.78[0.64, 0.92] —
HARARI et al. (2015) [29]# 0945 0.863 0879 - Kronborg-White 2017 084 005947  3.4% 0.84[0.72, 0.96] e
ROMAGNOLI et al. (2019} [62] 0.429 0240 0.640 —=— Kropski 2013 08 008 28%  080[084.09] -
SAMITAS et al. (2019} [15] 0760 0623 0.858 —-= et jdoasod :gﬁ’ g';:'] —
EIHR];F J{i’: Zf Téé;g]l[ggl[}g;] ggi: g;:g gg;g i Ramaswamy 2016 066 00633  32% 0.66[0.54, 0.78] —
: L M b Romagnoli 2019 081 00851  23% 0.81[0.64, 0.98] -
TROY et al. (2020) [61] 0.600 0477 0711 - Shafiek 2019 083 010844 1.6% 0.83[0.62, 1.04] _
ABURTO et al. (2020) [38]# 0907 0.864 09237 | She 2020 068 004308  44% 0.6810.58, 0.74] -
BONDUE et ai. {2020) [35]% 0.741 0.635 0824 - Sriprasart 2017 088 003778  48% 0.88[0.81,0.95] -
HUSSEIN et al. (2020) [40] 0957 0748 0994 —_— Tomassetti 2016 091 003758 489 091 [0.84, 0.98] -
KOSLOW et al. (2020) [34]# 0.550 0460 D0.63T _I- Troy 2020 0.89 003881 4.7% 0.89 [0.81, 0.97] —-—
PAJARES et al. (2020) [36]# 0476 0.390 0564 Unterman 2019 093 0.06819 3.0% 0.93 [0.80, 1.06] -
0768 0.701 0823 - Walscher 2013 073 004252  45% 0.73[0.65, 0.81] -
Overall 0769 0722 0810 . J e L .
=1 . ] 0. o - _ = _ N _ i 1 1 1
Histological: I”=88.7%; p<0.001 T el T ?25???325.22’;( 20'2%9(_];; u_:zob‘gdgcfﬁ)m (P < 000001 F =655 4 05 o 05 1

MDD: I’=86.3%; p<0.001 Diagnostic yield
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All Type of Bleeding All Type of Bleeding
Study or Subgroup All Type of Bleeding SE  Weight IV, Random, 95% Cl IV, Random, 959% Cl
Abdelghani 2019 028 007099 8.1% 0.28[0.14, 0.42]
Aragaki-Nakahodo 2017 0.67 007837  7.9% 0.67[0.52, 0.82] —_—
Camuset 2019 021 008314 7.7% 0.21 [0.05, 0.37]  —
Cirak 2020 048 005517  86% 0.4 [0.37, 0.59] —
Hemandez-Gonzalez, 2015 031 008051  7.8% 0.31 [0.15, 0.47] —_—
Jacob 2019 003 003016 92% 0.03 [-0.03, 0.09] -
Kronborg-White 2017 016 005047  85% 0.16 [0.04, 0.28] —_—
Pajares 2014 056 007349  7.8% 0.56 [0.40, 0.72] —_—
Ravaglia 2017 03 0088  82% 0.30[0.17, 0.43] —_—
Troy 2020 022 005138 87% 0.22[0.12, 0.32] —
Ussavarungsi 2017 022 004816  8.8% 0.22[0.13, 0.31] —_
Walscher 2019 058 004301  89% 0.28[0.20, 0.36] —_—
Total (95% CI) 100.0% 0.30 [0.20, 0.41] e
Heterogeneity: Tau? = 0.03; Chi® = 118.58, df = 11 (P < 0.00001); F = 91% —6 - _("}_25 : :]:25 0‘_ -

Test for overall effect: Z = 5.70 (P < 0.00001)

Bleeding Risk with Transbronchial Cryobiopsy

Authors, year, reference Statistics for each study Event rate and 95% CI
Event Lower Upper Re
rate limit limit w
FRUCHTER et al. (2014) [42]# 0.007 0.000 0.087 =
PAJARES et al. (2014) [41] 0.564 0.407 0.708 i
HERNANDEZ-GONZALEZ et al. (2015) [43] 0212 0.105 0.383 -
CASCANTE et al. (2016) [46] 0.036 0.008 0.134 -
RAVAGLIA et al (2016) [60]# 0.002 0.000 0.026 r
KRONMBORG-WHITE et ol (2017) [44] 0.184 0.090 0.339 -
BANGO-ALVAREZ et al. (2017) [23]# 0.160 0.102 0.243 3
LINHAS et ol. (2017) [25]# 0.056 0.023 0.127
LENTZ et al. (2018) [47]# 0.038 0.015 0.058
COOLEY et al. (2018) [26]# 0.038 0.017 0.081
DHOORIA et al. (2018) [27]# 0.055 0.026 0.110
CHO etal. (2019) [24] 0.100 0.038 0.238 L
ABDELGHANI et al. (2019) [28] 0.125 0.053 0267 L
HAGMEYER et l. (2013) [30] 0246 0.154 0.369 Lo
HARARI et al. (2019) [29]# 0.014 0.002 0.091 B
HETZEL et al. (2019) [18]# 0.162 0.127 0.203 [ ]
SAMITAS et al. (2019) [15] 0240 0.142 0.377 E ol
SHAFIEK et al. (2019) [32] 0.038 0.002 0.403 -
CIRAK et al. (2020) [31]# 0.195 0.123 0.295 el
BONDUE et al. (2020) [351# 0.358 0.261 0.468 -
GMASS et al. (2020) [39]# 0.004 0.000 0.066 B
HUSSEIN et al. {2020] [40] 0.043 0.006 0.252
KOSLOW et al. (2020) [34]# 0.067 0.034 0.128 E
PAJARES et al. (2020) [36]# 0.073 0.038 0.134
WANG et gl (2020) [37]# 0.057 0.022 0.143 [ ]
0.099 0.068 0.143
Overall: P=85.2%; p<0.001 =100 -0.50 0.00 0.50 1.00
Moderate/severe bleeding
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PTX
IV, Random, 95% CI

PTX
IV, Random, 95% CI

Pneumothorax Risk with Transbronchial Cryobiopsy

Study or Subgroup PTX SE  Weight

Abdelghani 2019 0.05 0.03446 51% 0.05[-0.02, 0.12] -1
Aragaki-Nakahodo 2017 011 0.05215 31% 011 [0.01, 0.21]

Bango-Alvarez 2017 0.05 002117 7.3% 0.05 (0.01, 0.09] ——
Bondue 2017 02 0.07303 1.9% 0.20 [0.08, 0.34]

Cascante 2016 015  0.04815 35% 0.15 (0.06, 0.24] —
Cirak 2020 0.07 0.02818 6.1% 0.07 [0.01, 0.13] —
Cooley 2018 011 0.02481 6.6% 0.11 [0.06, 0.16] -
Dhooria 2018 011 0.02766 6.2% 0.11 [0.06, 0.16] —
Echevarria-Uraga 2016 0.03 0.01708 8.0% 0.03 [-0.00, 0.08] T
Fruchter 2014 0.03 0.097 7.6% 0.03 [-0.01, 0.07] T

Hetzel 2019 0.08  0.02059 74% 0.08 [0.04, 0.12] -
Inomata 2020 0.05  0.08481 2.3% 0.05 [-0.08, 0.18] |

Jacob 2019 016  0.08481 2.3% 016 [0.03, 0.29]

Lentz 2018 0.03 0.01673 81% 0.03 [-0.00, 0.08] I~

Linhas 2017 022  0.04367 3.9% 0.22 (013, 0.31]

Pajares 2014 0.08  0.04344 4.0% 0.08 [-0.01, 0.17] T
Ravaglia 2017 0.16  0.05485 29% 0.16 [0.05, 0.27] -
Romagnoli 2019 01 006547 2.3% 0.10 [-0.03, 0.23] _

Sriprasart 2017 0.07 0.02966 5.8% 0.07 [0.01, 0.13] -
Walscher 2019 012 0.03113 56% 0.12 [0.06, 0.18] I
Total (95% CI) 100.0% 0.08 [0.06, 0.11] .

Heterogeneity: Tau? = 0.00; Chi® = 47.32, df = 19 (P = 0.00003); P’ = 60%

Test for overall effect: Z = 7.55 (P < 0.00001)

Technigue Authors, year, reference Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit
TBLC FRUCHTER et al. (2014) [42]# 0.007 0000 0.097 "
GRIFF et al. (2014) [33] 0009 0001 0134 F—
HERMANDEZ-GOMZALEZ et ol. (2015) [43] 0.030  0.004 0.186 =
CASCANTE et al. (2016) [46] 0127 0062 0244 o
RAVAGLIA et al. (2016) [60]# 0155 0118 0201 =
KROMBORG-WHITE et al. {2017) [44] 0211 0109 0368 -
BANGO-ALVAREZ et al. (2017) [23]# 0.019 0005 0.072 &
LINHAS et ol. (2017) [25]4 0200 0130 0295 -
LEMTZ et al. (2018) [47]# 0.029 0.009 0.086 -
COOLEY et al. (2018) [26]% 0.088 0.053 0.143 =
DHOORIA et ol. (2018) [27]# 0.086 0.048 0.149 =
CHO et ol. (2019 [24] 0.012 0001 0.167 p—
ABDELGHAMI et al. (2019) [28) 0.050 0.013 0179 -
HARARI et al. (2019) [29]# 0.027  0.007  0.103 .-
ROMAGNOLI et af. {2019) [62] 0.048 0007 0271 -—
SAMITAS et al. (2019) [15] 0.010 0001 0138 —
SHAFIEK et al. {2019} [32] 0.038  0.002 0.403 -—
CIRAK et al. (2020} [31]# 0.006 0.000 0.089 -
BONDUE ef al. (2020) [35]# 0111  0.058 0.200 -
GMASS et ol. (2020) [39]# 0.044 0018 0101 =
HUSSEIN et al. (2020) [40] 0.043 0006 0.252 —
KOSLOW et ol. (2020) [34)# 0.008 0001 0.057 -
PAJARES et al. (2020} [36]# 0.016 0.004 0.062 I
WANG et al. (2020 [37]# 0043 0014 0125 Lefi3
0.056 0.038 0.082 L
VATS FIBLA ef ol [2012) [2] 027 0012 0.058 w
LUO et al. (2013) [52] 0250 0130 0.426 -
MORRIS et al. (2014) [54] 0106 0.051 0.206 L
SAMEJIMA et al. (2015} [56] 0.039 0.022 0.068
LIEBERMAN ef al. (2017} [58] 0106 0.045 0.231 -
SUGIND et al. (2019) [45] 0.035 0.015  0.081
PASTRE et al. (2021) [50] 0.007 0002  0.029
0.055 0.025  0.114 *

TBLC: 2=71.5%; p<0.001
VATS: [2=84.0%; p<0.001

=1.00

/

-0.50

N

0.00 0.50 1.00

Pneumothorax
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Transbronchial Lung Cryobiopsy and Surgical Lung Biopsy:
A Prospective Multi-Centre Agreement Clinical Trial (CAN-ICE)

Marc Fortin', Moishe Liberman®, Antoine Delage®, Geneviéve Dion', Simon Martel’, Fabien Rolland®,
Thibaud Soumagne'®, Sylvain Trahan?, Deborah Assayag'’, Elisabeth Albert®, Margaret M. Kelly'?, Kerri A. Johannson'?,
Zachary Guenther'#, Charles Leduc®, Helene Manganas®, Julie Prenovault’, and Steeve Provencher’

¥
20 underwent TBCB and SLB

L

Blinded TBCB review by 3 pathologists

3 provisional TBCB-MDD diagnosis

MDD with clinical data + imaging by 3 ILD teams ==y .
per patient

3 final TBCB-MDD diagnosis per

MDD with clinical data + imaging + TBCB by 3 ILD teams >

patient
Blinded SLB review by 3 pathologists
x 3 provisional SLB-MDD diagnosis
MDD with clinical data + imaging by 3 ILD teams > per patient

- . — 3 final SLB-MDD diagnosis per
MDD with clinical data + imaging + SLB by 3 ILD teams > patient
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TBCB diagnosis

SLB diagnosis

Q

\_ Other

Unclassifiable

CAN-ICE
COLDICE

TBCB-MDD Diagnosis Sensitivity (%) Specificity (%)

UIP-IPF
fHP
UIP-IPF
fHP

81.3 79.6
51.6 86.2
91.4 83.3
61.1 91.5
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Transbronchial cryobiopsy followed by as-needed surgical
lung biopsy versus immediate surgical lung biopsy for
diagnosing interstitial lung disease (the COLD study):

a randomised controlled trial

Kirsten A Kalverda, Maarten K Ninaber, Lizzy Wijmans, fan von der Thilsen, René E Jonkers, Johannes M Daniels, Jelle R Miedema, Chris Dickhoff,
Jirgen Halters, David Heineman, Meriin Kant, Teodora Radonic, Ghada Shahin, Danielle Cohen, Bart Boerrigter, Suzan Nijman, Esther Nossent,
Jerry Braun, Bas Mathot, Venerino Poletti, [lirgen Hetzel, Marcel Dijkgraaf, Daniel A Korevaar, Peter | Bonta, Jouke T Annema

/

N

Multicentre, randomised = — s S SR
controlled frial in six hospitals a L
across the Netherlands
g F B0 -6 &
Step-up vs. Immediate SLB : "3
sfrategy B .
55 included and randomly assigned Lo %
¢ ¢ " Diagnostic I Unexpected " Moderateto In-hospital " Severe adverse 2
28 assigned to step-up strategy 27 assigned to immediate SLB yield (%) chest tube (%) mE ?a[i:J stay (days) everits (%)
8 underwent transbronchial cryobiops underwen i
’ 3 underwet:t additional SLBry £ . e
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Safety and diagnostic efficacy of cone
beam computed tomography-guided
transbronchial cryobiopsy for interstitial
lung disease: a cohort study

c) Outcomes of CBCT-guided TBCB

Complication
Pneumothorax
Mild bleeding
Moderate bleeding
Acute exacerbation of ILD

155

3(1.9%)
114 (74.8%)
19 (12.3%])

1(0.6%)

Post-bronchoscopy fever

11 (7.1%)

Diagnostic yields
Pathological diagnosis
MDD diagnosis

134 (86.5%)
140 [90.3%)

b) Patient characteristics

Patients
Median age years
Male-to-female (ratio)
Smokers
Environmental or occupational history
Mean FVC % predicted
Mean D¢ % predicted
HRCT pattern

Fibrotic

MNon-fibrotic
Cryoprobe

1.9 mm

2.4 mm
Biopsy site

Single segment

Multiple segments
Mean sample number
Mean sample size

Surface area mm?2

Long axis diameter mm

Short axis diameter mm
Mean CBCT scanning times
Cryoprobe re-position after CBCT
Radiation exposure mSv
Procedure duration min

155
55.2+12.1
90/65 (1.4]
73 (47.1%)
55 [34.5%)
88.6+20.5
68.0£19.5

67 [43.2%)
88 (56.8%)

48 [31.0%)
107 (69.0%)

72 [46.5%)
83 (53.5%)
3.39+0.96

24.5+11.1
5.4¢1.4
4.3+1.1
2.1+0.7

b6 [42.6%)
17.0£7.0
38.5+15.3
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3-5 transbronchial biopsy (TBFB)
samples are collected during
a routine bronchoscopy

UIP Genomic Classifier

How Envisia Works:

RMA Transcriptome Sequencing (aka RNASeq)

| 8 £ 4302 VN e b derned

isicy :
Envisic. DWW ez~ PATIENT REPORT
possor
LA EMVISIA REQ F; PAIIIS5S

PATIENT INFORMATION

PATIENT: Joha Bos BOB: H Mar 1853 GENDER: M LAB ID: F-012477 MRH #; 137654

COLLECTIGMDATE 5 May 2017 FACILITY NAME Urnhvsesity Hasgital of Arrplown

RECEIVED DATE 06 My 2017 REGUESTING PHYSICIAN Jang Démo PHONE (353} 5553555

REPORT DATE 17 May 2017 REPORT CC Donald Dems PHOMNE  [355) 555 5585

Spacimen Typs, Location: Transbronchial beopsy ( TEE) i e hung parenchyma

TEST RESULT

POSITIVE for Usual Intarstitial Fneumania (UIF).

Epithelial DNA is analyzed for
UIP signature

g J

Locked Envisia classifier is used
to designate either positive or
negative molecular UIP

The Envisia Genomic Classifier test is available as part of Veracyte’s CLIA-validated laboratory-developed test (LDT) service. This test has not been cleared or approved by the FDA.

California

/
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Use of a molecular classifier to identify usual interstitial
pneumonia in conventional transbronchial lung biopsy
samples: a prospective validation study

Ganesh Raghu, Kevin R Flaherty, David | Lederer, David A Lynch, Thomas V Colby, Jeffrey L Myers, Steve D Groshong, Brandon T Larsen,

Jonathan H Chung, Mark P Steele, Sadia Benzaguen, Karel Calero, Amy H Case, Gerard | Criner, Steven D Nathan, Navdeep 5 Rai,

Murali Ramaswarmy, Lars Hagmeyer, | Russell Davis, Umair A Gauhar, Daniel G Pankratz, Yoonha Chei, Jing Huang, P Sean Walsh, Hannah Neville,
Lori R Lofare, Neil M Barth, Giulia C Kennedy, Kevin K Brown, Fernando | Martinez

237 patients recruited from the BRAVE study, a prospective, noninterventional
study at 29 sites (US & Europe) with patients undergoing biopsy for ILD.

3-5 fransbronchial lung biopsy samples per patient were collected, pooled, and
analyzed using machine learning and whole-transcriptome RNA sequencing.

After exclusions, 90 patients were used 1o train the Envisia Genomic Classifier to
identify a 190-gene signature to differentiate UIP pattern.

The classifier was validated in 49 patients by comparing results with diagnostic
histopathology, and its clinical utility was assessed by multidisciplinary teames.

Callforma
’ \ Thoracic Society



Envisia Validation Perfformance

UIP frequency in study

UIP reference Non-UIP reference
standard (n=23) standard (n=26)

Classifier results

UIP 16 3

Non-UIP / 23

Sensitivity 70% (95% Cl 47-87)

Specificity 88% (95% Cl 70-98)

NPV 77% (95% Cl 58-90)

PPV 84% (95% Cl 60-97)

47%

’ \ California
’ \ Thoracic Society
ATS Chapter Serving California and Arizona



Utility of a Molecular Classifier as a Complement to High-Resolution
Computed Tomography to Identify Usual Interstitial Pneumonia

Luca Richeldi', Mary Beth Scholand?, David A. Lynch®, Thomas V. Colby*, Jeffrey L. Myers®, Steve D. Groshong®,
Jonathan H. Chung’, Sadia Benzaquen®, Steven D. Nathan®, J. Russell Davis'®, Shelley L. Schmidt'?,

Lars Hagmeyer'?, David Sonetti'®, Jurgen Hetzel', Gerard J. Criner'™*, Amy H. Case'®, Murali Ramaswamy'’,

Karel Calero'®, Umair A. Gauhar'®, Nina M. Patel®®, Lisa Lancaster’', Yoonha Choi??, Daniel G. Pankratz®?,

P. Sean Walsh®, Lori R. Lofaro®, Jing Huang®®, Sangeeta M. Bhorade™, Giulia C. Kennedy”?, Fernando J. Martinez™>*,
and Ganesh Raghu®*

Reference label
Non-UIP uIp
Envisia Non-UIP 35 23
E:n:ml:r uIp 3 35
Sensitivity 60.3% [46.6 — 73.0]
Specificity 92.1% [78.6 —98.9]
NPV 60.3% [46.6 — 73.0]
PPV 92.1% [78.6 —98.9]
UIP prevalence 60.4%
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Pathology Reference Standard

Local Radiology Result UIP (n=53) Non-UIP (n=32)
Definiteprobable UIP, n 18 1
Indeterminate for UIP/consistent with non-1IPF, n 35 31
Sensitivity, % (95% CI) 34.0 (21.5-48.3)
Specificity, % (95% CI) 96.9 (83.8-100)

NPV, % (95% CI) 47.0 (34.6-59.7)
PPV, % (95% Cl) 94.7 (74.0-99.9)
UIP prevalence, % 62.4
Pathology Reference Standard

Local Radiology + Envisia Classifier UIP {n =53) Non-UIP {n=32)
Definite/probable UIP or Envisia Classifier UIP, n 42 3
Indeterminate for UIP/consistent with non-IPF and 11 29

Enwvisia Classifier non-UIP, n
Sensitivity, % (95% CI) 79.2 (65.9-89.2)
Specificity, %6 (95% CI) 90.6 (75.0-98.0)

NPV, % (35% CI) 725 (56.1-85.4)
PPV, % (95% Cl) 93.3 (81.7-98.6)

UIP prevalence, %

62.4

California
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Patients with suspected ILD in whom obtaining histopathological data is
indicated (i.e. a high confidence MDD diagnosis cannot be made based on
clinical, laboratory and radiological data)

‘ -
HRCT: abnormalities are mainly located intra-alveolar or centrilobular
(e.g. suspected infection, AP, EP, OP, AH, DAD, CL, sarcoidosis)
Proposed diagnostic: consider BAL and/or TBLB

e _
HRCT: abnormalities are mainly located at the periphery of the
secondary pulmonary lobule or are characterised by variegated
features (e.g. suspected UIP/IPF, NSIP, HP, cystic nodular disorders)

Not discussed in the current guideline

o e

Patient considered Elia ble to undergo SLB
Proposed diagnostic: consider TBLC

See PICO Question 1 for details
Summary justification:

» Compared to SLB, it is expected that TBLC resuits in fewer serious
adverse events and costs, at the expense of lower diagnostic accuracy
« In general, the Task Force considers these advantages to outweigh
the disadvantages, especially in patients at higher risk of surgical
adverse events

¥

Non-informative TBLC
Proposed diagnostic: consider SLB

See PICO Question 3 for details
Summary justification:
« Performing step-up SLB after a non-diagnostic TBLC will improve
diagnostic yield, at the expense of additional adverse events
« In general, the Task Force considers these advantages to outweigh
the disadvantages, if MDD judges that obtaining histopathological
data is still indicated
« Whether this is also the case for a second TBLC is unknown due to
limited evidence

r

Patient not considered eligible to undergo 5LB
Proposed diagnostic: consider TBLC

See PICO Question 2 and Narrative Question 2 for details
Summary justification:

» Patients may be ineligible to undergo SLB due to severe respiratory
or comorbid disease, or rapidly progressive ILD with high risk of
further acceleration
» Data on diagnostic accuracy (and related) outcomes in patients not
eligible to undergo SLB is limited, yet it is anticipated that these can
be extrapolated from the considerable amount of data in patients
eligible to undergo SLB (PICO Question 1)

» Data on safety is limited and the Task Force acknowledges that the
variety of potential patients (and corresponding risks) in this context
is wide, and weighing the advantages and disadvantages of
performing TBLC will vary accordingly

r

Non-informative TBLC
Proposed diagnostic: no recommendations
See PICO Question 3 for details
Summary justification:
« Evidence on diagnostic accuracy and adverse events of a second TBLC

in this patient group is not available

"~

N
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Thank you for your time
and attention!
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When to use immunosuppressants
and antifibrotics in non-IPF ILD

Gabrielle Liu, MD, MS

Assistant Professor of Medicine

Associate Director, UC Davis ILD Program
UC Davis PCCSM

March 22, 2025
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ACR/CHEST guidelines for initial treatment of CTD-ILD

Systemic Sclerosis

Myositis Rheumatoid Arthritis Sjoégren’s

Preferred

First-line ILD
therapy

Additiona
options

+

Strong
(I Ig eIy  recommendation
against GCs

B Strong recommendation against

[ Conditional recommendation

Johnson et al. Arthritis Care Res 2024
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Systemic sclerosis-ILD: cyclophosphamide

= Cyclophosphamide (CYC) : alkylating agent that
impairs DNA replication and transcription -
cytotoxicity or altered function of affected cells

— Associated with hemorrhagic cystitis, bladder L, Cyclophosphamide
cancer, gonadal dysfunction/infertility

Flaceho

49,39 had
mpravement

7649 had
Iproyerent

= Scleroderma Lung Study |

— Double-blind RCT of CYC vs placebo for 12
months

— 158 patients with SSc-ILD

— Primary outcome: Mean diff in FVC at 12 months
was 2.53% (C1 0.28 — 4.29%), favoring CYC

— Improved dyspnea, skin thickening (mRSS),
functional ability

i I i -137 50, 7% had & had
— Hematuria, cytopenia, and pneumonia were more el - - 73.6% had
!

oo

Change from Baseline in FYC

i worsening WOrsening

common among patients in the CYC group | S - R
— Post-hoc analysis: Waning effects after treatment

* No difference in FVC compared to placebo
group at 24 months

[ ]

LG 15 Pl 25
Freauency (34)

HEALTH Tashkin et al. NEJM 2006; Tashkin et al. AJRCCM 2007



Systemic sclerosis-ILD: mycophenolate mofetil

= Mycophenolate mofetil (MMF): Inhibits purine 72 o fhyrephenclstemstet
nucleotide synthesis -- particularly in lymphocytes, — Cyclophosphamide
leading to decreased B-cell and T-cell proliferation
70
= Scleroderma Lung Study I
— Double-blind RCT of MMF (up to 3g/day) for 2 =)
years vs cyclophosphamide (CYC) for 1 year 5 Preferred
— 142 patients with SSc-ILD 5 Eirst-line ILD
— Primary outcome: no significant difference in g therapy
FVC % predicted change over 24 months
» Improved in both groups Additional
options
— Improved skin thickening in both groups equally _ _ |
— Better tolerability and toxicity profile with MMF: 0 "é 6 9 12 15 18 21 24
« Leukopenia and anemia less common Number of patients Fillavy-up raoths
Mycophenolate 69 64 60 54 59 51 49 47 53
* Fewer treatment-related SAEs and greater mofetil

time to withdrawal from study Cyclophosphamide 72

62 56 51 51 44 46 40 51

[{-ICEII,\‘I."}"I-IIS Allison and Eugui, Immunopharmacology 2000; Tashkin et al. Lancet Resp Med 2016



Worsening (decrease in No decline (increase in
FVC% predicted) FVC% predicted)

Systemic sclerosis-ILD: tocilizumab << - >

— Placebo (n=56)
— Tocilizumab (n=59)
p value (Van Elteren)=0-0016

60+

= Tocilizumab: Inhibits IL-6, a proinflammatory
cytokine that regulates the immune response and
is implicated in pathogenesis of autoimmune
disease

« faSScinate: Phase 2 RCT in 87 patients with SSc 5 1
(irreSpeCtive of ”_D) "o 30 20 10 0 10 20

u focussced Phase 3 RCT |n 210 patlentS W|th Change from baseline in FVC% predicted
SSc (65 — 67% with ILD)
— Primary skin fibrosis endpoint not met

— Secondary endpoint: Stabilization of FVC with
tocilizumab

— Week 48: LSM change in FVC % predicted

 -4.6 in placebo group vs. -0.4 in
tocilixumab group

— More SAEs in placebo group
= One of 2 FDA-approved meds for SSc-ILD

Patients (%)

40+

204

3 —&— Placebo (n=68)
_| - Tocilizumab (n=68)

Change from baseline in FVC% predicted (mean [95% Cl])

-9 1 T
0 8 16 24 36 48

Time (weeks)

HEALTH Choy et al. Nat Rev Rheumatol 2020; Khanna et al. Lancet 2016; Khanna et al. Lancet Resp Med 2020



Systemic sclerosis-ILD: Rituximab

Control
= Rituxmab: anti-CD20 antibody that depletes
peripheral B cells _
= 2small RCTs in SSc
= 14 pts with SSc-ILD: Rituximab add-on vs standard
treatment ;
« DESIRES: 56 patients with SSc (88% with ILD): & &

Rituximab monotherapy vs placebo
= Stabilization/improvement in FVC with RTX

= |Improvement in skin thickening

= DESIRES: Adverse drug reactions higher w/
rituximab

— Mucositis, decreased PMN, decreased WBC
more common

> p=0-044

1
)
1

1
w
1

A

T 1
12 24

[=}
.

Daoussis et al. Rheumatology 2010; Ebata et al. Lancet
HEALTH Rheumatology 2021 Time (weeks)



Scleroderma-, myositis-, MCTD-ILD: Rituximab

=  Rituximab:

HEALTH

RECTIAL trial:

Phase 2b RCT of rituximab vs
cyclophosphamide for 6 months

101 patients with severe or progressive
ILD due to scleroderma, idiopathic
myositis, MCTD
Primary end point:
« CYC and RTX had similar
improvement in FVC at week 24

e Effects consistent across CTD
subgroup

Quality of life scores improved similarly
in both groups

Fewer adverse events with RTX

Goldblum et al, Clin Exp Rheumatol 1993; Edwards et al.

400 —@- Cyclophosphamide
- Rituximab

Change in FVC from baseline (mL)

Time (weeks)

NEJM 2004; Maher et al, Lancet Respir Med 2023;



SSc-ILD recap

Mycophenolate Rituximab Tocilizumab

Improves skin Improves skin
thickening thickening

Impairs humoral Severely impairs
response to humoral

vaccination response to
vaccination

Improves skin

No change in skin

thickening thickening

Major toxicities

Risk of severe
infections with
long half-life; risk
of hypo-IgG

Calderon et al. Rheum Dis Clin North Am. 2024
HEALTH



ACR/CHEST guidelines for initial treatment of CTD-ILD

Systemic Sclerosis Myositis MCTD Rheumatoid Arthritis Sjogren’s

Preferred

First-line ILD

therapy
Additional
options
+
Strong
Glucocorticoids T T Ty prrn

against GCs

B Strong recommendation against  [[] Conditional recommendation

Johnson et al. Arthritis Care Res 2024
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Rheumatoid Arthritis

RA-ILD: immunosuppression

= No RCT data on efficacy of immunosuppression in RA-ILD population
— Recommendations based on RCTs from SSc-ILD or observational data

= Azathioprine (AZA): Thiopurine analog that inhibits leukocyte DNA synthesis and T-cell proliferation

= | Conflicting data on efficacy of azathioprine

= One unblinded RCT: prednisone + either cyclophosphamide or AZA for 1 year, among 60 patients with
SSc

— FVC pp and DLCO pp worsened with AZA but stable with cyclophosphamide

= Single-center retrospective study: Compared patients with fibrotic CTD-ILD on AZA (n=54) vs
mycophenolate (n=43)

— Improved yearly change in FVC pp with AZA:
 1.46% (CI 0.1 — 2.8%) with AZA vs -0.52% (-1.5 — 0.5%) with MMF
« Differences in CTD diagnosis and concurrent prednisone dose

— No significant difference in adverse outcomes (death, transplant, respiratory hospitalization) with
AZA in those with UIP pattern

HEALTH Nadashkevic et al. Clin Rheumatol 2006; Oldham et al. Respir Med 2016



HEALTH

RA-ILD: immunosuppression

Multicenter observational study of 212 pts with RA-ILD treated with mycophenolate (36%),

azathioprine (43%), rituximab (20%)
— FVC and DLCO improved after 12 months of treatment, no difference by HRCT pattern or choice of

agent

Rheumatoid Arthritis

— More treatment discontined due to adverse events with AZA (13%) vs MMF (3.9%) or RTX (2.3%)

Elevated transaminases, recurrent infections more common with AZA

Azathioprine Mycophenolate
A B
[— Fitted - -- - Pretreatment trend | |[— Fitted - -- - Pretreatment trend |
90 7 month] %07 12 month
3.84% 4.55%

- P=0.0708 P=0.0028
2 80+ 80 -
o
-
o
a
3‘2 70 \ 70 \
(3] e
= R = SO
T8

60 i 60 5

50 T T T T T T 50 T T T T T T T T T

-24 -18 -12 12 18 24 -24 -18 -12 6 0 6 12 18 24

Nadashkevic et al. Clin Rheumatol 2006; Matson et al. Chest 2023

Rituximab
Cc
|— Fitted - - - - Pretreatment trend |

90 12 month
3.26%
P=0.0513

80 _\

70 | 0T o

60 -

50 o T T T T T

24 -18 12 6 12 18 24



Rheumatoid Arthritis

RA-ILD: first line treatment

=  Significant uncertainty as to which drugs are most effective

= Consider controlling joint disease
— High RA disease activity is associated with risk of disease progression and mortality in RA-ILD
— Rituximab: FDA-approved to treat RA, significantly improves RA disease activity
— Tocilizumab: FDA-approved to treat RA, improves RA disease activity
— Mycophenolate: Poor efficacy in controlling RA joint disease
— Azathioprine: Not one of recommend DMARDs in ACR or EULAR RA practice guidelines
* Generally felt to be less effective

— Yes c— [ Joint disease controlled? ] — 1! -3

( ) (- )

- Add on mycophenolate - SW|tCh to Rituximab
- Add or switch to Rituximab - Switch DMARDs, add MMF

- Add on azathioprine? - Switch to azathioprine?
\. J - Switch to tocilizumab?

HEALTH Brooks et al. Rheumatology 2022; Chai et al. Front Med 2023; Liu et al. Int J Rheum Dis 2022 ; Edwards et al NEJM 2004;



Progressive pulmonary fibrosis: Nintedanib

= Nintedanib: Tyrosine kinase inhibitor, inhibits growth factor signaling reducing proliferation of lung
fibroblasts, differentiation to myofibroblasts, and ECM deposition
= INBUILD:
— Phase 3 RCT of Nintedanib vs placebo for 1 year
— 663 patients with PPF
« 26% HP, 26% CTD-ILD, 19% iNSIP, 17% Unclassifiable, 12% other fibrosing ILD
« Could not be on immunosuppression
— Primary outcome: 1 year decline in FVC:
« Nintedanib: -81 ml/yr, Placebo: -188 ml/yr
« Consistent between imaging pattern (UIP vs other)
— Post-hoc subgroup analyses: effect consistent cross ILD diagnosis subgroup
— Death or acute ILD exacerbation: HR 0.68 (Cl 0.46 — 1.01)
— Diarrhea, nausea common with nintedanib
« 20% discontinued nintedanib due to AE (vs 10% with placebo)

HEALTH Flaherty et al. NEJM 2019; Wells et al. Lancet Respir Med 2020



Systemic sclerosis-ILD: Nintedanib

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

= Nintedanib: Tyrosine kinase inhibitor, inhibits P=0.04
. . . . . ' I | s
growth factor signaling reducing proliferation of - T -
lung fibroblasts, differentiation to myofibroblasts, - = _ : _ _
L Patients taking mycophenolate at baseline Patients not taking mycophenolate at baseline
and ECM depOS|t|On Nintedanib Placebo Nintedanib Placebo
(n=138) (n=140) (n=149) (n=148)

= SENSCIS: B B e

— RCT of Nintedanib add-on vs placebo (could
receive MMF or MTX or pred <10 mg/day)

— 576 SSc-ILD patients (no requirement for ;; _80_ - |
PPF) £ S 665 39
. :BTE: -100- -[
— Primary outcome: lower annual rate of FVC $  -0- 1
change with Nintedanib -140- -3
 MMF + Nintedanib = least decline 160
_ l
— No change in skin thickening O Nitedanis _ Plagebo

— Higher discontinuation due to adverse event (N=287)  (N=288)

with Nintedanib (16% vs 8.7% placebo)

HEALTH Distler et al. NEJM 2019; Highland et al. Lancet Respir Med 2021



Pirfenidone: Progressive pulmonary fibrosis and RA-ILD

HEALTH

Pirfenidone: Unclear mechanism of action but has anti-
inflammatory and antifibrotic properties

RELIEF: Phase 2 trial of pirfenidone vs placebo for 48 A
weeks
— 127 patients with PPF randomized 3
 45% HP, CTD-ILD 29%, iNSIP 21% g
— Stopped early for futility due to slow recruitment i -80-  _a3mL I
— Primary outcomes: Slower decline in FVC pp with § 1004 1 |
pirfenidone § 1204 -85 mL. -68 mL
S -140-
TRAIL1: Phase 2 trial of pirfenidone vs placebo for 52w 5 4. T Estimated difference in patients with
~ 123 RA-ILD pts £ _1804 l UIP126 mL peryear (SD 39), p=0-0014
K Estimated difference in patients without
— Stopped early due to slow recruitment LSk ~169mL  UIP-17 mL peryear (SD 53), p=05737
— Primary endpoint (FVC pp decline >10% or death) was = - " e " . " et '
not significant (11% pirfenidone vs 15% placebo) sopwthlUP  wihDP  goup | widoutUP
without UIP

— Slower rate of FVC decline (-66 ml/yr vs -146 ml/yr)
* Most pronounced with UIP pattern

Gl side effects more common with pirfenidone

Behr et al. Lancet Respir Med 2021; Solomon et al. Lancet Respir Med 2023



Real world use of antifibrotics in RA-ILD

= Single center retrospective cohort of 74 patients with RA-ILD on nintedanib (n=50)
or pirfenidone (n=34)
— Slower decline in FVCpp trajectory after initiation of both antifibrotics

— Initial antifibrotic discontinued in 46% of patients, no difference between
nintedanib and pirfenidone

B. C.

o o

= Slope pre-nintedanib = -6.1% per year 2 Slope pre-pirfenidone = -6.5% per year
Slope post-nintedanib = +0.5% per year Slope post-pirfenidone = -1.5% per year
p=0.11 p=015

:
;

60
60

-50 0 50 | -50 0 50

Weeks from nintedanib initiation Weeks from pirfenidane initiation

HEALTH Juge et al. Semin Arthritis Rheum 2024



Antifibrotics Recap

= When to initiate antifibrotics in CTD-ILD?
— Scleroderma-ILD:
« With evidence of progressive fibrosis: Nintedanib

« Can also consider Nintedanib as first line treatment in conjunction with
Immunosuppression, particularly in severe disease

- RA-ILD:
« With evidence of progressive fibrosis: Nintedanib, pirfenidone

— Other CTD-ILD
« With evidence of progressive fibrosis: Nintedenib

HEALTH



Hypersensitivity pneumonitis

= |dentification and removal of inciting antigen is critical

— Associated with improved survival and improved lung function in multiple
retrospective cohort studies

<
18 TR ——  No Fibrosis, Identified 1A
_LHHL‘ SN e No Fibrosis, Unidentified 1A
L 1, — I 8 A — Fibrosis, Identified IA
os \ Antigen identified and removed - - % - = = Fibrosis, Unidentified IA
- Antigen identified and not removed it '-'
> —_— Antigen not identified e
= 06- 2 o
£ 2 ° 7 L
o 8 '
= a
Ugj 04 .g -
5 o 7]
w
0.2
o~
= | < . S
A W y
— _ . : _ | R SR S S
0 5 10 15 2 A T
ol Tteeeetecccras
Ti i r o
ime in years I r . : '
0 5 10 15 20 25

HEALTH Robertshaw et al. BMC Pulmonary Med 2024; Fernandez-Perez et al. Chest 2013



Hypersensitivity pneumonitis

|ldentification and removal of inciting antigen is key

— Associated with improved survival and improved lung function in multiple
retrospective cohort studies
Non-fibrotic HP

o B

e I

e 60 -8 35 24 12 [i] 12 24 i 60 45 38 24 12
Time interval (months) Time interval (months)
30 Fibrotic HP
C )
20

No fibrosis Mild fibrosis (< 10%  Moderate fibrosis  Severe fibrosis (>50%
HRCT affected) (10-50% affected) affected)

% of Patients with > 10% improvement in FVC
following antigen removal

60

FVC
DLCO

50

FVC

3% =) 0 5] T4 0 ry 3% =
Time interval (months) Time interval (months)

HEALTH Robertshaw et al. BMC Pulmonary Med 2024; De Sadeleer et al, J Clin Med 2019



Hypersensitivity pneumonitis

Treatment of hypersensitivity pneumonitis often involves immunosuppression

What is the evidence for this?

HEALTH



Hypersensitivity pneumonitis: immunosuppression

= Unclear impact of immunosuppression

on lung function in HP 1 /min /mmHg oL

o

=  Only 1 RCT, which was in acute
farmer’s lung: 20

= Double-blind RCT of 36 patients with
farmer’s lung (unknown if fibrotic or
non-fibrotic):

— Prednisolone (40 mg daily follow by 5
taper) vs placebo for 8 weeks

— Significant improvement in DLCO
(but not FVC, FEV1, or Pa02) with
prednisolone 10

— No difference in lung function 5 01 3 ¢ 12 months
years later

HEALTH Kokkarinen, Tukiainen, Terho et al. Am Rev Respir Dis 1992



Hypersensitivity pneumonitis: Immunosuppression

>
w

= Several retrospective cohort

80 80

studies with some conflicting .| .

results as to impact of : e T

immunosuppression on HP :ﬁf"" ?E‘”‘”'

outcomes S 50 % \////
= Several have shown - 40 102,53 " w0- 142;;

treatment with prednisone or of o=t LT

MMF or AZA IS aSSOCIated = Mc:r:tshs b_e;lfire a_r?d aft:r MMl?orA;iinit:aBtion “ = Mo_r:t?'ls b_;fire a_nad afteor MMl?orA;i init:afiion “

\tl)vlljtthnlcr:: ?:r\c;\(/:ement In DLCO — Fitted ----- Pretreatment trend — Pitedi~~~~- Pretreatment trend

HEALTH Morisset et al. Chest 2017; Fiddler et al. Clin Respir J 2019, De Sadeleer et al, J Clin Med 2019



Hypersensitivity pneumonitis: Corticosteroids

Non-fibrotic HP
A B

- Single-center retrospective O w

study of 202 patients with HP & . /

. Improvements in FVC and .
DLCO seen after steroid I N . O N T

DLCO

F

initiation in non-fibrotic HP, o Fibrotic HP
but not fibrotic HP f P
O
g 80 \ Q_IJ \
” Time iniierval (mor?ths) ’ “ “ “ ” * Time in?idewal (mor?ths)

HEALTH De Sadeleer et al, J Clin Med 2019



Hypersensitivity pneumonitis: Immunosuppression

= Immunosuppression is associated i B
with increased mortality risk: HR - e
5.37 (Cl 1.08 — 26.67) |
— After adjusting for age, sex, Towl
race FVC % predicted, DLCO 7
% predicted, and identified 0257 — v
antgen ] e g g
- No significant differences " 5 - 3
between treatment with e N 2 o5 ) )
prednisone, MMF, or AZA Therapy 93 % 3 o 2
=  Treatment with MMF or AZA
associated with fewer adverse

effects than prednisone e
Time months

PRED 154 130 113 95 83 72
AZA B3 46 33 80 21 18
MMF 78 &2 46 35 27 19

——PRED - AZA ---- MMF

HEALTH Adegunsoye et al. ERJ Open Res 2017



Hypersensitivity pneumonitis: Immunosuppression response

Interaction with HP antigen:

= Patients with HP and unknown antigen have worse survival with immunosuppression
vs no treatment in primary cohort and validation cohort

C
Avian Antigen Mold Antigen Unknown Antigen
100 - iy 100 A . 100 A
o 5 o T‘H—L o
2 75 - : 2 754 Ty = 75 —
© © | © b
£ 50+ € 50 1 € 50+ .
8 8 -8
E 25 A aHR 0.41 (95% C1 0.11-1.59) g_h’ 25 A aHR 1.13 (95% Cl 0.26-4.97) E 25 1 aHR 2.65 (95% Cl 1.01-6.92)
HR 1.03 (95% Cl 0.49-2.20) HR 2.63 (95% Cl 1.13-6.15) HR 1.86 (95% CI 1.03-3.36)
0 _1 T T T T T 0 _I T T T T T 0 _[ T T T T T
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Years Years Years
D E I
Avian Antigen Validation Mold Antigen Validation Unknown Antigen Validation
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Hypersensitivity pneumonitis: Immunosuppression response

Interaction with short telomeres:

= Mycophenolate associated with & W R

improved survival amonq patients

with chronic HP without short & B
telomeres "—;—:E
=  Among chronic HP patients with 1 [ . )
w50 - Q1 +MMF

short telomeres, MMF therapy is
not associated with improved
survival or lung function

N

Log rank p=0.023

Y

0 +
0 12 24 36 48
Time months

a1, - MMF 21 e 0 0 0

Q2-Q4. - MMF 51 31 19 10 9

HEALTH Adegunsoye et al. Eur Repsir J 2021



Hypersensitivity pneumonitis recap

HEALTH

Very little evidence to support using immunosuppression, particularly in fibrotic/chronic
hypersensitivity pneumonitis

Good evidence for using Nintedanib for progressive pulmonary fibrosis associated with HP
Antigen removal is associated with less decline in lung function and improved survival

When to consider immmunosuppression and antifibrotics in HP?
— Antigen removed and mild disease - consider just close monitoring
— Antigen removed and moderate/severe non-fibrotic HP - corticosteroids + monitoring
« |f disease not completely resolved, consider adding MMF or AZA to wean steroids
— Fibrotic HP - consider corticosteroids with short follow-up to evaluate response

« Switch to Nintedanib if there is evidence of progression (especially if no antigen
identified)

« “?Nintedanib up front rather than corticosteroids
— Progressive fibrosis despite antigen removal or immunosuppression—-> add Nintedanib
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Disclosures

| have the following relationships with ACCME defined ineligible companies:
None

| WILL NOT discuss off-label use and/or investigational use of any drugs or
devices.
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Patient 1

exertion

- Developed dyspnea after viral -
illness in 2019; worsening in the past -
year

- Only able to walk 1 block before -
needing to rest

- Requiring 2-4L NC with exertfion -

- No fevers, chills, night sweats,

weight gain, leg swelling

/4F w/ PMH OSA on CPAP, osteoporosis referred to pulmonology for dyspnea on

Brief HPI: Social/exposure history:

Works as a high school teacher
Uses swim spa 1-2x/day for past 6
years

Minimal smoking history (1p/week
x6 yrs, quit >40y ago)

No birds or down products

Family history:

No family history of ILD, premature
graying, cirrhosis, bone marrow
dysfunction

Callforma
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Patient 1

/4F w/ PMH OSA on CPAP, osteoporosis referred to pulmonology for dyspnea on

exertion

Exam:
- Unremarkable, occasional
inspiratory squeaks

PFTs:

- FEVI1/FVC 0.79

- FEV1 1.81, z-score -1.09
- FVC 2.30, z-score -1.2

- DLCO 18.7, z-score 0.24
- TLC 5.52L, z-score 0.45

- RV 3.04, z-score 1.87
No BDR

Notable labs:
- Anfi-Ro: 40 (elevated)
- Anfi-RNA-pol lll: 20.5 (barely

elevated)

- All else negative

J\
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Patient 2

57F w/ PMH 2¢pulm cocci s/p fluconazole x3mo referred for ILD

Brief HPI: Social/exposure history:

- Developed dyspneaq, dry cough in - Works as merchandise manager at
3/2024; treated for CAP x2 without grocery store; significant dust
improvement exposure

- Cocci Ab screen (+), but CF (-); - Field/farm exposure near living area
treated with fluconazole x3mo

- CT PE with findings of diffuse ILD Family history:

- Since 4/2024 requiring 4-6L NC with - Mofther -- Raynaud’s
exertion - Father -- Raynaud’s, +premature

- Reports puffy/tight fingers >20y, graying (starfed at 18yo)
Raynaud'’s, difficulty swallowing, - +premature graying in mulfiple

siblings (started in their 20s)
- No ILD, CTD, cirrhosis, or bone
marrow dysfunction

photosensitivity

Callforma
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Patient 2

57F w/ PMH 2¢pulm cocci s/p fluconazole x3mo referred for ILD

Exam:

- CTAB, clubbing

- Puffy and tight skin with minimal skin
folds on digits of bilateral hands

PFTs:

- FEV1/FVC 0.92

- FEV1 1.90, 91% pred

- FVC 2.07, 81% pred

- DLCO 11.19, 62% pred

Ex ox:
- 98 --> 94% on RA with exertion

Notable labs:

6/2024
- ANA + 1:1280, speckled
- Anfi-DS Ab 14 (positive)

3/2024
ANA + 1:1280, speckled
- DS-DNA 9 (neg)
- Anfi-ENAs (SSA/SSB) negative
- Anfi-SCL-70 negative
- Mayo myositis panel negative
- Anti-Jo-1 negative
- Anfi centromere negative
- CCP negative
- Anti-RP negative

Callforma

’ \ Thoracic Society
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Patient 3

/1M w/ PMH migraines, OSA, and hypothyroidism referred for ILD

Brief HPI: Social/exposure history:

- Incidentally noted ILD on work-up -
for kidney stones
- Asymptomatic

Retired, worked as a management
consultant

Has down pillows

No hot fubs, asbestos, pets

Family history:

Mother — NHL

Father — “crystalline quality to
lungs”, worked with fumes and had
asbestos exposure without PPE

No ILD, CTD, cirrhosis, or premature

graying

Callforma
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Patient 3
/1M w/ PMH migraines, OSA, and hypothyroidism referred for ILD

Exam: Notable labs:
- Fine bibasilar crackles, no clubbing - 2/2023
- RF, ANCA, SSA, SSB, Scl70, HP
PFTs: panel negative
- 3/2023

- FVC 5.51, 127% pred
- FEV1 4.09, 141% pred
- TLC 10.73, 165% pred
- DLCO 24, 104% pred
- 6/2023
- FVC 5.28, 121% pred
- DLCO 20.39
- 9/2023
- FVC 5.18, 119% pred
- TLC 7.77, 119% pred
- DLCO 20.68, 90% pred
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Patient 4
50M w/ PMH COVID x3 referred for fibrotic lung disease

Brief HPI: Social/exposure history:
- First developed COVID 2021, had - Poured asphalt x1 year, worked as
mild dyspnea on exertion delivery driver for many years
- Developed 3@ COVID infection in - Never smoker
2023 and has had progressive - Mother had birds
dyspnea with oxygen requirement
- Now requiring 3L at rest, 8L with Family history:
exertion - Mother - ILD after COVID, cirrhosis
- Started on OFEV by local (thought secondary to NASH)
pulmonologist - GM-COPD
- No fevers, chills, autoimmune - No CTD or premature graying

symptoms
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Patient 4

50M w/ PMH COVID x3 referred for fibrotic lung disease

Exam:
- On 3L NC satting 97%
- Bibasilar crackles, no clubbing

PFTs:
- 7/2024
Spirometry shows normal
FEV1/FVC ratio
- FVC is decreased and there is
no reversibility with
bronchodilator
- Lung volumes show severe
restriction
DLCO is severely reduced

Ex ox:
- Desaturation to 81% on 3L, required
10L to improve saturation >88%

Notable labs:
- 8/2024
ANA: positive, speckled, 1:80
- Anfi Ro: >100
- SSA 52 1gG: >200
- Anfi La: negative
- Anfti-Scl/70: negative
- Anfi-RNP: negative
- AntiJol: <20
- Mayo myositis panel: negative
- RNA pol lll: negative
- MPO Ab: negative
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Patient 4

Telomere testing:

Genetic testing:

50M w/ PMH COVID x3 referred for fibrotic lung disease

VH = Very High [z 28th percenfile)
WTLTORLR | (TN e H w High (2 DOKh and < BHh parosnfie)
M = Marmal (2 10th and < S0ih parcentik)
| (kby | (kR) (kiky | (kb L= Low (2 1stand < 10th percentile)
_ _ _ _ VL =Very Low (<15l parcentile)
4.8 G.4 L &S g0 L
SUMMARY OF RESULTS: Indeterminate
Sequence Variant(s):
Gene Mode of DMNA Variations, Highest Allele In Silice
Trans cript Inheritance, Predicted Effects, ClinVar ID Frequency in a Missense Interpretation
Gene OMIM Zygosity gnomAD Population Predictions
CFTR, AD AR, €A727G>C, 0.77%,
NM_000492 3 602421 ﬁfgggf;;ﬂé 185 Eurapean (Non-Finnish) Conflicting UNCERTAIN
CFTR. AD AR, ¢.2002C>T, 0.93%. .
NM 000492 3 602421 ﬁ:ﬁﬁ:ﬁé 35835 European (Non-Finnish) Damaging UNCERTAIN
£ A210-34TG[11T]5]
ﬁ;Tgbmgz_z gﬁ’é _f‘;' ‘E’T":;Enf';"a‘g}' 242535 Not Applicable Not Applicable | LIKELY BENIGN
- Heterozygous
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