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David Tom Cooke, MD
Professor
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Dr. David Tom Cooke is a Professor at the University of California, Davis School
of Medicine. He is the founding Chief of the Division of General Thoracic
Surgery, Director of the General Thoracic Surgery Robotics Program, the Vice
Chair for Faculty Development and Wellness for the Department of Surgery, the
Associate Director for the Office of Inclusivity, Diversity, Equity and Accessibility
(IDEAL) and the Interim Physician-in-Chief, UC Davis NCI designated
Comprehensive Cancer Center. Dr. Cooke specializes in the surgical treatment
of malignant and benign lung and esophageal disease and is a national leader in
robotic thoracic surgery. Dr. Cooke's research includes oncologic trials, surgical
outcomes/health services research, patient-centered outcomes research,
surgical education, medical social media, and public medical communication. He
has authored over 100 peer-reviewed publications. He is president of the
Thoracic Surgery Directors Association, a director of the American Board of
Thoracic Surgery, a director of the Accreditation Council for Graduate Medical
Education (ACGME), member of the American Surgical Association and an
associate member of the American College of Surgeons Academy of Master
Surgeon Educators. Dr. Cooke currently serves on the American Lung
Association National Lung Cancer Expert Medical Advisory Panel. Dr. Cooke
completed his cardiothoracic surgery training at the University of Michigan in Ann
Arbor, general surgery residency at the Massachusetts General Hospital in
Boston, medical school at Harvard Medical School and undergraduate at UC
Berkeley.
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= Bristol Meyers Squibb
— Speakers Honoraria

= AMGEN and AstraZeneca
— Support for the UCLCC Screening & Prevention Taskforce



Lung cancer kills more Men AND Women...

Breast Cancer

4

Prostate Cancer

4

Colon Cancer

Lung Cancer >



*Close to 238,000 people will be diagnosed with lung cancer this year, with the rate of new cases
varying by state.

*Lung cancer has one of the lowest five-year survival rates because cases are often diagnosed at
later stages, when the disease is less likely to be curable. The national average of people alive five
years after a lung cancer diagnosis is 26.6%

*Nationally, only 26.6% of cases are diagnosed at an early stage.
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Morris CR, Movsisyan A, Hofer BM, Parikh-Patel A, Keegan THM, Cooke DT, Wun T.

Compared with White patients, Black/African American patients were more
likely to be diagnosed at late-stage disease.

Late stage at diagnosis was examined for six screen-detectable cancers:
female breast, cervical, colorectal, prostate, lung, and oropharyngeal cancers.
A significantly higher percentage of Black/African American (vs. White)
patients with lung (78.4 vs. 72.9 percent), and other cancers were diagnosed
at late stage.




Decline in the death rate from Lung Cancer:

Sped up from 3 percent per year during the 2008-2013
period to 5 percent annually for men for the following
five-year period.

For women, the decrease accelerated from 2 to
almost 4 percent.




= Cancer mortality rates among Black/African American men
declined by 2.3 percent per year for all cancers combined.

= Among Black/African American women, cancer mortality
rates for all cancers combined declined as well, by 2.1
percent per year.
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<5%
5 year Survival with Best Medical Management



O

>80%
5 year Survival After Surgery



Goal of Lung Cancer Screening

No Symptoms Symptoms

-

Screening

Stage | _ Stage IV
>80% 5 year Survival <5% 5 year

Survival




 To determine whether screening with low-dose computed
tomography (LDCT), as compared with chest radiography (CXR),
reduces mortality from lung cancer among high-risk persons
- Eligible participants
- 55-74 years old
 History of cigarette smoking of at least 30 pack-years

 |If former smoker, had quit within the previous 15 years




National Lung Screening Trial: NLST
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National Lung Screening Trial
Results: Stage Shift
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* Black/AA smokers have a higher risk of lung cancer and at
lower levels of smoking intensity than White smokers’

» Latino/Hispanics who smoke accumulate fewer pack-years
than White smokers?3

= Women accumulate fewer pack-years than men#*

N Engl J Med. 2006;354(4):333-342.
Am J Prev Med. 2014;46(5):496-500.
Tob Induc Dis. 2016;14:23

N Engl J Med. 2013;368(8):728-736.

W~



* Southern Community Cohort Study participants found that 17%
of Black/AAs who smoke were eligible for lung cancer
screening based on the 2013 USPSTF eligibility criteria
compared with 31% of White smokers.

= Among those diagnosed with lung cancer, only 32% of
Black/AA persons who smoke were eligible for screening
compared to 56% of White smokers.

JAMA Oncol. 2019;5(9):1318-1324.



= African-Americans are more likely to die from Lung Cancer
than White Americans. But African-Americans are screened
less.

= However, African-Americans may have a higher incidence of
positive screening exams.

= When detected by screening, AA exhibit the same
survival advantage and lower stage detection as
their white counterparts.

Pasquinelli MM, et al. JAMA Oncol. 2018;4(9):1291-1293.






* New criteria would increase the relative percentage of persons

eligible for screening by 87% overall
— 78% in White adults, 107% Black adults, and 112% in Hispanic adults
compared with 2013 USPSTF criteria.

* Increase the relative percentage of persons eligible for
screening by 80% in men and by 96% in women.

Agency for Healthcare Research and Quality; 2021.
AHRQ publication 20-05266-EF-2.






= ALA survey of over 1,000 people eligible for LCS, only 15%
aware that LCS is an essential health benefit and covered by
most healthcare plans with no or minimal costs.

= The top reason why not screened their doctor never
recommended it.

= 3% of women cited lung cancer as a relevant health issue.

https://www.lung.org/our-initiatives/lung-force/lung-health-
barometer



National Failure: Patient Communication

» Rates of Physician-Patient Discussions About Lung Cancer
Screening Very Low and Declining (American Association for
Cancer Research)

— Prevalence of physician-patient discussions about lung cancer

screening
In 2012

6.7% in the general population
12% among current smokers

In 2017

4.3% in the general population
8.7% among current smokers













Description: The Healthcare Effectiveness Data and Information Set (HEDIS) is a tool used by
more than 90 percent of U.S. health plans to measure performance on important dimensions of
care and service. More than 190 million people are enrolled in health plans that report quality
results using HEDIS. Since 2008, HEDIS has also been available for use by medical providers and
practices. Because so many health plans use HEDIS and because the measures are so specifically
defined, HEDIS can be used to make comparisons among plans. To ensure that HEDIS stays
current, the National Committee for Quality Assurance (NCQA) has established a process to
evolve the measurement set each year through its Committee on Performance Measurement.
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Patient Centered Outcomes Research



Title:

Enhancing Electronic Health Systems to Decrease the Burden of
Colon Cancer, Lung Cancer, Obesity, Vaccine-Preventable [llness, and

Liver Cancer (CLOVER)
Project: GRANT12965631 (Chak)
Eric Wai Chak, M.D., M.P.H. Agency: National Institutes of Health
CLOVER Parameter | Outcome Measure #At-Risk Baseline Adherence | CLOVER Adherence | Relative Change
(Prior to August (August 2020-May
2020) 2021)
Lung Cancer CT Lung Completion 280 6% 18.9% 315%










What is an Integrated Service Line?

= An Integrated Service Line (ISL) is the organization of
multidisciplinary clinical programs into an integrated care
continuum around a population or disease state.

= Service lines reach beyond the traditional departmental structure in
that the accountability and responsibility for optimizing clinical
services, non-clinical operations, and capital and operational budgets
reside with service line leadership (may be matrixed with clinical
departments and operations).

HEALTH Integrated Service Lines Program 52



HEALTH

Why Build a Patient-Centered Service Line?

= A service line structure is intended to provide a more
integrated and focused patient experience while
contributing to clinical efficiencies, clinical research,

performance improvement, and expansion and integration
of clinical areas with high market demand.

Integrated Service Lines Program

53



James gets a
lung cancer
screening CT
and finds an
early staged
lung cancer.

Charles’ incidental
lung cancer is
diagnosed at an
early stage and
cured.

Linda and her family are
happy with the speed of
her diagnosis & ease of
her care. They want to
give back to UC Davis.

Sarah’s doctor is

amazed how fast
her referrals get
into UC Dauvis.






Lung Cancer ISL Care Continuum

Community-Based Care/
Population Health

Home

PCP/ Specialist
Office (e.g.
pulmonology)

Initial Priority Areas

NEW: Digital Davis Al

NEW: Mobile
Screening
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Diagnostic

o

Infu3|on/
Clinical Trials

Screening for
clinical trials

NEW: In-house
sequencing (molecular
testing), genetic
testing tumor tissue

Cancer Center:

Imaging/ Med Onc Surveillance
Patholo Rad Onc
gy Interventional Pulmonary . Care
Thoracic surgery transition
out of CC

®

Radiation

NEW:
Surveillance/Survivorship

Palliative Care

HEALTH

- Screening - Diagnosis

Integrated Service Lines Program

Bl reatment Bl survivorship
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Initial Priority Areas

ﬂ = Community-Based Care/Population Health
— Lung Cancer - Lung Nodule Early Detection (Lung-LEAD) Clinic

Increase the LDCT screening rate of patients, centralize management of
incidental lung nodules, encourage active surveillance of LDCT screening
patients and incidental findings, improve upon smoking cessation efforts.

2 =  Qutpatient
— Comprehensive Patient Navigation — Care Coordination

Align and expedite testing and results to ensure meaningful treating provider
and accelerated path from new patient referral, initiation of treatment, and
navigation of care. Focused on patients diagnosed with lung cancer, and

patients highly suspected of having lung cancer.
3 = Post-Acute
— Surveillance/Survivorship Clinic
Transition long-term follow-up/surveillance patients from the treating provider
schedule to APP, opening provider template to new patient appointments and
expand access to the Cancer Center.

Integrated Service Lines Program 57
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HEALTH

Lung Cancer - Lung Nodule Early Detection (Lung-LEAD) Clinic

1. Patient Review Ciriteria

- Established patients with an upcoming PCP appointment with UCDH will be flagged for review if they
are aged 50-80 (77 Medicare) and have a history of smoking (as reported in EPIC)

2. Dedicated Lung Cancer ISL Care Navigators

—  Our Lung Cancer ISL Care Navigators will proactively engage with patients to update smoking history,
determine patients for lung cancer screening eligibility (age, pack year history, current smoker/quit
date), and schedule appointments with the Lung ISL APP in the Lung Early Detection Clinic.

3. Dedicated Lung Cancer ISL APPs

—  The Lung Cancer ISL APP will conduct a shared-decision making (SDM) visit and order a Low
Dose CT (LDCT) for eligible patients who want to proceed with screening.

—  The Lung Cancer ISL APP will complete a follow-up visit with all patients to communicate results,
ongoing follow-up (immediate or annual), and will order additional tests / referrals as needed
based standardized clinical criteria

4. Communication and Results

—  The patient’s primary care physician will be cc’d on the Lung Cancer ISL APP provider chart note
if the patient meets with the Lung Cancer ISL APP

— If the LDCT shows significant screening results, these will be directly communicated to the
patient’s primary care physician

Integrated Service Lines Program

58



WOFkﬂOW Lung = LEAD C||n|C (Comprehensive Lung Cancer Screening Program)

ﬂ Patient Review Criteria

—  Established patients with an upcoming PCP appointment with UCDH are flagged for
review if they are aged 50-80 (77 Medicare) and have a history of smoking (as reported
in EPIC)

Dedicated Lung Cancer ISL Care Navigators

—  Our Lung Cancer ISL Care Navigators proactively engage with patients to update
smoking history, determine patients for lung cancer screening eligibility (age, pack year
history, current smoker/quit date), and schedule appointments with the Lung ISL APP
in the Lung — LEAD Clinic.

Cruz, Terra, LVN 1 hour ageo (12:12 PM)
a Telephone call to patient--venfied name, DOB, MRN and/or address at initiation
of call.
LVN S Called and spoke with patient for Lung LEAD screening eligibility.
Reviewed current tobacco history with patient.
e Te rra C ru Z Patient current smoker? NO, previously smoked .5 packs per day for 50 years,
. . patient quit 13 years ago
® Ke I Ia n I G U eva rra Patient qualified for APP appointment? yes
1l I Patient agreed to appointment? YES, Appointment scheduled for 11/1 at
¢ Ananelrl Medlna 2:00pm and referral pended
° M a ria Q u ad ra Patient preferred CT locations? Med Center
. . . . Patient preferred date/time? Afternoon
e Christine Ramil-Francisco | A Chak EW, et al. Am J Med.
Patient had no further questions at this time. Patient given office number to call 2022 JU|; 1 35(7)840_843

with any future questions.

H EAI.TH Terra Cruz, LVN 59



WOFkﬂOW Lung = LEAD C||n|C (Comprehensive Lung Cancer Screening Program)

ﬂ Dedicated Lung Cancer ISL APPs
— The Lung Cancer ISL APP conduct a shared-decision making (SDM) visit and order a
Low Dose CT (LDCT) for eligible patients who want to proceed with screening.

— The Lung Cancer ISL APP complete a follow-up visit with all patients to
communicate results, ongoing follow-up (immediate or annual), and order
additional tests / referrals as needed based standardized clinical criteria.

APPs

 Paola Velosa, NP

« Jennifer Aldred, NP
« Jaspreet Dhillon, NP

Chak EW, et al. Am J Med.
2022 Jul;135(7):840-843.

HEALTH Integrated Service Lines Program 60



Workflow: Suspected Lung Cancer, Lung-LEAD Clinic patient w/ Findings

ﬁ]g 2 Comprehensive Patient Navigation/Care Coordination

— The patient’s primary care physician is cc’d on the Lung Cancer ISL APP provider
chart note if the patient meets with the Lung Cancer ISL APP

— If the LDCT shows significant screening results, these are directly communicated to
the patient’s primary care physician

— Highly suspicious nodules and suspected masses are managed by the Lung Cancer
ISL and its Comprehensive Patient Navigation Team, including DGIM clinician,
Nurse Coordinator/Patient Navigator and MA 1l Care Navigator.

Erin Noren, MD. MS Angela Mackie, RN, Nurse Coordinator/Patient Navigator
Assistant Director, o _
DGIM Cancer Center Initiatives Shalini Paul, MAII Navigator

HEALTH Integrated Service Lines Program 61



1 Lung - LEAD Clinic Results

Calls Made 1147
Patients Called 721

Agree to SDM Appointment & SR GIWAEY
Screening

UCDAVIS
HEALTH

Integrated Service Lines Program 62



Current smokers with LCS (CPT 71271) in the last 12 months Former smokers with LCS (CPT 71271) in the last 12 months

120 (17.5%) 227 (19.3%)

UCD ucD



Take Lessons Learned
and Disseminate Statewide



20% CA lung cancer care



Specific Aims — Strategic Plan

66



Next: Project Deep Dive

*5 Campus Screening and
Tobacco Cessation Dashboard
Project

*California Digital Health Project



https://www.ucscreenca.org



Lung cancer screening saves lives
=Eligible patients are not being screened

sIntentional efforts can move the needle
to increase screening



at the center of everything we do.



Advances in Smoking Cessation

Elisa Tong, MD, MA
Professor
UC Davis

Elisa Tong is a Professor of Internal Medicine at UC Davis. Her research focus is in
tobacco cessation and policy, with special interests in cancer and population health.
She completed her medical degree at Stanford University, residency training at Santa
Clara Valley Medical Center, and research fellowship at UCSF. She is the Principal
Investigator for CA Quits and Director for the Tobacco Cessation Policy Research

Center.



ADVANCING TOBACCO

CESSATION TREATMENT

ElisaTong, MD, MA

Director, Tobacco Cessation Policy Research Center
Medical Director, Stop Tobacco Program, UC Davis Comprehensive Cancer Center

Professor of Internal Medicine, UC Davis



RELEVANT FINANCIAL DISCLOSURES

= | do not have relationships with ACCME defined ineligible companies

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

= Funding:
= "“CAQuits"”, CaliforniaTobacco Prevention Program, California Department of Public
Health 22-10340

= "“Tobacco Cessation Policy Research Center”, Tobacco-Related Disease Research
Program T33PC6880

# N\ California
# N Thoracic Society



OBJECTIVES

* Understand the tobacco industry impact on
public health

= Describe a framework for tobacco assessment
and treatment

= |dentify strategies for improving tobacco
assessment and treatment

California

’ t Thoracic Society



LEADING CAUSE OF DEATH AND DISEASE

# N\ California

www.cdc.gov; Surgeon General 2014 https://www.hhs.gov/surgeongeneral/reports-and-publications/tobacco/consequences-smoking-factsheet/index.html ’ \ . -
Thoracic Society



http://www.cdc.gov/
https://www.hhs.gov/surgeongeneral/reports-and-publications/tobacco/consequences-smoking-factsheet/index.html

NEW PRODUCTS, NEW PROBLEMS

New Nicotine Salts

Nicotine salts, which have a lower pH than free base nicotine, allow
particularly high levels of nicotine to be inhaled more easily and with less
irritation to the throat than freebase nicotine.

# N\ California
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/index.htm ’ \ ThoraCiC S‘OCiety



BIOLOGICAL EFFECTS

September 16, 2019

Risk Analysis for the Carcinogen Pulegone in
Mint- and Menthol-Flavored e-Cigarettes
and Smokeless Tobacco Products

Sairam V. Jabba, DVM, PhD'; Sven-Eric Jordt, PhD'
% Author Affiliations | Article Information

JAMA Intern Med. 2019;179(12):1721-1723. doi:10.1001/jamainternmed.2019.3649

# N\ California
Duffy et al. Toxics 2020 www.mdpi.com/2305-6304/8/1/8; CDC 2024, IARC Monograph 2016; Vol. 108; ‘ \ ThoraCiC S‘OCiety



https://www.mdpi.com/2305-6304/8/1/8

CALIFORNIA: 3.2 MILLION TOBACCO USERS

# N\ California

https://www.cdph.ca.gov/Programs/CCDPHP/DCDIC/CTCB/CDPH%20Document%2oLibrary/ResearchandEvaluation/FactsandFigures/CaliforniaTobaccoFactsAndFigures2022.pdf ’ \ . .
Thoracic Society



TOBACCO USE =A HEALTH EQUITY ISSUE

American Indian Hispanic/Latino
The tobacco industry Big Tobacco gave $75,000to
appropriates American the Hispanic American
Indian cultures in marketing, Chamberof Commerceto
using valued traditions to mail 92,000 letters urging
promote tobacco use. businesses to protest tobacco

tax increases.

LGBTQ

In 1995, a tobacco company
created a targeted marketing plan
for Lesbian, Gay, Bisexual,
Transgender, Queer (LGBTQ)
communities called “Project
SCUM”.

Low-income

Big Tobacco targeted children
living in low-income housing
projects by handing our free
packs of cigarettesin the 5os.

Rural Communities

Big Tobacco warps rural masculine ideals
by depicting rugged images of cowboys,
hunters, and racecardrivers in their
advertising, making people living in rural
communities some of Big Tobacco's best

customers. ’ \ california
# N Thoracic Society

https:/[tobaccofreeca.com/story-of-inequity/



HARM TO NONSMOKERS & ENVIRONMENT

# N\ California

tobaccofreeca.com; https://www.cdc.gov/tobacco/infographics/secondhand-smoke/index.htm; sacbreathe.org/tobacco-litter/; ‘ \ Th . .
oracic Society

https://www.cdph.ca.gov/Programs/CCDPHP/DCDIC/CTCB/CDPH%20Document%z2oLibrary/Community/EducationalMaterials/DisposalofE-CigarettesPUBLIC.pdf


https://www.cdc.gov/tobacco/infographics/secondhand-smoke/index.htm

QUITTING HAS IMMEDIATE HEALTH BENEFITS

www.cdc.gov/tobacco/sgr/2020-smoking-
cessation/index.html

https//smokefree.gov

# N\ California
# N Thoracic Society



OBJECTIVES

= Understand the tobacco industry impact on
public health

= Describe a framework for tobacco assessment
and treatment

= |dentify strategies for improving tobacco
assessment and treatment

California

’ t Thoracic Society



STRONG EVIDENCE FORTOBACCO TREATMENT

(‘~\
U.S. Preventive Services
TASK FORCE

W, California

https://www.cdc.gov/tobacco/quit_smoking/how_to_quit/index.htm; https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/tobacco-use-in-adults-and-pregnant-women-counseling-and-interventions ’ \ ThoraCIC S.OCIQty



THE FIVE A'S > ASK ADVISE REFER

about tobacco USE and EXPOSURE

tobacco users to QUIT

READINESS to make a quit attempt

with the QUIT ATTEMPT

ASK
ADVISE

ASSESS
REFER
t itli
or othet ASSIST
Fesource

ARRANGE

FOLLOW-UP care

California

Adapted from rxforchange.ucsf.edu ’ § Thoracic Society



ASK: "HAVEYOU EVER USED TOBACCO OR

NICOTINE PRODUCTS?" (currRenT=PAST MONTH)

California

lifornia Youth Advocacy Network ’ § ThoraCiC SOCiety



ASK: WITH LUNG CANCER SCREENING ABOUT

RECENT USE AND EXPOSURE

Assessment and Counseling Gaps Among Former Smokers
Eligible for Lung Cancer Screening in US Adults

A Cross-Sectional Analysis of National Health and Nutrition Examination
Surveys (NHANES), 2013-2018

Eve Angeline Hood-Medland, MD', Melanie S. Dove, ScD?, and ElisaK. Tong, MD, MA'®

If you ask: "Do you smoke now?”
Patient answers: “No” = Former smoker?

Actually, nearly 1.5 million “Former Smokers”
may be misclassified by asking this way and
are actually "Current Tobacco Users”

= About1ing“Former Smokers” had recent
tobacco use past 5 days or higher cotinine

" 53% of Former Smokers without recent
tobacco use had recent exposure by
cotinine

# N\ California
# N Thoracic Society



ASSIST: CESSATION MEDICATIONS

1 mg nicotine ~ 1 cigarette
20 cigarettesin 1 pack
1 smokeless can/week ~ 1 pack

Dose higher for “eye-opener” use (1%t 5 min)

Combination Nicotine
Long-acting patch (7, 14, 21 mq)
Short-acting lozenge/gum (2 or 4 mq)

Rxforchange.ucsf.edu; veterans.smokefree.gov/tools-tips- ’ \ California
vet/quit-for-good-with-nrt ' \ Thoracic S_ociety



REFER: "I'M GOING TO HAVE OUR FREE

STATE QUITLINE CALLYOU"

—)

Web-based referral: kickitca.org/patient-referral

California

’ t Thoracic Society



REFER: FREE QUITLINE

EVIDENCE OF REAL-WORLD EFFECTIVENESS
OF A TELEPHONE QUITLINE FOR SMOKERS

SHu-HonG ZHu, PH.D., CHRISTOPHER M. ANDERSON, B.A., GARy J. TEDESCHI, PH.D., BRADLEY RosBROOK, M.S.,
CynTHIA E. JoHNnsoN, B.A., MicHAEL ByrD, M.A., AND ELsA GUTIERREZ-TERRELL, M.A.

N Engl | Med, Vol. 347, No. 14 - October 3, 2002

Counseling doubles long-term abstinence rates (12 months)

# N\ California
# N Thoracic Society



REFER: UC CLINIC AND HOSPITAL REFERRALS

20,000+ referrals

Nicotine and Tobacco Research, 2023, 25, 11351144
https:/fdoi.org/10.1093/ntr/ntad008
Advance access publication 29 March 2023

Referred UC patients who completed intake (n=4264)
e 46% non-white

* 59% Medicaid

* 59% chronic disease

* 49% behavioral health condition

Quit rate of random sample

* 13% at 7-month follow-up California

’ t Thoracic Society



OBJECTIVES

= Understand the tobacco industry impact on
public health

= Describe framework for tobacco assessment and
treatment

= |dentify strategies for improving tobacco
assessment and treatment

California

’ t Thoracic Society



NCQA Quality Metric for

QUALITY METRIC: TOBACCO  [REFTeLENERINE

(in process, late 2024)

1) % Patients Assessed

Non-users® + Current users
2) % Current Users Counseled

Clinic patients seen past year
P Pasty 3) % Non-users™* Assessed

National Quality Forum metric 0028 + C u rre nt U Se rS COU nseled

(Reflects the Non-user majority)

*Non-users = Never Users + Former Users

ecqi.healthit.gov/ecqm/ec/2024/cmso138vi2

# N\ California
# N Thoracic Society



POPULATION PROMOTION & INCENTIVES

* Free nicotine patch message got >6x
more engagement than free help
* Health messaging no difference

* 13,000 Californians got free nicotine
patches mailed home during COVID

shutdown W California

'/
# N Thoracic Society



TOBACCO TREATMENT IN CANCER CARE

Among Californians diagnosed with 12
tobacco-related cancers (2014-2019),

nearly 70,000 are current users wagireetal
JAMA Network Open 2023)

NCI Cancer Center Cessation Initiative
(3 of 5 UC, Stanford, City of Hope, USC)

Commission on Cancer’s "Just ASK"”
and “"Beyond ASK” tobacco QI projects

# N\ California
# N Thoracic Society



POLICY RESEARCH CENTER

Mission
* Build capacity for health care access TObaCCO

* Promote excellence in health care delivery Cessat|0n
POLICY RESEARCH CENTER

* Facilitate health care engagement

* Achieve health plan coverage equity

# N\ California
Funding: Tobacco-Related Disease Research Program T33PC6880 ' \ Thoracic Society



ENGAGE ON POLICY: SHAREYOURVOICE

THE SACRAMENTO BEE

To save African American lives, flavored
tobacco ban must include menthol
cigarettes

> o iobaceo N

POLICY RESEARCH CENTER

tcprc.ucdavis.edu

California

’ t Thoracic Society



SUMMARY

= The tobacco industry has new products, new problems

= Ask about tobacco and nicotine use
= Assist with FDA-approved cessation medications
= Refer to quitline or tobacco treatment program

" Tobacco assessment & treatment is a quality measure
* Engage by sharing your voice

California

’ t Thoracic Society



Multidisciplinary Approach to Lung Cancer

Justine Ko, MD
Fellow
UC San Francsico-Fresno

Dr. Justine Ko received her medical degree from the Keck

School of Medicine of USC. She completed her internal

medicine esidency at USC and was awarded resident of the

year. Currently, she is a second year fellow at the UCSF-Fresno

Pulmonary and Critical Care Fellowship Program. She has

focused her education and research in interventional
pulmonology under the mentorship of Dr. Pravachan Hegde. She will be applying for a
fellowship position in interventional pulmonology this coming cycle.

David Tom Cooke, MD
Professor

UC Davis

Dr. David Tom Cooke is a Professor at the University of California,

Davis School of Medicine. He is the founding Chief of the Division of

General Thoracic Surgery, Director of the General Thoracic Surgery

Robotics Program, the Vice Chair for Faculty Development and
Wellness for the Department of Surgery, the Associate Director for the Office of Inclusivity,
Diversity, Equity and Accessibility (IDEAL) and the Interim Physician-in-Chief, UC Davis NCI
designated Comprehensive Cancer Center. Dr. Cooke specializes in the surgical treatment of
malignant and benign lung and esophageal disease and is a national leader in robotic thoracic
surgery. Dr. Cooke's research includes oncologic trials, surgical outcomes/health services
research, patient-centered outcomes research, surgical education, medical social media, and
public medical communication. He has authored over 100 peer-reviewed publications. He is
president of the Thoracic Surgery Directors Association, a director of the American Board of
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Case 1

A 71 yo female is found to have an incidental nodule in the LLL during imaging
for abdominal pain. Dedicated chest imaging is obtained and thereisa 1.7 x
2.3 cm nodule with no hilar or mediastinal lymphadenopathy with no other
nodules seen on imaging. Comparison to prior scan from 7 months prior show
that there has been interval increase in size.

She is an active smoker and has a >20 pack year smoking history.



Case 1 Imaging

1.7 x 2.3 cm nodule in the
left lower lobe




Fleischner Society 2017 Guidelines for Management of Incidentally Detected Pulmonary

Nodules in Adults (Radiology)




Q u eSt | on for e How does this patient’s

smoking history change your

D r TO n g approach to management?




QueStlon for e Who does the biopsy — IR or
Dr. Shaller =




QueSthn for e When is empiric surgical

resection appropriate for both

D r COO ke diagnosis and treatment?




Case 1 Outcome

e Patient received a CT guided biopsy of the LLL nodule and was found to
have squamous cell carcinoma of the lung

e Lymph node biopsies did not show hilar or mediastinal disease

e Due to her comorbidities, surgery was not offered

e She is currently seeing radiation oncology with plans for definitive SBRT
with Cyberknife

https://www.pathologyoutlines.com/topic/lungtumorscc.html



Case 2

A 69 yo female with GOLD 1A COPD and 75 pack year smoking history has
multiple subsolid lesions in her right lung. Her nodules were first detected on
low dose CT in 2019 and have been slowly growing through 2023.



Classification and CT Appearance of Pulmonary Nodules

https://doi.org/10.1136/thoraxjnl-2015-207221


https://doi.org/10.1136/thoraxjnl-2015-207221

Fleischner Society 2017 Guidelines for Management of Incidentally Detected Pulmonary

Nodules in Adults (Radiology)




Case 2

Nodules are measured as following:

e RLL anterior basal segment cystic ground glass nodule, 25 x 20 mm
e RLL superior segment subsolid nodule, 9 x 8 mm
e RML lateral segment subsolid nodule, 10 x 9 mm



Case 2 Imaging

e RML lateral segment
subsolid nodule, 10 x
9 mm




Case 2 Imaging

e RLL superior
segment subsolid
nodule, 9 x 9 mm




Case 2 Imaging

e RLL anterior basal
segment cystic
ground glass nodule,
25x 20 mm




Q u eSt | O n fO r e What is your next step when

you see a patient with ground

Dr TOng glass nodules?




Case 2

The patient is referred to Thoracic Surgery for evaluation of the nodules.



Q u eSt | on fOr e When should a patient be

referred to thoracic surgery for

D r COO ke management of lung nodules?




Case 2 Continued

The patient’s case was reviewed by the thoracic surgeon and the patient was
referred to interventional pulmonology. She underwent robotic assisted, cone
beam CT-guided bronchoscopy with biopsy of the nodules.

All 3 targets showed adenocarcinoma with acinar growth on pathology. Lymph
nodes sampled from stations 7, 11R, and 11Ri were negative for malignancy.



e How does the management of
ground glass nodules differ
from the management of solid
nodules?

Question for

Dr. Shaller




Case 2 Continued

The patient underwent a VATS-RLL lobectomy with lymph node dissection.
Nodes were again confirmed negative on surgical pathology.

The patient was discharged home with plans to undergo SBRT to the RML
nodule following recovery from surgery.



Case 3

A 82 yo female is referred to the lung nodule clinic for evaluation of a new PET avid
right hilar lymph node identified on surveillance imaging.

Her medical history is significant for diagnosis of RUL squamous cell carcinoma in
2019 with bony metastases to the ribs. She has been treated with carboplatin, taxol,
and Keytruda with restaging imaging showing excellent response to treatment. She
was then maintained on Keytruda alone for several years before stopping in 2022
due to development of pneumonitis.

She has a prior 20 pack year smoking history but quit in 2007. Over the past few
months, she has noted 10 |b weight loss.



Case 2 Imaging

e PET avid right hilar
lymph node




Q U eS't | on fO I e How frequently do you get

surveillance imaging after

D I. TO n g treatment of the malignancy?




Q u eSt | on fOr e When is a biopsy indicated vs

presuming recurrence of a

D r S h a I I er prior confirmed diagnosis?




QUeStIOn fOI’ e Isthere arole for surgeryin
D r C OO ke recurrent disease?




Case 3 Outcome

e Stations 11R and 7 were sampled using EBUS and negative for malignancy

e Station 10R biopsy using EBUS contains atypical cells positive for p40 and
panCK which are suspicious for metastatic squamous cell carcinoma

e Patientis referred by her oncologist to radiation oncology for
consideration of CyberKnife radiation therapy



Guideline Recommendations and Invasive Mediastinal Staging (CHEST 2021)
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Q&A with the Audience



Thank you for joining us!






TNM Staging

Primary tumaor [T)
T category Definition
Tk Tumsor that is prowen histopathologically (malignant cells in bronchopulmonary secretions/'washings) but cannot be assessed or is not
demonstrable radiologically or bronchascopically.

0 Mo evidence of prirmary turmor.
Tis Carcinoma in situ:

Squamous cell carcinoma in situ.

Adenocarcinoma in situ (pure lepidic pattern and <3 em (n greatest dimension).
T1 Size: <3 om.

Airway location: in or distal o the lobar bronchus,
Lecal invasion: none (surrounded by lung or visceral pleura),

Subdivizions: T1mi: Minirmally irvasive adenocarcinoma (pure lepidic pattern, <3 om in greatest dimension and <5 mm invashon]—T1a
(size <1 om)"=Tib |1 cm < size < X om)=Tic (2 om < size < 3 cm).

T2 Any of the following characteristics:
Slze: =3 om but =<5 em.
Alrway location: invasion of the main bronchus (regardiess the distance to the carina) or presence of atelectasis or obstructive,
Preurnonitis that eutends to hilar region (whether it is imolving part or the entire lung),
Local invasion: visceral pleura (PL1 or PL2).
Subdivisions: T2a (3 em < size < 4 em or cannot be determined) and T2b (4 cm < size < 5 em).
T3 Any of the following characteristics:
Sipez =5 om but <7 cm.,
Local imvasion: direct invasion of chiest wall (including superior sulcus tumors), parietal pleura (PL3), phrensc nerve, or paretal pericardium,
Separate tumar noduleds) in the same bobe of the primary tumor,
T4 Any of the following characteristics:
Slze =7 cm,
Birwary location: invasion of the carinag or trachea.
Lecal invasion: diaphragrm, mediastinum, heart, great vessels, recurrent laryngeal nerve, esophagus or vertebral body.
Separate tumor nodulbe(s) in an ipsilateral different lobe of the primary tumar,



TNM Staging

Lymph nodes (N)

Dascriptor Defindtlon

Mx Regional lymph nodés cannol be evaluated,

MO Mo regional lymph noded Invalvement,

N1 Invotvement of ipsilateral peribronchial andfor Ipsilateral hilar lymph nodes (includes direct extension 1o Intrapubmonary nodes),

N2 Invotvement of the Ipsilateral mediastinal andfor subcarinal lyrnph nodes,

M3 invodvement of any of the following lyrnph node groups: contralateral mediastingl, contralateral hilar, ipsilateral or contralateral scalene,

or supraclavicular nodes.

Distant metastasis [M)

Descriptor Definition
nAD Mo distant rmetastasis,
M1 Presence of distant metastasis.

Subdivisions: Mla (separate tumor nodule(s) in a contralateral lobe to that of the primary tumor or tumors with pleural or pericardial
nodules or malignant effusion]; M1b (single extrathoracic metastasis); M1c (multiple extrathoracic metastases to one or more ongand).

Mote: Turmnor’'s size is determined by the greatest dimension of the lesion.

*The uncommon superficial spreading tumor with invasive component limited to bronchial wall s classified as T1a regardless of size or extent to
main bronchus.
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Ventilator Asynchrony

Introduction

Mechanical ventilation is a supportive treatment for improving
oxygenation and/or ventilation, unloading the respiratory
muscles, and gaining time until the patient's condition
Improves.

Patient-ventilator asynchrony can be defined as a mismatch
between the patient and ventilator timing and/or effort.

UGsr Health

Respiratory Care Service



Ventilator Asynchrony

Asynchronies can result in dyspnea, anxiety, delirium, cognitive
alterations, and self-inflicted lung injury; they could also induce
vigorous inspiratory efforts leading to high stress (i.e., elevated
transpulmonary pressure), strain (i.e., global or regional lung
overdistention), and consequent diaphragm and lung injury.
Asynchronies are also associated with longer duration of
mechanical ventilation.

Esperanza, JA, Respiratory Care 2020
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Objectives




Ventilator Asynchrony

Objectives

Interpret waveforms
|dentify and define type of asynchrony
Discuss possible interventions and/or adjustments

Evaluate efficacy of current plan

UGsr Health

Respiratory Care Service



Physiology




Ventilator Asynchrony

Mechanisms

Main mechanisms of Asynchrony
Timing of the patient is Imbalances in the amount
mismatched with the timing work of breathing by the
of the ventilator patient and the amount

mechanical assist delivered
during inspiration.




Neural/Ventilator Timing Mismatch

Ventilator

Insufflation Expiration
Patient

Inspiration Expiration

Ventilator

Insufflation Expiration

Ventilator Inspiration Expiration

Insufflation Expiration

Ventilator

Inspiration Expiration Insufflation Expiration

Patient

Inspiration Expiration

UGk Health

Respiratory Care Service



Respiratory Drive/Mechanical Assist Mismatch

(CNS, Metabolic, Respiratory Failure)

Insufficient Excessive

ventilatory assist ventilatory assist
Intrinsic to patient’s Excessive sedation
disease state

UGk Health

Respiratory Care Service



Asynchrony Interactions

C )
-

UGk Health
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Ventilator Asynchrony

What Phase?

= When does the asynchrony occur?
Inspiratory Trigger
Inspiratory Limit
Inspiratory Cycle
- Expiratory

1"






#1




Thille, AW, Intensive Care Medicine 2008

14



Missed/Ineffective Trigger
What phase is this in?

Inspiratory trigger

Causes

Trigger sensitivity high

High set inspiratory pressure

Set frequency and/or I-time set too high
Presence of AutoPEEP

Low respiratory drive

Weak inspiratory effort

Sedation

15



Missed/Ineffective Trigger

= Interventions
- Decrease trigger sensitivity
- Decrease set inspiratory pressure
- Increase PEEP
- Decrease sedation

- Increase pt strength




#H2




H#H2




Flow asynchrony
occurs when the
set ventilator flow
does not meet the
patient inspiratory
flow demand

Airway pressure

Flow

o

Time

Kacmarek, R, Egan’s Fundamentals of Respiratory Care 2021

19




Generally
recognized by
concave pressure-
time scalar. Also
termed “Air Hunger

20



Flow Asynchrony

= What phase is this in?

Inspiratory Limit

= Causes

Inappropriate vent mode
High Inspiratory Effort

Inappropriate Flow/ Time
setting

Decreased Vt

21



Flow Asynchrony

= |nterventions
- Select appropriate mode
- Increase Flow and/or Vt
- Adjust time setting

22



#3

0.6s




Premature/Short Cycling

Short cycling occurs
when the inspiratory time
set by the ventilator is
less than the neural
timing of the patient.

De OQOliveira, B, Journal of Clinical Medicine 2021

24



Premature/Short Cycling

= \When does this occur?
- Inspiratory Cycle

= Causes
- |-time set too low
- High Inspiratory Effort
-Vt set too low

Enrico, B, Acta Biomedica 2018

25



Premature/Short Cycling

= |nterventions

Adjust I-time

Increase Vt

Select to appropriate mode
Decrease cycle criterion

26
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Double Triggering

Aka Breathstacking
occurs when there is no
expiration or very little
expiration between
breaths.

Airway pressure

Flow

LA
A Ay

Time

Kacmarek, R, Egan’s Fundamentals of Respiratory Care 2021

28



Double Triggering

= What phase is this in?

- Inspiratory cycle
= Causes
High inspiratory demand
Inspiratory time too short
Vt too low
Cycle criterion too high

Mirabella, L, Respiratory Care 2020

29



Double Triggering

Interventions

Increase Vt

Increase peak flow to match demand

Increase I|-time to match patient’s neural timing
Mode change to Pressure Support

Increase sedation

30
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Delayed Cycling

= What phase is this in?
- Inspiratory Cycle
= Causes
- Cycle % set too low
- |-time too long
- Too much support/volume

Tassaux, D, ADRCCM 2005

32



Delayed Cycling

Delayed Cycling is
active expiratory effort
before the cycling
criterion is met.

Gentile, MA, Respiratory Care 2011

33



Delayed Cycling

= |nterventions
- Increase cycling criterion
- Decrease I-time
- Decrease support/volume

34






Auto-PEEP

Auto-PEEP (Intrinsic
PEEP) is incomplete
emptying of the lungs
occurs if the expiratory
phase is terminated
prematurely.

36

Hess, D, Respiratory Care 2014



Auto-PEEP

= What phase is this in?
- Expiratory

= Causes
- Inappropriate E-time
- Inappropriate RR
- Inappropriate Vt

37



Total PEEP — Set PEEP = Auto-PEEP




Auto-PEEP

= |nterventions

Adjust E-time
Adjust RR
Adjust Vt
Increase PEEP
Bronchodilators

39



Summary

Asynchronies are common
Must be able to identify type of asynchrony

Some can be resolved with vent interventions, others require
chemical interventions

Asynchronies if left untreated can be harmful

40
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The capacity to learn is a GIFT; the ability to learn
is a SKILL; the willingness to learn is a CHOICE.

Brian Herbert
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Questions
Roberto.Bautista@ucsf.edu
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Outline/Objectives

* Review pertinent background in
VILI, pleural pressure gradients,
distribution of ventilation.

* Recognize challenges in lung
protective ventilation

* Introduction to principles of EIT

e Understand how EIT can be used in
a clinical/research setting



Background: VILI (Ventilator induced lung injury)

e Several mechanisms
* volutrauma: injury from high volumes
e Barotrauma: injury from high pressures
» Atelectrauma: injury from repetitive opening/closing
* Dys-synchrony: injury from pendelluft

Lung strain Lung Stress

ekl e (plateau or transpulmonary
pressure)

Volu-trauma Baro-trauma

Dreyfuss and Saumon. AJRCCM 1998.

™ Mortality&

morbidity




Background: Lung Protective Ventilation

Lung protection (traditional)
Low tidal volumes—> 6 cc/kg IBW

) s this always enough? No
Plateau Pressure <30, Low Driving pressure <15 cmH20 :
. . . Can harm/VILI still occur? Yes
Open lung strategy (avoid cyclical atelectasis)

Prone positioning

Why?— Current approaches only focus on global metrics and
neglect assessment of regional stress/strain




Background: regional ventilation in health and
disease

* Time-constants (resistance x compliance)

* Airway closure below FRC
 Pleural pressure gradients (transpulmonary pressure)

e Parenchymal heterogeneity



Pleural pressure

Perfect world: transpulmonary pressure
would be the same throughout the lung

\a.

Pleural pressure (-10 cmH20)

/

Transpulmonary pressure= Airway Pressure — Pleural Pressure

4 Inspiration N




Pleural pressure gradients are complicated

Real world: Pleural pressure is WAY MORE complicated

Pleural pressure gradients + heterogeneity in lung injury UPRIGHT
1. Gravity (both apical/basilar and Ventral/dorsal) s 13
2. Lung injury make gradients worse QA
C=B
7 C
0 3
EXPIRATION INSPIRATION
Vv Vv
i A B A
C
In the health
B sul:njm:lrm:urﬁ-,:'rl f"‘f’,
ventilation
goes to
dependent
C regions
> P

Guerin et al. Intensive Care Med 2014. Hedenstierna et al. Minerva Anestesiol 2006.



Pleural pressure gradients are complicated

Why does this matter?

heterogeneous lung parenchyma+ uneven distribution of pleural
pressure—» variable transpulmonary pressure in different parts of the lung
—>difficult to ventilate all parts of lung safely

SUPINE

Yoshida et al J Intensive Care. 2015. PMID: 27408729.



Options in a patient who is difficult to
ventilate/oxygenate?

Only estimates pleural pressure at mid-thorax (at
best the mid to dorsal lung- misses ventral, apex,
1. Esophageal manometry base)

Treat the lung as a whole/average—>
2. Pressure volume curves

. _ but injured lung tends to be
3. Recruitment maneuvers and best Compllance heterogenous with complex pleural

pressure gradients

4. Electrical impedance Tomography? (EIT)



EIT in ARDS: growing interest

Bachmann et al. Crit Care 2018.
Pubmed (EIT AND ARDS)



EIT: general principles

- Noninvasive real-time bedside technology

Bachmann et al. Crit Care 2018.



EIT General principles

* Every tissue has a different
resistivity to current

* Estimates resistivity changes across

I u ngS W h | I e b reat h | N g Tomicic V and Cornejo R. Journal of Thoracic Disease, 2019
* Inspiration= Resistivity
* Expiration=  Resistivity

EIT plethysmogram

Bachmann et al. Crit Care 2018.



EIT: General principles

* Resistivity/change in resistivity correlates
with volume of air that enters the lung

* Creates image and way to quantify/assess
distribution of ventilation

Bachmann et al. Crit Care 2018.

Bachmann et al. Crit Care 2018.



Clinical/Research Applications

e Distribution of ventilation

* PEEP titration

* Pendelluft

* Other: patient-ventilator asynchrony, Ventilation/perfusion, NIPPV



Distribution of Ventilation

V;:185 mL
PIP: 26 .6 cmH,0
PEEP: 141 cmH,0
RR: 20 bpm

Distribution Ratio:

A

R{ 71%

- EIT provides a ventilation map: can quantify
distribution of ventilation several ways

- Can use to identify heterogeneity in distribution of
ventilation

-Impedance change correlates with changes in air
content

’ Example of mucus plugging on the left side
A A A

29 %

R

m
on N N AR




PEEP Titration

* How should we titrate PEEP?
* Esophageal manometry: EP-VENT3 planning in progress= TBD
* PEEP tables?
* Best compliance?
« WHO KNOWS?

e What about EIT?



PEEP Titration with EIT

Balance between
overdistension and collapse
(Costa Method)

Costa EL et al. Intensive Care Medicine
2009.

Costa EL et al. Intensive Care Medicine 2009..

- PEEP 25

PEEP 23

PEEP 13

G
- PEEP 15
G

White=
overdistention
Blue=collapse



PEEP Titration (example)

PEEP Compliance | Hyperdist. Collapse
(cmH,0) (mL/ecmH,0) (%) (%)
25.1 14 60 0
23.1 20 44 0
21.1 24 32 0
19.2 26 20 0
17.2 27 12 1
‘ 15.1 26 7 5
13.1 24 3 11
] 111 21 0 16
9.0 17 0 30
7.0 13 0 40
5.0 11 0 49




PEEP Titration with EIT offers individualized approach and may improve

outcomes?

RECRUIT study (2023): Jonkman and Alcala et al. AJRCCM
- 171 Patients with ARDS due to COVID-19
- Used EIT based PEEP selection (Costa method) versus best compliance
- in 81% of patients EIT based PEEP selection yielded PEEP selection different from best compliance
- Offers personalized way to adjust PEEP in patients with different responses to PEEP
*Non COVID recruitment ongoing

EIT-Guided PEEP titration reduces mechanical power: a randomized crossover pilot study

(2023): Jimenez et al. Critical Care
- High PEEP/FiO2 table versus EIT guided PEEP selection
- 16 patients with moderate to severe ARDS
- EIT guided PEEP titration resulted in lower mechanical power

Early Individualized PEEP guided by EIT in ARDS: a randomized controlled clinical trial

(2021): He et al. Critical Care
- ARDS net PEEP/FiO2 table versus EIT guided PEEP selection
- 117 patients with moderate to severe ARDS
- Absolute mortality 27% (PEEP/FiO2 table) versus 21% (EIT guided)

Additional EIT studies upcoming



Pendelluft

General definition:
movement of air from one
region of the lung to
another during a tidal
breath

- Can |ead to occu |t ove rd istension (pote ntia | |y Coppadoro A et al. Occurrence of pendelluft under pressure support

ventilation in patients who failed a spontaneous breathing trial: an
harmfu |) observational study. Ann Intensive Care 2020.



Pendelluft

- EIT can be used to
identify pendelluft

* Can use NMB or
increase PEEP to
minimize pendelluft

Kacmarek R et al. Consequences to the Lungs When Gas
Swings Between Lung Units during Patient triggered
mechanical ventilation. Respiratory Care 2021.



Future Directions

- Ventilation/perfusion mapping

- Asynchrony detection features

Bachmann et al. Crit Care 2018.

- HHFB, NIPPV, HFOV (measuring tidal volume,

collapse/overdistention)



Take home messages

EIT offers a continuous non-invasive bedside assessment of regional
ventilation (and perfusion)

Offers good temporal resolution; can see dynamic changes over time
Can measure responses to changes like PEEP or paralytics

Allows individualized patient management (when one-size fits all
approaches have failed)

Ongoing research will determine impact on clinical outcomes



Thank you!
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Pro: Non-Ventilator Based Techniques are
Necessary for Optimization of Lung Mechanics
in Ventilated Patients?

Brian M. Daniel, RRT, TCO
Respiratory Therapist
UC San Francisco

Brian M. Daniel is a respiratory care practitioner with more than 35 years of experience
in academic health care, education, and research. Currently, he is a clinical specialist
for Respiratory Care Services at UCSF Health as well as a clinical research coordinator
for UCSF’s Cardiovascular Research Institute. Brian also serves as Director for Clinical

Education, at Skyline College’s Respiratory Care Program.



Let’s NOT forget the basics!

Non-Ventilator based techniques ARE
necessary when optimizing lung mechanics...



Disclosures

* None relative to this presentation
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Underlying lung
function, the acute The patient-
process and effects ventilator
of interventions interface
v'Ventilator drive
v'Muscle function
¥ Ventilator demand Patient/Ventilator
v Airway resistance Interaction

v'Lung volume
v'Respiratory system compliance //

Problem recognition
and response

v'Symptoms v'Recognition and quantitation by

v'Physical signs v ventilator

v'Problem recognition by clinician v'Alarms

v'Response by clinician v'Waveforms display

v'Response by ventilator

Effects of how the
ventilator functions
and how it is set
by the clinician

v'Mode

v'Level of support
v Imposed WOB
v'Tidal volume
v'Trigger threshold
v'Post-trigger work
v'Inspiratory time
v'Cycling

v'Expiratory time
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Summary

* Basic (non-ventilator based) patient assessment is essential when
optimizing lung mechanics.

* Emerging mechanical ventilator tools and adjuncts lack significant
evidence and consistency.



Con: Non-Ventilator Based Techniques are NOT
Necessary for Optimization of Lung Mechanics
in Ventilated Patients?

Pablo Gonzalez, RRT
Respiratory Therapist
Scripps Health

Pablo Gonzalez is currently a neonatal/pediatric/adult respiratory therapist at Scripps
Memorial Hospital in La Jolla, San Diego, CA.

He has worked at a few facilitates: Cedar Sinai Medical Center, CHOC, Loma Linda,
Sharp Mary Birch, Sanford MN, and Regions Hospital in St Paul MN where he worked
alongside Dr. John J. Marini which drove him to work at the Mayo Clinic and worked
alongside Dr. Gustavo Cortes Puentes and worked along renowned physicians/nurses
and respiratory therapist as a ECMO specialist.

While he worked at the renowned Mayo Clinic in Rochester Minnesota, St. Mary’s
Hospital in the CVICU. He was a clinical preceptor, utilizing the advanced modalities in
respiratory care, from ventilator management and ventilator waveform management,
esophageal balloon monitoring, APRV, caring for ECMO patients, A-line insertion,
bladder pressure monitoring, and HFJV in the neonatal population to name a few.

He has continued development of his skills and has started the Advanced Mechanical
Ventilation Conference in San Diego. Bringing renowned speakers from all over the world.
Currently he is working on a respiratory book that will help clinicians in the ICU.

Pablo earned a B.A. from laguna College of Art and Design in Laguna Beach, CA., and
his associate science from California College San Diego.



“Ventilating Blindly =
The Cons of External Tools”

My own religion has been to do all the good | could to my fellow
man, and as little harm as possible.”

William Worrall Mayo
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Objectives

1. Observe and understand ventilator settings and waveformes.
2. The cons of the advanced non and invasive ventilator tools.
3. Complexity of mechanical ventilation.



Lung settings



Driving Pressure and Survival in the Acute Respiratory Distress
Syndrome

Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D., Laurent Brochard, M.D., Eduardo L.V. Costa,
M.D., David A. Schoenfeld, Ph.D., Thomas E. Stewart, M.D., Matthias Briel, M.D., Daniel Talmor, M.D., M.P.H., Alain Mercat,
M.D., Jean-Christophe M. Richard, M.D., Carlos R.R. Carvalho, M.D., et al.

February 19, 2015, N Engl J Med 2015; 372:747-755 DOI: 10.1056/NEJMsa1410639



Bertoni et al. Critical Care (2019) 23;346






Lung Parameters
* *VT/Pplat - totalPEEP= Crs

e *VT/DP=Crs

o *\VVT/PL=Crs

e *Pplat — totPEEP= DP

e ¥[(Pa02*10)/(FiO2*totPEEP)]

e *Pa02/FiO2 ratio

 *(PEEP1+PEEP2)/2=Average totPEEP (APRV)

* *PHigh -Average totPEEP= DP (APRV)

* Pmusc, estimated =- 0.75 X deltaPocc (<13-15 cmH20)

e Dynamic deltaPL= deltaPaw - [2/3 X deltaPocc] (<13-15 cmH20)

* *Expiratory hold during APRV will give you totalPEEP
(do not do this on Drager vents)

» *Note-Without an Esophageal Balloon Monitoring
device, driving pressure is an estimating number +3-4
cmH20 when compared with a true PL.




Giosa, L., Busana, M., Pasticci, |. et al. Mechanical power at a glance: a simple surrogate for volume-controlled ventilation. ICMx 7, 61 (2019).
https://doi.org/10.1186/s40635-019-0276-8






What is the local volume distribution? Using pressure-volume curves to set proper PEEP in acute lung injury

Nurs Crit Care 2007 Sep-Oct;12(5):231-41. doi: 10.1111/j.14785153.2007.00224 .x.












75yr. Male, PNA, Covid on (PC-CMVa) PRVC 12/400/+5/70%

What would be your best clinical decision?
A. Change to PC-CMVs
B. IncreaseVt up to 8ml/kg PBW
C. Decrease RR
D

Increase PEEP, prone, possibly
sedate/paralyze

If ARDS, prone, sedate/paralyze

nom

Lengthen i-Time
Change to PS/CPAP




High Positive End-Expiratory Pressure Renders
Spontaneous Effort Noninjurious

Morais, Am J Respir Crit Care Med, 2018
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Summary
Monitoring ventilator settings and parameters
Mechanical Power in PC and VC
PV tool maneuver
Driving pressure
Management of ventilator waveform asynchronies
Cons of external tools to assist ventilator management
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Mortality rate is cut in half by a Lung Rescue Team at Mass General focused on
patients with obesity and acute respiratory failure

xC
\o’b
06

Berra, L., Lung Rescue Team. Development of a Lung Rescue Team to Improve Care of Subjects With Refractory Acute Respiratory Failure. Respir Care. 2020 Apr;65(4):420-426.
DOI: 10.4187/respcare.07350. Epub 2020 Feb 4. PMID: 32019849
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Hands-on Session:
ICU Ventilators and Ventilator Waveforms

Rob Bautista, BSRT, RRT, RRT-ACCS
Respiratory Therapist
UC San Francisco

Roberto Bautista received his Baccalaureate Degree
from Boise State University and is pursuing his
Masters Degree at UCSF. He is a Clinical Specialist
for the Respiratory Care Services department at
UCSF with a focus on Adult Critical Care. Roberto is
the CSRC-AARC Delegate and is a member of the
CSRC Executive Committee.

Lena Scotto, MD
Assistant Professor
VA Palo Alto/Stanford

After earning a B.S. from Stanford University, Dr. Scotto
attended Johns Hopkins School of Medicine. She then
returned to her native Bay Area to train in the combined
Stanford University Anesthesiology Residency/Critical
Care Fellowship program and served as a Chief Fellow in
Critical Care Medicine (CCM). Following graduation, Dr.
Scotto worked in private practice at a local hospital as an
Anesthesiologist and Intensivist and later joined the Palo
Alto VA in 2019 as an Attending in Anesthesiology and
Critical Care Medicine. She is the hospital-wide Resuscitation Committee Co-Chair and
heads the newly formed Green Anesthesia Committee. Furthermore, she is a member
of the Anesthesia Patient Safety Foundation Advisory Group on Perioperative Brain
Health. Outside of work, when she’s not chasing after her toddler, she enjoys trail
running, reading mystery novels, and trying new cooking recipes.



Hands-on Session:
Esophageal Manometry

Pablo Gonzalez, RRT
Respiratory Therapist
Scripps Health

Pablo Gonzalez is currently a neonatal/pediatric/adult respiratory therapist at Scripps
Memorial Hospital in La Jolla, San Diego, CA.

He has worked at a few facilitates: Cedar Sinai Medical Center, CHOC, Loma Linda,
Sharp Mary Birch, Sanford MN, and Regions Hospital in St Paul MN where he worked
alongside Dr. John J. Marini which drove him to work at the Mayo Clinic and worked
alongside Dr. Gustavo Cortes Puentes and worked along renowned physicians/nurses
and respiratory therapist as a ECMO specialist.

While he worked at the renowned Mayo Clinic in Rochester Minnesota, St. Mary’s
Hospital in the CVICU. He was a clinical preceptor, utilizing the advanced modalities in
respiratory care, from ventilator management and ventilator waveform management,
esophageal balloon monitoring, APRV, caring for ECMO patients, A-line insertion,
bladder pressure monitoring, and HFJV in the neonatal population to name a few.

He has continued development of his skills and has started the Advanced Mechanical
Ventilation Conference in San Diego. Bringing renowned speakers from all over the world.
Currently he is working on a respiratory book that will help clinicians in the ICU.

Pablo earned a B.A. from laguna College of Art and Design in Laguna Beach, CA., and
his associate science from California College San Diego.



Hands-on Session:
Electrical Impedance Tomography

Alex Kristine Pearce, MD
Associate Physician Diplomate
UC San Diego

Dr. Alex Pearce received her medical degree from Tulane School of Medicine followed
by residency in Internal Medicine at UC San Diego. She subsequently completed her
clinical fellowship in Pulmonary and Critical Care and research fellowship at UC San
Diego. She currently works as an intensivist at UC San Diego with a research focus on
mechanical ventilation and Acute Respiratory Distress Syndrome.



Hands-on Session:
Portable Bronchoscopy

Lindsey John, RRT
Respiratory Therapist
UC San Francisco

Lindsey John received her Associate of Respiratory Care in

2004 from Milwaukee Area Technical College and

Bachelors of Psychology from Trinity International

University in Deerfield, IL 2016. Over her 20 year career in

Respiratory Care, Ms. John has worked in Level 1 and 3

Trauma Centers, Regional Burn Units, Level 3 NICUs and
Critical Care ICUs. Currently, she is the Bronchoscopy Services Manager at UCSF for
the Lung Transplant, Interventional Pulmonology and Pulmonary Consult Services.

Joon Chang, MD
Assistant Professor
Stanford University

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 at Stanford and a
member of interventional pulmonology group at Stanford.



Single-Use Bronchoscopy Cheat Sheet

Single-Use (Portable) Bronchoscope vs. Reusable Olympus Bronchoscope Considerations
e Cost of single use bronchoscope vs. repairing reusable bronchoscope

e Single use vs. sterile reprocessing for reusable

e  Workflow: monitor and tower set up with processor

e Bronchosampler- single operator ease of use

e Infection risk

e Environmental factors (water, chemical energy)

e Location of working channel

Single-Use Bronchoscopes Working Scope Minimum

Channel Outer Endotracheal

Diameter | Diameter | (ET) Tube

(mm) (mm) Size*
Ambu aScope 4 Regular 2.2 5.0 6.0 Bronchosampler
Ambu aScope 4 Large 2.8 5.8 7.0 Swivel
Ambu aScope 5 Ultra-Thin 1.2 2.7 4.0
Ambu aScope 5 Therapeutic 2.8 5.6 6.0
Boston Scientific EXALT Model B Slim 1.0 3.8 5.0 Clamshell design
Boston Scientific EXALT Model B Regular 2.0 5.0 6.0 working channel
Boston Scientific EXALT Model B Large 2.6 5.8 7.0
Verathon BFlex 2 Slim 1.2 3.8 5 GlideScope
Verathon BFlex 2 Regular 2.2 5.0 6 ET tube retainer
Verathon BFlex 2 Large 3.0 5.8 7

Reusable Olympus Bronchoscopes

Working Channel
Diameter (mm)

Scope Outer
Diameter (mm)

Minimum Endotracheal
(ET) Tube Size*

Therapeutic Bronchoscope (BF-1TH190) 2.8 6.2 7.5
Diagnostic Bronchoscope (BF-H190) 2.0 5.5 7.0
Diagnostic Bronchoscope (BF-P190) 2.0 4.2 5.5

Bronchosampler for Ambu

1. Attach the flat portion of the sampler bridge to the flat portion of the Ambu scope.

A S

through a 35cc syringe.

N o

Clamp the attachment lock into place for secure connection.
Attach the sample container to the port on the sampler bridge — it will click into place.
Place an introducer on the open port on top of the scope.
Connect IV Extension tubing to the introducer to allow for lidocaine to be administered

Attach suction tubing to the suction connector located on the sampler bridge.
The direction of the “Flow Switch” on the sampler bridge directs where sample is collected.

8. Press downward on the “Flip Top” of the sampler container and pull away to remove the

sample from the bridge.










# N\ California
Thoracic Society
ATS Chapter

v

.

CTS 2024 Annual Education Conference
Hands-On Session: Ventilators and Ventilator Waveforms
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Hamilton C6 Ventilator

Features:

Turbine driven — can transport patients on it, no air inlet necessary
IntelliCuff — automated cuff manometer
o Set desired cuff pressure & measure continuously
o Cuff leak detection and compensation
P/V tool — Protective Ventilation Tool
o Generates a quasi-static P-V curve
o Lung recruitability assessed by the differential volume between inspiration and
expiration
o Optional buy-in tool
Esophageal manometry
o Allows determination of transpulmonary pressure and appropriate PEEP titration
ASV mode — Adaptive Support Ventilation, closed-loop ventilation
o Adjusts rate & tidal volume based on Otis’ least work of breathing equation
o Minimizes chance of autoPEEP, volutrauma, and barotrauma
o Decreases work of breathing
Intellisync+
o Real-time measurements of patient effort and adjusts flow trigger and
inspiratory/expiratory cycling to optimize patient comfort
o Used for spontaneous or non-invasive modes
Support HFO; up to 60 L/m
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Draeger V800 Ventilator

Features:
e Tablet-like touch screen
e Supports HFNC up to 80 L/min
e Automatic weaning through SmartCare/PS
o Automatically adjusts pressure support during spontaneous breathing
e Low Flow P-V loop maneuver
o Determination of lung recruitability from inflation and deflation curves
o Lower inflection point utilized for optimal PEEP
e Smart Pulmonary View
o Graphic view of compliance and resistance
o Displays ratio between spontaneous and mandatory ventilation
e Pressurelink
o Coupling of Pinsp and PEEP
o Setting one parameter will adjust the other automatically
e Spontaeneous-Proportional Pressure Support
o Level of pressure support self-titrates based on patient inspiratory effort through
Flow Assist and Volume Assist parameters



Small Airways Disease and Oscillometry

Catherine Sassoon, MD
Professor in Residence
UC Irvine/VA Long Beach

Dr. Sassoon is Emeritus Professor of Medicine at UC Irvine with specialty in Pulmonary,
Critical Care and Sleep Medicine. She did her postgraduate work at Cook County
Hospital, Chicago, and UCLA School of Medicine. She had previously served as Chief
of Pulmonary and Critical Care Medicine at the VA Long Beach Healthcare System, and
as member of the Editorial Board of the American Journal of Respiratory and Critical
Care Medicine, CHEST, and Respiratory Care. Her research interest is in mechanical
ventilation, lung physiology, and diaphragmatic structure and function.



SMALL AIRWAYS DISEASE AND OSCILLOMETRY

Catherine S. Sassoon, MD
Emeritus Professor of Medicine
University of California, Irvine

VA Long Beach Healthcare System



RELEVANT FINANCIAL DISCLOSURES

" | have no relationships with any ACCME defined ineligible
companies.

= | will not discuss off-label use and/or investigational use of any
drugs or devices.
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OUTLINE

= What is Oscillometry?

= Physiology of Oscillometry

= Measured Variables and Interpretation
= (Case presentation

= Clinical Application

= Limitation

= Summary
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WHAT IS OSCILLOMETRY?

= QOscillometry is a noninvasive method to assess respiratory
mechanics, by superimposing external small oscillatory pressure
generated by a loudspeaker to the airway opening of
spontaneously breathing subject.

» The delivered pressure waveform is a sine wave of a single
frequency (e.g, 5 Hz), a combination of sine waves of multiple
frequencies (5 Hz, 10/11 Hz, 19/20 Hz), pseudo-random noise, or
a train of pulses (5 pulses/s).

. ) ] - cHz 5-11-19Hz PSRN
=  Two commercially available oscillometry instruments based on
superimposed pressure delivery:
= Forced oscillation technique (FOT, sine waveform)
= Impulse oscillometry (10S, train of pulses)
Adapted from Smith HJ et al. Eur Respir Mon, 2005, 31, 72-105 # \, California
Kostorz-Nosal S et al. Respir Physiol Neurobiol 2023; 316:104135 ' \ Thoracic Society



BRIEF HISTORY OF
OSCILLOMETRY

* Oscillometry was first
introduced by A. Dubois and
coworkers: Oscillatory
mechanics of the lung and
chest in man. J. Appl. Physiol.

1956; 8:587-594.

* Oscillometry has evolved
from bulky equipment,
manual calculation, paper
tracings to plain mouth-piece
and a small equipment of the
size of a medium shipping box

* Pressure generator
(loudspeaker)

* Pressure

* Flow

Courtesy of C. Irvin, Ph.D. with permission; adapted from
Oscillometry 101, ERS Channel 2022



METHOD OF MEASUREMENT WITH

FORCED OSCILLATION TECHNIQUE

FOT

* Measured prior to spirometry
* Three acceptable tests, each of = 30 sec duration
» Coefficient of variations <10% (adults); <15% (pediatrics)

Courtesy of R. Perissin, with permission MGC Diagnostic International, Italy # \, California
Kostorz-Nosal S et al. Respir Physiol Neurobiol 2023; 316:104135 ' \ Thoracic Society



PHYSIOLOGY OF OSCILLOMETRY
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BASIC SIGNAL PROCESSING

R Peslin and JJ Fredberg. Handbook of Physiology 1986; Vol.3: 145-177
NB Pride. Thorax 1992; 47:317-320

Courtesy of C. Irvin, PhD with permission; adapted from Oscillometry 101,
ERS Channel 2022

A
[ \

Elastance Inertance

— |n-Phase

Out of Phase

# N\ California
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MEASURED VARIABLES AND

INTERPRETATION
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PHYSICAL PROPERTIES OF THE

RESPIRATORY SYSTEM

Courtesy of C Cooper, MDD, with permission; adapted from presentation at Spiromics 2022
Adapted from Kaminsky DA et al. Eur Respir Rev 2022; 31:210208 ’ \ California
Pride NB. Thorax 1992; 47:317 ’ \ Thoracic Soclety



OSCILLOMETRIC VARIABLES IN MEDIUM

FREQUENCY RANGE (5-40 HZ) USED IN
CLINICAL PRACTICE

OSCILLOGRAM

Adapted from Kaminsky DA et al. Eur Respir Rev 2022; 31:210208

= Zrs = Impedance of the respiratory system

- Rrs = Resistance of the respiratory system
- Frequency dependence of resistance (R5-R19/20Hz)

= Xrs = Reactance of the respiratory system

(subscript numbers denote frequency in Hz)

- fres = Resonant frequency is the frequency where

respiratory system elastance (Ers) and Inertance (Irs)
make equal and opposite contributions to impedance
(frs of healthy subjects is ¥8-12 Hz; increases in lung
CINENS

- AX = Area under the reactance curve subtended by the

Xrs curve at the lowest frequency (5Hz) and fres



RESISTANCE OF THE RESPIRATORY SYSTEM

Low frequencies travel all the way to the small
airways, thus, reflect the resistive properties of the
entire airway tree, while high frequencies travel only
proximally, reflecting mainly central airways.

Rentzhog CH et al. Clin Exp Allergy 2017; 47:1546

Respiratory system resistance (Rrs)reflects
frictional losses of gas flow along the airways,
and in tissues of the lung and chest wall as they
are stretched and deformed.

Rrs 5 Hz reflects total airway resistance, increases
in both peripheral and central airway
obstruction.

Rrs 19/20 Hz reflects changes in airway caliber
(bronchoconstriction, mucus plug, airway
inflammation) — central airways.

Rrs 5-19/20 Hz considered to reflect small airway
disease; but is not recommended given the lack
of specificity. Impairment in Xrs 5Hz is more

sensitive to peripheral airway disease.
# N\ California

Kaminsky DA et al. Eur Respir Rev 2022; 31:210208 ' \ Thoracic Society



INTERPRETATION OF RESISTANCE

Increased Central and
Peripheral Airway Resistance

W, California

Courtesy of C. Irvin, Ph.D. with permission; adapted from Oscillometry 101, ERS Channel 2022 ’ \ Thoracic Society



REACTANCE OF THE RESPIRATORY SYSTEM

Kaminsky DA et al. Eur Respir Rev 2022; 31:210208
Kostorz-Nosal S et al. Respir Physiol Neurobiol 2023; 316:104135

Reactance (Xrs) expresses the energy storage, below the
frs reflects respiratory system elastance (Ers) due to
stifness of the lung tissue, airways and chest wall and
above frs reflects respiratory system inertance (Irs) due
to the mass of gas in the central airways = [ Xrs = Ers +
Irs ].

Xrs 5 Hz becomes more negative in lung disease,
indicating the respiratory system becomes stiffer;
reflects also small airway heterogeneity in obstructive
lung disease.

AX (cm H20O/L): The area AX reflects the stiffness of the
lung parenchyma, potentially more sensitive to changes
in the elastic properties of the respiratory system than

Xrs at single frequency.
# N\ California
# N Thoracic Society



INTRABREATH INSPIRATORY AND

EXPIRATORY XRS-5HZ IN COPD AND ILD

Adapted from Sugiyama A et al: Respir Med 2013; 107:875 ’ \ California
Kostorz-Nosal S et al. Respir Physiol Neurobiol 2023; 316:104135 ‘ \ Thoracic Society



REACTANCE OF THE RESPIRATORY SYSTEM IN COPD

Changes in intra-breath Xrs at 5Hz between inspiration * Xrs 5Hz is sensitive to airway closure,
and expiration are useful to detect expiratory flow- reflecting communicating lung volume

limitation. (i.e., air trapping).

AXrSe,,, = XrSc,,, iNSp - Xrse,,, €Xp

Threshold tidal EFL:
AXrsg,,, >2.8cm H20/L/s

|

Dellaca RL et al. Eur Respir ] 2004,23:232 ’ § _(I;ﬁllforr.llaso ) ty
oracic Cle



BRONCHODILATOR RESPONSE CRITERIA

Significant Bronchodilator Response Threshold:
= ADULTS and CHILDREN

= Rrs5Hz: 40% decrease from baseline
= XrsbHz: 50% increase

m AX: 80% decrease

King GG et al: Eur Respir J 2020;55:1900753 N California

'/
# N Thoracic Society



CASE PRESENTATION NO. 1
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CASE # 1: NORMAL SPIROMETRY WITH SYMPTOMS OF

ASTHMA, DOES PATIENT HAVE ASTHMA?

32 yr old Hispanic Male
H172cm W 72 Kg

BMI 24.3 Kg/m?
Dyspnea: walking <91 m
Cough: non-productive
Tobacco: never smoke
Wheeze: frequent
Recent illness: Asthma
exacerbation 3 months ago
Medications: Albuterol
ACT score: 9

SPIROMETRY
Pre-BD Post-BD
Actual LLN  ZScore Pred %Pred |Actual %Pred %Chng

FVC (L) 463 401 061 | 499 (92 ||474 9 |42
FEVZ (L) 384 328 056 | 412 |93 ||412 99 |47
FEVI/FVC(%) 8296 7197 +40.03 8281 100 9684 104 +4
SLOW VITAL CAPACITY
SVC(L) ‘4.74 401 042 499 9

# N\ California
# N Thoracic Society



CASE # 1 OSCILLOMETRY DATA

FL% 0% TR
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CASE # 1 INTERPRETATION

“* Rrs.,,, is within normal limits with no significant response to
bronchodilator.

“* Xrsexps,, increased (more negative), suggests impaired mechanical
properties of the peripheral airways due to peripheral airways
inflammation, and/or ventilation inhomogeneities.

** Following bronchodilator administration, Xrsexp.,,, decreased >50%
(less negative), with frs shifted to lower frequency, suggests a
significant response to bronchodilator.

** Poor control asthma symptoms together with abnormal reactance
(Xrsexpc,,,) and response to bronchodilator are consistent with
asthma.

# N\ California
# N Thoracic Society



RELATIONSHIP OF ABNORMAL SPIROMETRY AND
ABNORMAL OSCILLOMETRY TO POOR ASTHMA

CONTROL
Lung Function Variable Poor Asthma Control (ACT <20)

(n=90) Present Absent  Sensitivity Specificity
(n) (n)
Spirometric FAO Present 30 13 55% 63%
Absent 25 22
Abnormal R, Present 23 5 82% 86%
Absent 32 30
Abnormal X, Present 38 9 81% 74%0
Absent 17 26
Abnormal AX Present 43 14 75% 60%
Absent 12 21

FAO: Fixed airflow obstruction; ACT: asthma control test

# N\ California
Adapted from Cottee AM et al. J Allergy Clin Immunol Pract 2022;10:1260 ' \ Thoracic Society
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CASE #2: NORMAL SPIROMETRY, MILD OBESITY WITH

AIR TRAPPING, DOES PATIENT HAVE COPD?

63 yrs old Caucasian Male
H 169 cm W 97 Kg

BMI 34 Kg/m?

Dyspnea: with exertion
Cough: yes, productive
Tobacco: 5 pkyrs, quit 6 yrs ago
Wheeze: no

Recent illness: no
Medications: Spiriva, +
Fluticasone/Salmeterol, +
Albuterol prn.

g

W, California
N Thoracic Society



CASE #2 OSCILLOMETRY DATA

£Eds 26690)
*EFL Threshold = 2.8 cmH20/L/s ’§ %ﬁ“forf‘iaSo ety
oracic Cle



CASE #2 INTERPRETATION

“* Rrsc,, is within normal limits with no significant response to bronchodilator.

% Xrsexps,, and Xrstot.,,, increased (more negative) suggests impaired
mechanical properties of peripheral airways, ventilation inhomogeneity,
airway closure, and increased chest wall stiffness (obesity).

** The presence of EFL leads to air trapping (increased RV/TLC).

** Following bronchodilator administration, both Xrsexp,,, and Xrstot,,,
decreased >50% (less negative), with frs shifted to lower frequency,
suggests a significant response to bronchodilator.

** The above findings are consistent with Chronic Bronchitis or Asthma

California

’ t Thoracic Society



INTRA-BREATH EFL DISCRIMINATE SURVIVAL IN

MODERATELY SEVERE COPD (ECLIPSE TRIAL)

Aarli BB et al. Inter ] COPD 2017; 12: 2179

In moderately severe COPD (FEV1 >
50% pred), oscillometry detected
~27 % of patients with EFL.

In this group of patients, EFL predicts
high risk for mortality

In severe or very severe COPD (FEV1
<50% pred), FEV1 predicts high risk of
mortality irrespective of EFL.
Detection of EFL leads to early
intervention, e.g., pulmonary
rehabilitation may be of benefit.

# N\ California
# N Thoracic Society



CLINICAL APPLICATION IN
OSCILLOMETRY



Kostorz-Nosal S et al. Respir Physiol Neurobiol 2023; 316:104135 ’ Q '(Izﬁgi;gzrlltliaSOdety



DIAGNOSTIC POTENTIAL OF OSCILLOMETRY

LEAD [LUNG HEART SOCIAL BODY] STUDY

Veneron C et al. Am J Repir Crit Care Med 2024; 209: 444

General population 18-90 yrs (total n: 7560;
with symptoms /disease n = 2171)

Abnormal Oscillometry detected in 20%
(1506/7560) of population

Abnormal Spirometry detected in 13%
(985/7560) of population

Abnormal oscillometry alone identified 27%
(587/2171) of subjects with respiratory
symptoms/disease

Abnormal spirometry alone identified 22.2%
(483/2171) of subjects with respiratory
symptoms/disease

Combined abnormal oscillometry and
spirometry identified 38.8% (840/2171) of
subjects with respiratory symptoms/disease

# N\ California
# N Thoracic Society



LIMITATIONS OF OSCILLOMETRY

= No extensive reference normal values comparable to Global Lung Function
Initiative (GLI) reference values for spirometry, lung volumes and DLCO
[e.g., Rrs5-19Hz].

= Unable to determine the degree of severity similar to the degree of
obstruction with GOLD’s percent predicted FEV1.

= Resistance and Reactance are volume dependent, yet, unable to correct
for lung volume. Since bronchodilation reduces lung hyperinflation, this
would potentially cause paradoxical increase in Rrs and decrease Xrs,
therefore, the interpretation of bronchodilator responses of Rrs and Xrs
may not be straightforward and could cause some disparity with
spirometry response.

California

’ t Thoracic Society



SUMMARY
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SUMMARY OF OSCILLOMETRIC RESISTANCE AND

REACTANCE PATTERN IN NORMAL AND DISEASE

RESISTANCE (Rrs) REACTANCE (Xrs) FLOW-VOL LOOP

# N\ California
Adapted from Komarow HD et al. Ann Allergy Asthma Immunol 2011; 106: 191 ’ \ Thoracic Society



TAKE HOME MESSAGE

» QOscillometry complements existing conventional pulmonary function tests.

= Oscillometry is useful for longitudinal monitoring of lung function from the very
young to the very old, essentially throughout life.

* |ncreased RrsgHz is consistent with peripheral airway obstruction.
» Increased Rrs at all frequencies is consistent with central airway obstruction

= Reactance at 5 Hz is sensitive to detect impaired mechanical properties of the
peripheral airways, however, it increases (more negative) in both obstructive
disease (due to parenchymal inhomogeneity, peripheral airway wall stiffness, or
air trapping from dynamic airway closure) and restrictive disease (due to
increased stiffness of lung parenchyma or chest wall), hence clinical correlation
IS necessary.

# N\ California
# N Thoracic Society
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Biologics for COPD

Stephanie Christenson, MD, MAS
Associate Professor
UC San Francisco

Dr. Christenson is an Associate Professor at the University of California, San Francisco
in the Division of Pulmonary, Critical Care, Allergy, and Sleep Medicine. She serves as
an attending physician on the Pulmonary Consult Service and in the Pulmonary Clinic.
Dr. Christenson obtained her undergraduate degree at the University of Wisconsin,
Madison and her medical degree at the Medical College of Wisconsin. She completed
her residency training as well as a year of research training in computational biology at
Boston Medical Center. She then came to UCSF for fellowship in Pulmonary and Critical
Care Medicine where she also obtained a Master’s in Clinical Research, after which she
joined faculty.

Dr. Christenson’s research program integrates her expertise in genomics/bioinformatics
and clinical research to study chronic airway disease and the associated risk factors.
Her research emphasizes innovative computational tools, systems biology approaches,
and ‘omics biomarkers to better inform our understanding of the biology underlying
clinical traits and outcomes in asthma, smoking, and COPD. Dr. Christenson also
serves in multiple leadership roles for multi-center studies and advises industry on trials
of biologic and inhaled therapies for COPD. Leadership roles include co-director of the
Genetics and Genomics Subcommittee for the multi-center SPIROMICS and SOURCE
studies, the UCSF site PI for the American Lung Association (ALA) Airway Clinical
Research Consortium, and a Disease Study Site PI for the NHGRI-funded Multi-Omics
in Health and Disease (MOHD) Consortium.
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Faculty Disclosures

| have the following relationships with ACCME defined ineligible
companies:

= AstraZeneca: Consultant, Speaker (non-branded)
= GlaxoSmithKline: Consultant, Speaker (non-branded)
= Glenmark: Consultant
= Sanofi: Consultant, Speaker (non-branded)
= Regeneron: Consultant, Speaker (non-branded)
= UpToDate: writer
= Verona: Consultant
| WILL discuss off-label use and/or investigational use of any drugs or devices.
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Outline

= QOverview of T2 inflammation

= Evidence for T2 inflammation in COPD before biologics:
blood eosinophils and corticosteroids

= Biologics in COPD




Type 2 Inflammation in the Airway
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Initial Pharmacotherapy
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Endotyping in COPD:
Blood Eosinophils and Inhaled Corticosteroids

= Improved Exacerbation Prevention in Post-Hoc analyses of
blood eos in ICS/LABA trials:

FORWARD-> AECOPD rate reduction, A FEV1,SGRQ

INSPIRE-> AECOPD rate reduction

TRISTAN-> AECOPD rate reduction

3 RCTs of Budesonide/Formoterol - AECOPD rate reduction, A FEV1,SGRQ
2 RCTs of Fluticasone/Vilanterol > AECOPD rate reduction

WISDOM - Increased Moderate/Severe Exacerbations after ICS withdrawal

Siddiqui SH, AJRCCM. 2015 Pascoe, Lancet Respir Med. 2015 Bafadhel M, Lancet Respir Med. 2018
Pavord ID, Thorax 2016 Watz H, et al. Lancet Respir Med 2016



Endotyping in COPD:
Blood Eosinophils and Inhaled Corticosteroids

Equipoise in Inhaled Therapy Trials:
LABA/LAMA vs ICS/LABA

- FLAME (2016): indacaterol/glycopyrronium superior/similar to salmeterol/fluticasone
regardless of blood eosinophil levels

Triple Therapies (ICS/LABA/LAMA)

- IMPACT (2018): fluticasone/umeclidium/vilanterol decreased exacerbations more than
LAMA/LABA (umeclidium/vilanterol) or ICS/LABA (fluticasone/vilanterol) regardless of
eosinophil counts

- ETHOS (2020): budesonide/glycopyrrolate/formoterol decreased exacerbations more than
LAMA/LABA (glycopyrrolate/formoterol) or ICS/LABA (fluticasone/vilanterol) regardless of
eosinophil counts

Wedzicha JA, et al NEJM 2016 Lipson D, et al NEJM 2018  Rabe KF, et al NEJM 2020 UCSF



Endotyping in COPD:

Triple Therapy Post-Hoc Analyses of Eosinophils

IMPACT

ETHOS

Annual rate of moderate/severe exacerbations

BGF 320/14.4/10 pg vs GFF Events (n)
<100 cells/mm?® —t— 308 vs 262
2100 cells/mm?® —— 1544 vs 1834
>100-<300 cells/mm? —— 1263 vs 1469
2300 cells/mm?® —— 281 vs 365
BGF 320/14.4/10 pg vs BFF

<100 cells/mm?® —— 308 vs 348
2100 cells/mm® —— 1544 vs 1670
2100-<300 cells/mm? —— 1263 vs 1363
=300 cells/mm?® e 281 vs 307

I T T 1
0.25 0.50 1.00 2.00

RR
+———— Favors triple therapy

RR (95% Cl)
1.03(0.81,1.31)
0.71(0.65, 0.79)
0.78(0.70, 0.87)
0.48(0.37,0.61)

0.78 (0.62, 0.98)
0.88 (0.80, 0.98)
0.88 (0.78, 0.98)
0.91(0.71, 1.16)

P-value
0.8042
<0.0001
<0.0001
<0.0001

0.0342
0.0183
0.0219
0.4475

9 Pascoe S et al, Lancet Respir Med 2020

Bafhadel M et al, Int J Chron Obstruct Pulmon Dis 2022

UGSk



ICS containing regimens may not have an

effect with Blood Eos <100

< | [ I
O 0-20 0-40 0-60 0-80 1-0C

Eosinophil count (=107 cells per L)

10 Bafhadel et al, Lancet Respir Med 2018 UCSF



Blood |

Fosinophil counts in IMPACT

1"

Pascoe S et al, Lancet Respir Med 2020
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Biologics in COPD




Biologics in Development in COPD

***None of these are FDA approved

Biologic Target Trial
Mebolizumab IL-5 METREX & METREO (Pavord ID, et al NEJM 2017)
P MATINEE (Ongoing, Est Completion: 8/24)
Benralizumab IL-5R GALATHEA & TERRANOVA (Lipson D, et al NEJM 2018)
RESOLUTE (Ongoing, Est Completion: 6/25)
Sl IL4R BOREAS (Rabe KF. et al NEJM 2023)
P (IL-4 & IL-13) NOTUS (not yet reported)
Tezepelumab TSLP COURSE (Phase 2a, Ongoing, Completed: 1/24)
Itepekimab IL-33 AERIFY-1 & 2 (Ongoing, Est Completion: 11/25)
Tozorakimab IL-33 OBERON & TITANIA (Ongoing, Est Completion: 8/25)
Astegolimab ST2 ARNASA (Ongoing, Est Completion: 6/25)
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Fosinophils as a therapeutic target: Anti-I1.-5 Biologics

Mixed Results to Date

Mepolizumab (anti-IL-5)

EI|g|b|I|ty
10 pack year smoking history
Triple therapy x3 months
* >2 moderate or > 1 severe exacerbation
» Current diagnosis of asthma excluded
* Blood Eos:
=>150/uL at screening OR
>300/uL during previous year

Benralizumab (anti-IL-5Ra)

EI|g|b|I|ty

» 10 pack year smoking history
* Dual or Triple Therapy
* > 2 moderate or > 1 severe exacerbation
* Symptomatic: MMRC > 1
» Current diagnosis of asthma excluded
* Blood Eos:

=2220/uL at baseline

METREX METREO GALATHEA Terranova
« Statistically significant * Did not reach * Neither reached significance for
18% reduction in significance for exacerbations
exacerbations exacerbations
» Both showed improvement in lung function
* No difference in * No difference in
symptom scores symptom scores

Lipson D, NEJM 2018  Pavord ID, NEJM 2017 UCSF



Fosinophils as a therapeutic target: Anti-I1.-5 Biologics
Post-Hoc Analyses: Potential efficacy with higher eos?

Mepolizumab (anti-IL-5) Benralizumab (anti-IL-5Ra)

METREX METREO GALATHEA Terranova

Lipson D, NEJM 2018  Pavord ID, NEJM 2017 UCSF



II.-4 and II.-13 as a therapeutic target: Dupilumab
BOREAS Trial

EI|g|b|I|ty
10 pack year smoking history

« triple therapy for > 3 months
« > 2 moderate or > 1 severe

exacerbation

* Chronic bronchitis
* No history of asthma
e Blood Eos:

=>300/pL at screening

17

Bhatt, et al. NEJM 2023 U%F



II.-4 and II.-13 as a therapeutic target: Dupilumab
BOREAS Trial

Exacerbations: 30% reduction

IPre-Bronchodilator FEV1

18

Bhatt, et al. NEJM 2023 U%F



BOREAS

Additional Outcomes

19

Bhatt, et al. NEJM 2023 U%F



Biomarker Responses in BOREAS

Placebo Dupilumab 300

(N=470) (N=469)
Blood eosinophils, cells/pL
Percent change from baseline at week 52
N 376 372
Median -9.45 -11.95
Fibrinogen, mg/dL
Percent change from baseline at week 52
N 391 399
Median -1.3 -2.6
FEno, ppb
Percent change from baseline at week 52
N 358 350
Median -6.9 -28.6

20 Bhatt, et al. NEJM 2023 U%F



I1.-33 as a therapeutic target in COPD:

Itepikimab phase 2 trial

Eligibility

* 10 pack year smoking history

* Dual or triple therapy

« > 2 moderate or > 1 severe
exacerbation

» Chronic bronchitis

+ Symptomatic: CAT >10

* Blood Eos: any

FEV1

Exacerbations

**No Significant
Differences

21

Rabe KF, et al. Lancet Resp Med 2021 U%F
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I1.-33 as a therapeutic target in COPD:
Itepikimab phase 2 trial

Former Smokers
FEV1 Exacerbations

Current Smokers
FEV1 Exacerbations

Rabe KF, et al. Lancet Resp Med 2021 U%F



Biologics in Development in COPD

***None of these are FDA approved

Biologic Target Trial
Mebolizumab IL-5 METREX & METREO (Pavord ID, et al NEJM 2017)
P MATINEE (Ongoing, Est Completion: 8/24)
Benralizumab IL-5R GALATHEA & TERRANOVA (Lipson D, et al NEJM 2018)
RESOLUTE (Ongoing, Est Completion: 6/25)
Sl IL4R BOREAS (Rabe KF. et al NEJM 2023)
P (IL-4 & IL-13) NOTUS (not yet reported)
Tezepelumab TSLP COURSE (Phase 2a, Ongoing, Completed: 1/24)
Itepekimab IL-33 AERIFY-1 & 2 (Ongoing, Est Completion: 11/25)
Tozorakimab IL-33 OBERON & TITANIA (Ongoing, Est Completion: 8/25)
Astegolimab ST2 ARNASA (Ongoing, Est Completion: 6/25)




Conclusions

There is evidence that T2 inflammation plays a major role in a subset of patients with
COPD

Patients with T2 inflammation, as measured by blood eos, appear to respond better
to inhaled corticosteroids than those without T2 inflammation

There are multiple T2 biologics in the pipeline for COPD with clinical trials ending in
2024 and 2025

Dupilumab is currently the only biologics with strongly positive results in COPD, but
there is promise that others will work in COPD subgroups with blood eosinophils
>300.

Alarmin-based therapy, targeting IL-33 or TSLP, is being studied in both T2 low and
T2 high individuals.

24
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RELEVANT DISCLOSURES

= | have the following relationships with ACCME defined ineligible companies:
= None pertinent to this topic

= | WILL discuss off-label use and/or investigational use of any drugs or devices

= Bronchial rheoplasty, cryospray, and targeted lung denervation have breakthrough
device designation from the FDA and are approved for use in clinical trials only

# N\ California
# N Thoracic Society



OBJECTIVES

Identify benign airway diseases for which there are bronchoscopic interventions

= Describe general mechanisms of action of different interventions

= Discuss clinical evidence and eligibility criteria for different interventions

= Assess the role of bronchoscopic interventions in broader context of patient care

# N\ California
# N Thoracic Society



LIMITATIONS OF THERAPEUTIC

BRONCHOSCOPY

Do | have a bronchoscopic intervention?

Definitely

Possibly

| guess | can take a look . ..

Wait, what?

Isn’t there an inhaler for that?

# N\ California
# N Thoracic Society




LIMITATIONS OF THERAPEUTIC

BRONCHOSCOPY

# N\ California
https://www.definitivehc.com/resources/healthcare-insights/top-conditions-pulmonologist-visits ‘ \ Thoracic Society



EVOLUTION OF BRONCHOSCOPIC

THERAPEUTICS

= First 100+ years: therapeutics limited to central-lobar-segmental airways

= Last10-15 years: multiple new treatment options for peripheral obstructive
lung diseases

= 2010: bronchial thermoplasty for asthma

= 2018: endobronchial valves for emphysema

= 2019: bronchial rheoplasty and cryospray for chronic bronchitis
= 2020: targeted lung denervation for COPD

# N\ California
# N Thoracic Society



APPROVED INTERVENTIONS

Bronchial thermoplasty (asthma)

Bronchoscopic lung volume reduction (emphysema)

California

’ t Thoracic Society



BRONCHIAL THERMOPLASTY (BT)

= Delivery of radiofrequency (RF) energy to intermediate-size airways for the
treatment of severe asthma

= Alair system (Boston Scientific) FDA-approved since 2010

Foot pedal «—

Grounding pad Catheter (1.5 mMmOD) g ¥ california
# N\ Thoracic Society



BRONCHIAL THERMOPLASTY (BT)

= Post-BT airway phenomena:
= Decreased airway smooth muscle mass
= Decreased type | collagen deposition
= Disrupted autonomic innervation
= Depletion of neuroendocrine cells
" Increased distal airways volume on HRCT

Hashmi, et al. Respirology 2022.

65 °C

# N\ California
Dombret, et al. ERJ 2014;23:510-518. ‘ \ Thoracic Society



BRONCHIAL THERMOPLASTY (BT)

= Course of treatment:
= 3sessions (RLL, LLL, both upper lobes)
= 3 weeks apart
* Treatall airways from 3 2 10 mm in diameter

| | z;_“\ . il N /) \ 5. o \
. e AR AMle—z %2\
A )£ ._..:__-'::'__1115“ L= ) f—— y L} ;‘: _— r_:____.s‘
) ~\ & S e /
af Ll ) iy

l

Catheter placed Electrode array Electrode array Electrode array Electrode array
distally in airway, partially collapsed expanded and partially collapsed expanded and
electrode array and moved 5 mm adjacent but not and moved 5 mm adjacent but not
expanded and promixal to previous overlapping activa- promixal to previous overlapping activa-
controller activated activation tion completed activation tion completed

# N\ California
# N Thoracic Society



BRONCHIAL THERMOPLASTY (BT)

» AIR2 (2010) — multicenter, double-masked, sham-controlled randomized trial
= Pre-BD FEV, ~78%p, Asthma QoL Questionnaire score ~4.4
= Small but statistically significant improvements in AQLQ, severe exacerbations, ED visits @ 12 mo
= Sustained improvements over median 12 yrs (BT10+, 2021)

A 6.0 " 0.9 -
li Average Score ! &k *
l 5.80 - .
BT 3 0.7 - t
5.71 5.71 5.68 i o}
l I (N=173) E pedl
z ]
§ Sham 5 0.5 1
g 5.5 1 5.56 | (N=95) % 0.4 -
a3 5.49 548 T
= 5.40 L% 0.3
‘5 0.2 A
® 0.1 - ’
0 T T !
5.0 T T T , Severe Unscheduled Emergency Room  Hospitalizations
3 Mon 6 Mon 9 Mon 12 Mon Exacerbations Phys»::rl:gs Office Visits
AIR2: Castro, et al. AJRCCM 2010. ’ \ California

BT1o0+: Chaudhuri, et al. Lancet Respir Med 2021. ‘ \ Thoracic Society



BRONCHIAL THERMOPLASTY (BT)

= Risks/complications:
= Asthma exacerbation (increased x 3 mo post-tx), upper respiratory tract infection
= Lower respiratory tract infection, atelectasis, hemoptysis (uncommon)

= AIR2 (2010):
= 85% experienced an adverse event (~1 event/session)
= 8.4% required hospitalization

Castro, et al. AJRCCM 2010.

# N\ California
# N Thoracic Society



BRONCHIAL THERMOPLASTY (BT)

= Eligibility criteria: = Exclusion criteria:
= >18yearsold = Smoker
= Severe asthma = Life-threatening exacerbations/24 mo
= GINA step = 4 treatment = >3LRTIs/a2 mo
= T,2-low phenotype = FEV,<50%p
= ACT score <19 = |Implanted electronic device

California

’ t Thoracic Society



BRONCHIAL THERMOPLASTY (BT)

= Criticisms of BT:
= Study patient characteristics not clearly representative of severe asthma
= Racial/ethnic homogeneity (80% white in AIR2)
» High rate of AEs, increased exacerbations over 3 months
* Magnitude of benefit may not be clinically meaningful
» Degree of benefit in sham arm (placebo effect)
* Lack of long-term follow-up for sham controls

Thomson NC. J Asthma Allergy 201g9.

# N\ California
# N Thoracic Society



BRONCHIAL THERMOPLASTY (BT)

= Role of BT in asthma treatment:
= Uncontrolled at Step 5, referred to specialty center, no access/eligibility for biologics (GINA 2023)

https://ginasthma.org/2023-gina-main-report/
= Biased opinion:
= (Consultation with asthma specialist and consideration of clinical trials should come first
= Failure of advanced medical management should prompt reevaluation of diagnosis
= BT is becoming treatment of last resort

# N\ California
# N Thoracic Society



BRONCHOSCOPIC LUNG VOLUME

REDUCTION (BLVR)

* Bronchoscopic procedure to treat hyperinflation in patients with emphysema

= Various modalities have been/are being studied
Endobronchial coils

Airway bypass stents

Thermal vapor ablation

One-way endobronchial valves

Zephyr Spiration

# N\ California
# N Thoracic Society



BRONCHOSCOPIC LUNG VOLUME

REDUCTION (BLVR)

= One-way valves placed in airways let
air out but not in

* Gradual collapse of lobe(s)

= Reduced hyperinflation

# N\ California
https://www.accessdata.fda.gov/cdrh_docs/pdf18/P180002B.pdf # N Thoracic Society



https://www.accessdata.fda.gov/cdrh_docs/pdf18/P180002B.pdf

BRONCHOSCOPIC LUNG VOLUME

REDUCTION (BLVR)

= Physiologic outcomes of BLVR:
* Improved diaphragm length-tension relationship = better muscle mechanics
= |LessV/Q mismatch
= Improved FEV,

California

’ t Thoracic Society



BRONCHOSCOPIC LUNG VOLUME

REDUCTION (BLVR)

= (Clinical trial data:

2003
NETT

Zephyr

2010
VENT

2016

2015 IMPACT* ;-

BeLieVeR
STELVIO

2018

TRANSFORM

*Homogeneous emphysema

Spiration

LIBERATE 0,4

EMPROVE

# N\ California
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BRONCHOSCOPIC LUNG VOLUME

REDUCTION (BLVR)

= LIBERATE (Zephyr, 2018)

FEV, 28%p

RV 224.5%p

6MWD 3121 m

Emphysema destruction 70.9%
Heterogeneity 25.5%

Criner GJ, et al. AJRCCM 2018.

= EMPROVE (Spiration, 2019)

FEV, 30.8%p

RV 207.5%p

6MWD 303.5 m

Emphysema destruction 63.6%
Heterogeneity 25.3%

12-month outcomes Valves Control

FEV,improvement = 15% 37.2 5.1
SGRAQ reduction = 4 pts 50.5 22.0
mMRC reduction = 1 pt 48.9 7.3

Criner GJ, et al. AJRCCM 2019.
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BRONCHOSCOPIC LUNG VOLUME

REDUCTION (BLVR)

= Risks/complications:
= Pneumothorax (26.6% in LIBERATE)

= Nosignificant differences in other
adverse events

— 76% of all PTX in Day o-3

Criner GJ, et al. AJRCCM 2018.
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BRONCHOSCOPIC LUNG VOLUME

REDUCTION (BLVR)

= Eligibility criteria: = Exclusion criteria:
= >18yearsold = >2 AECOPD hospitalizations in past year
= Emphysema with hyperinflation = >2PNAinpastyear
= RV =150-175%p (heterogeneous) = Recent Ml or LVEF < 45%
" RV 2200%p (homogeneous) = Bullae > 30% of hemithorax
" FEV,15-50% = Prior major chest surgery (LVRS, transplant,
= 6MWD 100-500 m bullectomy, lobectomy, pleurodesis)
= Quit smoking = 4 months ago = Significant sputum production
» Completed pulmonary rehab " DLco<20%p

= PASP > 45-50 mm Hg
= PaCO, z50mm Hg
= Pa0, <45 mm Hg
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BRONCHOSCOPIC LUNG VOLUME

REDUCTION (BLVR)

= Additional testing:
= (T analysis to assess lobe volumes, % destruction, heterogeneity and fissure-integrity

= Balloon occlusion test during bronchoscopy to confirm fissure-integrity (Zephyr only)

Chartis assessment for fissure-integrity (Zephyr)

No collateral ventilation (CV-) Collateral ventilation (CV+)
Complete fissure Incomplete fissure
StratX REPOI"t (Zephyr) LuzziV, et al. Eur Respir J 2018. ’ § %ﬁgigzrlltliaSOCIety



BRONCHOSCOPIC LUNG VOLUME

REDUCTION (BLVR)

= Emerging long-term data:
= Sustained improvementsin RV, FEV_, and SGRQ at 3 years Hartman, et al. ERJ Open Res 2022.

= |mproved median survival in 1 study (+1.7 years vs “controls”) Hartman, etal. Respir Med 2022.

= BLVR vsLVRS:
= Nonsurgical

= Similar efficacy (CELEB, 2023) — Buttery, et al. ERJ 2023 — early view.
= Does not complicate future chest surgery
= Not limited to upper lobes”

California
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BRONCHOSCOPIC LUNG VOLUME

REDUCTION (BLVR)

= Whento consider BLVR in treatment of severe emphysema:
= Symptomatic despite maximal medical therapy + pulmonary rehab
= Avoid LVRS
= Delay time-to-transplantation
= Potential future chest surgery (e.g., transplantation)

= Biased opinion:
= Few interventions address hyperinflation or poor muscle mechanics
= Pulmonary rehab, NIV, and BLVR should be considered early for emphysema patients
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FUTURE INTERVENTIONS

Bronchial rheoplasty (chronic bronchitis)
Cryospray (chronic bronchitis)
Targeted lung denervation (COPD)

California
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COPD WITHOUT SIGNIFICANT EMPHYSEMA

Epithelial Cholinergic
inflammation hyperreactivity
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BRONCHIAL RHEOPLASTY

= Pulsed electric field (PEF) energy to ablate goblet cells

= RheOx system (Gala Therapeutics) granted breakthrough device status in 2019

galatherapeutics.com Sciurba FC, et al. BMJ Open Respir Res 2023. ’ t Callforr,“a .
Thoracic Society



BRONCHIAL RHEOPLASTY

= High-frequency, short-duration nonthermal, pulsed energy field
= Disrupts cellular homeostasis = apoptosis

Pre-tx . . . .
- = Preserves tissue architecture = mucosal regeneration, but with
fewer goblet cells

120 days post-tx RN RIN A ) # \ California
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BRONCHIAL RHEOPLASTY

Target patient population:
= FEV130-80%p
= Chronic productive cough = 3 mo/yr x 2 consecutive years
= >10 pack-year smoking history

Observational data:
= Sustained improvements in CAT, SGRQ, sputum production

Adverse events:
= Moderate AECOPD, hemoptysis (self-limited)

RheSolve: multi-center, double-masked RCT (completed June 2023) _ _
Sciurba FC, et al. BMJ Open Respir Res 2023.
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CRYOSPRAY

= Metered-dose LN, sprayed in airways to denude bronchial epithelium

= RejuvenAir system (CSA Medical) granted breakthrough device status in 2019

Hartman JE, et al. Eur Respir Rev 2021. ’ § Califorpia )
Thoracic Society



CRYOSPRAY

= Temperature-drop (-196 °C) penetrates intosubmucosa
= Entire epithelium is ablated

= Repopulation with healthy/normal epithelium

csamedical.com
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CRYOSPRAY

= Target patient population:
= Same as rheoplasty

Clinical data:
= Improved symptoms and sputum production relative to baseline at g mo Garner JL et al. ERJ 2020.
= Mean SGRQ -9.6 points relative to sham arm in study of 31 patients at 6 mo  Orton CM, etal. ERJ 2022 (abstract).

= Adverse events:
= AECOPD, PNA, worsening cough

SPRAY-CB: multi-center, sham-controlled RCT (underway)
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TARGETED LUNG DENERVATION

= Radiofrequency ablation (RFA) of vagal branches to the mainstem bronchi

= dNerva system (Nuvaira, Inc.) granted breakthrough device status in 2020

https://nuvaira.com/technology/
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TARGETED LUNG DENERVATION

= RFA disrupts peribronchial branches of vagus nerve

= Disruption of parasympathetic reflex in the airways

= Decreased smooth muscle tone and airway resistance

Neuvaira.com
Hummel JP, et al. J Appl Physiol 2018.
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TARGETED LUNG DENERVATION

Target patient population:
= FEV130-60%p
= >>2 moderate AECOPD or =1 severe AECOPD/12 mo

Clinical data:

= Improved symptom-control, fewer overall respiratory events,
greater time-to-severe AECOPD vs sham controls

= Benefit sustained up to 3 yrs

Adverse events:
= Esophageal complications Slebos DJ, et al. AJRCCM 2019.

Valipour, et al. Int J Chron Obstruct Pulm Dis 2020.
Christophe P, et al. Respir Res 2021.
Conway F, et al. Respiration 2022.
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AIRFLOW-3: multi-center, sham-controlled RCT (underway)



SUMMARY

= |nterventional bronchoscopy no longer limited to the central airways

= Several interventions for clinical use or under investigation for treatment of benign small
airway obstructive disease

BT somewhat fraught with uncertainty, losing ground to biologics

Robust data in support of BLVR for advanced emphysema

New bronchoscopic treatments for non-emphysematous COPD under investigation
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THANKYOU!

Brian Shaller
bshaller@stanford.edu

(917) 626-0277
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