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Objectives

® Discuss the heterogeneity of COPD, and how exacerbations affect future outcomes

® Discuss the role of eosinophils as a biomarker in predicting severe COPD and future
exacerbations

® Discuss the recent approval of dupilumab for COPD, and future areas of investigation



What is COPD?

® GOLD (2024): “A heterogeneous lung condition characterized by chronic respiratory
symptoms (dyspnea, cough, sputum production and/or exacerbations) due to abnormalities

of the airways (bronchitis, bronchiolitis) and/or alveoli (emphysema) that cause persistent,
often progressive, airflow obstruction.”

® In practice multiple progressive lung diseases included such as chronic bronchitis,
emphysema, asthma/COPD overlap, and some bronchiectasis

® Refractory symptoms including dyspnea on exertion, chronic cough, and increased sputum
production



Not All COPD Is The Same
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Variability of COPD and Exacerbations

® COPD has heterogeneity in presentation and progression
® Exacerbations drive cost in COPD care

® |dentifying patients at risk of exacerbation and mediating that risk is key in COPD care



Progression of COPD
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Exacerbations Affect Future Outcomes

® COPD exacerbations predict probability
of future exacerbations

® Clear effect seen on exacerbations and
mortality

® Biomarkers that could identify
susceptibility to exacerbation would be
helpful
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Eosinophils Known to Have a Role

® Hogg et al. studied surgically resected
lung tissue of COPD patients to better
understand small airway obstruction

® Noted that eosinophils seen in the
airway of COPD patients, across all
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Eosinophils Associated with Exacerbations

® Couillard et al. investigated outcomes of

severe COPD exacerbations in patients
with eosinophilia

® Fosinophils associated with increased risk
of 12-month COPD associated
readmission, all cause readmission, and
shorter time to first COPD-related 0o0d Censored

Proportion Without
COPD-related Readmission

readmission (') 1(')0 2(')0 3(')0
® Eosinophils reflect readmission rates Time to First COPD-related Readmission

Eosinophilia —— No —— Yes

CHEST 2017; 151(2), 366 - 373
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Mepolizumab

® COPD with an eosinophilic phenotype
® Two separate trials- METREX and METREO

® METREX- 100 mg dose, patients not initially selected by eosinophil count though subgroup
with eosinophilia was examined

® METREO- 100 mg and 300 mg dose, all patients had eosinophil level of 150 per cubic mm at
screening or 300 over last year

® End point- rate of moderate or severe exacerbations

N Engl J Med 2022;386:157-171



A METREX Modified Intention-to-Treat Population with
an Eosinophilic Phenotype
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FDA Advisory Committee

® \/oted against approval of mepolizumab for treatment of COPD- 2018

® Questioned efficacy, variables about patient history (were they asthmatics), and lack of
consensus definition of eosinophil COPD

® No safety concerns



Benralizumab

® GALATHEA and TERRANOVA trials

® Enrolled COPD patients with frequent exacerbations to receive benralizumab in GALATHEA
(30 or 100 mg) or TERRANOVA (10, 30, or 100 mg)

® Assessed annualized COPD exacerbation rate ratio at week 56 vs. placebo

® No benefit seen as add on to standard therapy vs. placebo



Dupilumab

® BOREAS trial

® Patients who met eligibility criteria assigned 300 mg dupilumab or placebo once every 2
weeks for 52 weeks

® Primary endpoint: Annualized rate of moderate or severe exacerbations of COPD

® Secondary endpoints: Changes in prebronchodilator FEV1 and scores on St. George’s
Respiratory Questionnaire and Evaluating Respiratory Symptoms in COPD (E-RS-COPD)

N Engl J Med 2023;389:205-214



Table 1. Selected Demographic and Disease Characteristics of the Patients at Baseline (Intention-to-Treat Population).*
Placebo Dupilumab Total
Characteristic (N=471) (N=468) (N=939)
Age — yr 65.2+8.1 65.0+8.0 65.1+8.1
Male sex — no. (%) 322 (68.4) 298 (63.7) 620 (66.0)
Race or ethnic group — no. (%)
White 397 (84.3) 393 (84.0) 790 (84.1)
Black 2 (0.4) 3 (0.6) 5 (0.5)
Asian 67 (14.2) 67 (14.3) 134 (14.3)
American Indian or Alaska Native 4 (0.8) 3 (0.8) 7 (0.7)
Native Hawaiian or other Pacific Islander 1(0.2) 0 1(0.1)
Multiple 0 2 (0.4) 2(0.2)
Hispanic or Latino ethnic group — no. (%)
Hispanic or Latino 129 (27.4) 132 (28.2) 261 (27.8)
Non-Hispanic or non-Lating 342 (72.8) 335 (71.6) 677 (72.1)
Unknown 0 1(0.2) 1(0.1)
Smoking status — no. (%)
Former smoker 323 (63.6) 334 (71.4) 657 (70.0)
Current smoker 148 (31.4) 134 (28.6) 282 (30.0)
Smoking history — pack-yr: 41,4124 .4 39.6+£22.3 40.5+23.4
Body-mass indexf 27.645.7 27.5+5.4 27.6+5.6
Background medication — no. (%)
Triple therapy| 461 (97.9) 455 (97.2) 916 (97.6)
Inhaled high-dose glucocorticoid 126 (26.8) 131 (23.0) 257 (27.4)
Biomarkers of type 2 inflammation
Blood eosinophil count at randomization
Mean — per pl 408+331 394:261 401+298
Median (interquartile range) — per pl 330 (230-460) 340 (250-460) 340 (240-460)
Postbronchodilator FENO — ppb#* 23.51£22.00 25.18+22.79 24.33+22.40
Distribution — no.ftotal no. (%)
=20 ppb 188442 (42.5) 195/433 (45.0) 383/875 (43.8)
<20 ppb 254442 (57.5) 2387433 (55.0) 492 /875 (56.2)
No. of moderate or severe COPD exacerbations in 2.3+1.0 2.2+1.1 2.3+1.0
previous yr
Lung function
Prebronchodilator FEV, — liters 1.32+0.46 1.28+0.45 1.30+0.46
Postbronchodilator FEV,
Volume — liters 1.41+0.47 1.39+0.47 1.40+0.47
Percent of predicted value 50.6+13.0 50.6+13.3 50.6+13.1
Postbronchodilator ratio of FEV, to FVC 0.5:0.1 0.50.1 0.5+0.1
SGRQ total scoreft 43.4+17.8 48.4+17.0 48.4+17.4
E-RS—COPD total scoref 13.0+6.9 12.9+7.2 12.9+7.1

£

Plus—minus values are means +SD. Percentages may not total 100 because of rounding. COPD denotes chrenic ob-
structive pulmonary disease, FENO fractional exhaled nitric oxide, FEV, forced expiratory volume in 1 second, FVC
forced vital capacity, and ppb parts per billion.

Race and ethnic group were reported by the patient.

This analysis included 377 patients in the placebo group, 389 patients in the dupilumab group, and 766 patients over-

all.

The body-mass index is the weight in kilograms divided by the square of the height in meters.

Patients could have been included in both medication categories.

Patients were receiving triple therapy consisting of an inhaled glucocorticoid, a long-acting muscarinic antagonist

(LAMA), and a long-acting j3.-agonist (LABA) unless inhaled glucocorticoid was contraindicated, in which case thera-

py included only LAMA and LABA.

*#* This analysis included 442 patients in the placebo group, 433 patients in the dupilumab group, and 875 patients over-
all.

11 The St. George’s Respiratory Questionnaire (SGRQ) is a 50-item questionnaire designed to measure and quantify
health status in adult patients with chronic airflow limitation. Total scores range from 0 to 100, with lower scores in-
dicating a better quality of life; the minimum clinically important difference is 4 points.””

i% The Evaluating Respiratory Symptoms in COPD (E-RS-COPD) instrument is an 11-item derivative tool used to mea-

sure the effect of a treatment on the severity of respiratory symptoms in patients with stable COPD. Total scores

range from 0 to 40, with lower scores indicating less severe respiratory symptoms.

;e

N Engl J Med 2023;389:205-214



Moderate or Severe COPD Exacerbations and Change in Prebronchodilator FEV1 over Time.

A Cumulative Moderate or Severe COPD Exacerbations
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Bhatt SP et al. N Engl J Med2023;389:205-214
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End Points Corrected for Multiplicity (Intention-to-Treat Population).

Table 2. End Points Corrected for Multiplicity (Intention-to-Treat Population).*

Placebo Dupilumab
End Point (N=471) (N =468) P Value

Primary end point

Annualized rate of moderate or severe exacerbations of
COPD

Adjusted annualized rate of moderate or severe exacerba- 1.10 (0.93 to 1.30) 0.78 (0.64 to 0.93)
tions — events per yr (95% Cl)

Rate ratio vs. placebo (95% Cl) 0.70 (0.58 to 0.86)
Secondary and other end points
Change in prebronchodilator FEV, from baseline to wk 12

Least-squares mean change (95% Cl) — liters 0.077 (0.042 to 0.112) 0.160 (0.126 to 0.195)

Least-squares mean difference vs. placebo (95% Cl) — — 0.083 (0.042 to 0.125)
liters

Change in prebronchodilator FEV, from baseline to wk 52

Least-squares mean change (95% Cl) — liters 0.070 (0.033 to 0.107) 0.153 (0.116 to 0.189)

Least-squares mean difference vs. placebo (95% Cl) — — 0.083 (0.038 to 0.128)
liters

Change in prebronchodilator FEV, from baseline to wk 12
among patients with a baseline FENO =20 ppb

Least-squares mean change (95% Cl) — liters 0.108 (0.038 to0 0.177) 0.232 (0.164 to 0.299)

Least-squares mean difference vs. placebo (95% Cl) — - 0.124 (0.045 to 0.203)
liters

Change in prebronchodilator FEV, from baseline to wk 52
among patients with a baseline FENO =20 ppb

Least-squares mean change (95% CI) — liters 0.120 (0.047 to 0.192) 0.247 (0.176 to 0.318)

Least-squares mean difference vs. placebo (95% Cl) — - 0.127 (0.042 to 0.212)
liters

Change in SGRQ total score from baseline to wk 52
Least-squares mean change (95% Cl) -6.4 (-8.0 to -4.8) -9.7 (-11.3 to -8.1)
Least-squares mean difference vs. placebo (95% Cl) — -3.4 (-5.5t0-1.3)
SGRQ total score improvement =4 points at wk 52
Percentage of patients (95% Cl) 43.1 (38.6 to 47.7) 51.5 (46.9 to 56.1)
Odds ratio vs. placebo (95% Cl) — 1.4 (1.1to 1.9)
Change in E-RS—COPD total score from baseline to wk 52
Least-squares mean (95% Cl) -1.6 (-2.1to -1.1) -2.7 (-3.2t0-2.2)
Least-squares mean difference vs. placebo (95% Cl) — -1.1 (-1.8to -0.4)

Annualized rate of moderate or severe exacerbations of
COPD among patients with a baseline FENO =20 ppb

Adjusted annualized rate of moderate or severe exacerba- 1.12 (0.83 to 1.50) 0.70 (0.51 to 0.96)
tions — events per yr (95% Cl)

Rate ratio vs. placebo (95% Cl) 0.62 (0.45 t0 0.87)

* End points are listed in the order in which they were hierarchically tested.

Bhatt SP et al. N Engl J Med2023;389:205-214

The NEW ENGLAND
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Conclusions

* Among patients with COPD who had type 2 inflammation as indicated by
elevated blood eosinophil counts, those who received dupilumab had
fewer exacerbations, better lung function and quality of life, and less
severe respiratory symptoms than those who received placebo.

The NEW ENGLAND
JOURNAL o MEDICINE




Dupilumab- NOTUS Trial

® Confirmatory second phase 3 trial
® Dupilumab 300 mg or placebo every 2 weeks
® Primary end point: Rate of annualized exacerbations

® Secondary end points: changes from baseline prebronchodilatory FEV1 at 12 and 52 weeks,
and in SGRQ, in week 52

NEJM 390(24): 2274-2283



Demographic and Clinical Characteristics of the Patients at Baseline (Intention-to-Treat Population).

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline (Intention-to-Treat Populatio
Placebo Dupilumab Total
Characteristic (N=465) (N=470) (N=935)
Age —yr 64.9+8.5 65.2+8.1 65.0+8.3
Male sex — no. (%) 312 (67.1) 320 (68.1) 632 (67.6)
Race or ethnic group — no. (%) 1
White 416 (89.5) 422 (89.8) 838 (89.6)
Black 8 (1.7) ; 12 (1.3
Asian 3 (0.6) : 10 (1.1
8 (5.1)
1)
)
)

)
)

(
American Indian or Alaska Native 26 (5.6) . 48 (

Native Hawaiian or Pacific Islander 0

5:

(0.

Multiple 8(1.7) 2 20 (2.
6 (0.

1
Not reported 4 (0.9) 6
Hispanic or Latino ethnic group — no.

Hispanic or Latino 149 (32.0) 151 (32.1) 300 (32.1)

Non-Hispanic or non-Latino 308 (66.2) 315 (67.0) 623 (66.6)

Unknown 2 (0.4) 0 2(0.2)

Not reported 6 (1.3) 4 (0.9) 10(1.1)
Smoking status — no. (%)

Former smoker 331 (71.2) 328 (69.8) 659 (70.5)

Current smoker 134 (28.8) 142 (30.2) 276 (29.5)
Smoking history — pack-yr 42.1+30.2 38.6+23.7 40.3+27.2
Emphysema — no. ( 150 (32.3) 134 (28.5) 284 (30.4)
Body-mass index§ 27.8+5.6 28.1+5.3 27.9+5.4
Background medication — no. (%)

Inhaled triple therapy9 458 (98.5) 466 (99.1) 924 (98.8)

Inhaled high-dose glucocorticoid 134 (28.8) 127 (27.0) 261 (27.9)
Biomarkers of type 2 inflammation

Blood eosinophil count at randomization
— per ul

Mean 402+314 412+357 407+336

Median (interquartile range) 330 (220-470) 340 (230-460) 330 (220-460)
Category at randomization — no. (%

<300 cells/ul 188/465 (40.4) 184/469 (39.2) 372/934 (39.8)

=300 cells /ul 277/469 (59.6) 285/469 (60.8) 562/934 (60.1)
Postbronchodilator FENO — ppb

Mean 24.4+23 .4 24.8+28.3 24.6+26.0

Median (interquartile range) 16 (10-30) 16 (10-27) 16 (10-29)
FENO — no. /total no. (%)

<20 ppb 240/423 (56.7) 257/429 (59.9) 497/852 (58.3)

=20 ppb 183/423 (43.3) 172/429 (40.1) 355/852 (41.7)

No. of moderate or severe COPD exacer- 2.1+0.7 2.2+1.0 2.1+0.9
bations in previous yr

Lung function
Prebronchodilator FEV liters 1.38+0.50 1.35+0.49 1.36+0.50
Postbronchodilator FEV
Volume — liters 1.46+0.50 1.43+0.49 1.45+0.49
Percent of predicted value 50.7+12.6 49.5+12.6 50.1+12.6
Postbronchodilator FEV,:FVC 0.5£0.1 0.5+0.1 0.5+0.1
SGRQ total score 51.1+16.5 52.0+17.5 51.5%17.0
E-RS—-COPD total score** 13.3+7.2 13.4+6.7 13.3:7.0

Plus-minus values are means +SD. The intention-to-treat population included all patients who underwent random-
ization, with data analyzed according to group assignment. Percentages may not total 100 because of rounding.
Additional data on baseline characteristics and characteristics of patients who reached the 52-week assessments (721
patients) are provided in the Supplementary Appendix. COPD denotes chronic obstructive pulmonary disease, FENO
fractional exhaled nitric oxide, FEV, forced expiratory volume in 1 second, FVC forced vital capacity, and ppb parts per
billion.

Race and ethnic group were reported by the patient.

Emphysema was reported by the investigator.

The body-mass index is the weight in kilograms divided by the square of the height in meters.

Patients were receiving triple therapy consisting of an inhaled glucocorticoid, a long-acting muscarinic antagonist
(LAMA), and a long-acting B2-agonist (LABA) unless inhaled glucocorticoid was contraindicated, in which case th

py included only LAMA and LABA.

The St. George's Respiratory Questionnaire (SGRQ) is a 50-item questionnaire designed to measure and quantify
health status in adult patients with chronic airflow limitation. Total scores range from 0 to 100, with lower scores in-
dicating a better quality of life; the minimum clinically important difference is 4 points.

The Evaluating Respiratory Symptoms in COPD (E-RS-COPD) instrument is an 11-item derivative tool used to mea-
sure the effect of a treatment on the severity of respiratory symptoms in patients with stable COPD. Total scores
range from 0 to 40, with lower scores indicating less severe respiratory symptoms.
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Cumulative Moderate or Severe COPD Exacerbations and Time to the First Moderate or Severe
COPD Exacerbation Event during the 52-Week Trial Period.

A Moderate or Severe COPD Exacerbations
1.0
0.9
0.8
0.7
0.6

0.4 Dupilumab

0.3
0.2
0.1

Y
Base- 4 8 12 16 20 24 28 32 36 40 44 43 52

line Wiek

Cumulative Mean No. of Events

No. at Risk
Placebo 465 464 458 453 453 448 430 415 403 394 384 368 351 303
Dupilumab 469 464 464 464 460 455 438 424 408 395 385 370 354 344

B Time to First Moderate or Severe COPD Exacerbation
1.0
0.9
0.8
0.7
0.6

0.5
Placebo , . .an

Probability of Event

Dupilumab

12 16 20 24 28 32 36 40 44 48 52
Week

No. at Risk
Placebo 465 442 414 378 355 339 319 301 282 262 248 232 211 149
Dupﬂunmb 470 448 433 416 391 377 352 325 304 284 270 258 236 176
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Change in Prebronchodilator FEV1 over Time.
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line

No. of Patients
with Data

Dupi|umab 361 353 352 347 348
Placebo 359 344 351 343 342
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NOTUS Results

® |n patients with COPD and type 2 inflammation (elevated eosinophils), dupilumab was
associated with fewer exacerbations and better lung function than placebo

® Dupilumab approved by FDA on September 27, 2024 as add on therapy for COPD with
eosinophilic phenotype



Next Directions

® Studies of other agents (IL-5, drugs with other mechanisms)
® Studies of patients with varying eosinophil counts

® More investigation of low inflammation phenotypes



Thank You!



