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m New treatment of COPD beyond LAMA/LABA and ICS

|
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Current maintenance pharmacotherapies for chronic obstructive pulmonary disease (COPD) are mostly
confined to inhaled bronchodilators (long-acting muscarinic antagonist [LAMA] and/or long-acting beta-2
agonist [LABA]) and corticosteroids. For some patients who experience frequent exacerbation despite these
treatment, additional agent such as roflumilast, an orally administered phosphodiesterase (PDE) 4 inhibitor,
or long-term azithromycin, a macrolide antibiotic, could be used to reduce the risk of exacerbation.

There have been continued attempts to develop drugs beyond bronchodilators and corticosteroid.
However, many of those approaches have failed to reach the clinical practice. This article will firstly review
the established pharmacologic therapies: roflumilast and long-term azithromycin. Next, among various
novel agents that have been studied in recent years, inhaled dual PDE 3/4 inhibitor (ensifentrine) and the
biological agents targeting type 2 inflammations (mepolizumab, benralizumab, and itepekimab) will be
introduced.
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g #H4d HEAIHCOPD) A== At 20007 B2 WS o] FUAITE, 5 A= 2 S 7184
A2 & 2HEC|E X 7o =35t FHo|Qlth COPD A19kS fHste+= A7t A|&Eojgkont, A o
A7 =Eet oFe2 B, o]Fo e AN BE dS ot Aulet A9t tiFRelth. dA7HA],
I 71BA A} S AHREo|=E A|Q5kaL, GOLD (Global Initiative for Chronic Obstructive Lung
Disease) Report oA COPD |4 &3} o E& 07 %5 & oFA|+= 7+ phosphodiesterase (PDE) 4 &}
A, macrolide 33A| 7] A&, 18]3 mepolizumab I} benralizumab F&E &oltH, B ZHojA= 1
ARgo| H|3& & = PDE 4 inhibitor 2} azithromycin ©of] st 11&sta, YAAE 237 S8 & o
2 X9k F, &% PDE 3/4 inhibitor 2+ 28 93(Type 2 inflammation) 32 A& A A|(mepolizumab,
benralizumab, itepekimab) & 47§51} $Hc.
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2. A7 phosphodiesterase (PDE) 4 Z}SHA]|

Phosphodiesterase 4 + &2 95 A2} 7]1%= Al WQ] cyclic adenosine monophosphate (cAMP) &
Z83M= 23 982 3t} Roflumilast & 2 £-8351= PDE 4 AFAA| 24|, PDE 4 & 735l A9
02 AA5lo] FIFF avS ZH=rh. E 5ol FFHZF o7 23}, Cystic fibrosis transmembrane
conductance regulator (CFTR) 7|6 S|EAIA JY HAE S7H7|H FA FZE|Fo|t AP 7RAA]
20, 27] QA AtollA Roﬂurmlast COPD Aol 54 st WAES 19 tiv] 14.3% F-2JstA &
AANREY), E3] T 71BA G S0 = AR} ICS S g 521 SxlolA gt o AoH, & AE0
A, 5% A& HEl2 Z-8-A(long-acting beta2 agonist, LABA) & E-85}11 Q1= 31}, 147 33] o]Ake] 2F
o FA 9sldo| Q= A}, EF] UYL g Hr o] &= olglz o] 9= ko A] Roflumilast 2] COPD 243
ofs ot a bt 313 A o2 dEF . T, @Y SARE Z717F Roflumilast £IHE o & 5= Q= AR

& EAES=, S4UAStE QIgt ddgo] AT SRt EH SAREZE 1507]/ul o141 - Sk H]
5tof 34.5%, @Y SAREZE 30070/ul ©o4%1 A9 Hefol] viste] 42.7% U 34 AskE TAAIE 4= AT
Roflumilast B8 143 3 7192] Aut A7} S At ALY A A2 7 448 A7 T35 Roflumilast
o] ZI} SARE W2 & 5 Qloke AS SR g, i, A QAR EOIA Roflumilast AH-S ASH
A7le FH EAE ok B-802 Ry 02 HAE ASA, 04 48 2 Fol Qo I, o]gh £
G52 7 27]0f DAYsH Al7ko] A 5 Thadhs A3 BRloH ! A-ZFAR7T 23 kg/m? H]RiRl 4
& FAE O & oFF U 7hs/do] 3l 7to] o HE, Ao Hls| AlFo] W2 eyt SAkel B, sk
250 meg #8807 2|75 AJZF5}o] o]F 500 meg 0.7 Fols HIHE ARESE 4 I,

3. Macrolide gHd#| 27| 2|2

Macrolide A€ A= F2-E o= HYZH(immunomodulatory) Z-8-& 7[A 3L QlolA &5
T Wi7RY HEASE SR A O—Hﬁ—'i Ja7 5= SHAZIT. F 2,151 ¥ COPD &A= =g 3 o
e} 4ol A A8 Macrolide 334 A7) X 8= |2 thy] 28} ¥hS 74(0dds ratio [OR] 0.4; 95%
Confidence interval [CI] 0.24, 0.65) AlFH oW, YAFF 072 [oIst FAX}o](Minimal Clinically Important
Difference, MCID)°ll&= O] *|A] 351924 St George Respiratory Questionnaire (SGRQ) & =33t 4
o] Aw FFAAATH, Her Balo] E?} ﬁ——[LE % Azithromycin (M1 250 mg E+ F 33] 500 mg)¥}
Erythromycin (M1 23] 250 mge] AL E FoJgt 8317} Qllom, AR 19 F4g 6719) ol A=
o G QAT AkA X 25 gAY 1‘5 ol F44935HH0] = 1,142 9] COPD EALE tiAfo= st A4
Al$19] ARE B A oA, GOLD grade 11, 654 °&}, A SR} Azithromycin ©f tigh 2| & ¥Ego] £&
oz A Q. T A H T 7)) AFollA, 370Y o4 Azithromycin & £-8& g COPD 35S
FFH o2 2ASIS of thFE IA 2kekE(91.5%) o] AL, ICS & ARESHAL AN H(68%), TF%k 15 7N
4 Azithromycin & Z-&3t3itt. 71 7Hed], 7138A1EA450] B4t HolQle AN = 43), 718X &4 50| 54t
ER] &2 KN = 16) 9 v]slo] Azithromycin K& 127€7tX] 9] o5} ¥hao] 9-9Js1A 4(Adjusted OR
0.15; 95% CI 0.03, 0.87) &2 H O™ COPD assessment test (CAT) score 27 oA} ZAE= vlEE 89]5}
A E=JTHC. Macrolide 7] X &2] ¥-2-8-0 2= YA 4 S71, QTc 94, FY 4ot 94 Aozt =d],
foFdiv] 2= F7-2] Macrolide 9] F2F8 $IE % (OR 1.98) | vlo}od Azithromycin (OR 1.51) ©] & © Y42
Holu]¥, o]2jgt 2G5S B 13 o] 5-9/F BAAE, 2097t 1008 9] COPD FHAHE A& Al ofsh=
116 A T4, A8 9 4Aspy| B2-8-2 717 474 Z7F, AA A-E 84 (Quality-adjusted life year) & 17.9 @
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Z7tok= Ao & AlxtE| o], 2|79 o]50] S A A3lsh= Aoz A7 "t
4. &2 O|= PDE 3/4 ZICHA]|

PDE 47} & ASH =} oA aLo] 2h85te] a5 D AHH R H4 a9k Zh=1] Blsf|, PDE 3 = 71=
HEo]| Bxsto] 7|WA e 7S 2Ea1 QlojA, PDE 3 9 PDE 4 & SA]ofl AP AS(synergistic) &
I7} TH® P, Ensifentrine = &% ©]% PDE 3/4 ZZAZA, 94 2b Al Z3So] HREEQ I dA 34 A
o] 1Y Folt}. F 4058 2] COPD FAE tAFC2 3t o)A, Ensifentrine -5 852 9|2k} v]woto]
A& 45 A9 peak forced expiratory volume in 1s (FEV,)Z 52|t S7FA1#H 2 M, Ensifentrine 3 mg &
ZollAl FEV, 200 mL $7F BA1%, 587] 549 fgt HAe B2, o] A7 o &4 7184
A E AFEOHA] 2 SRt A o] FojF ot &9 X454 FEFA|(Long-acting muscarinic antagonist,
LAMA) £ AR&%91 3iRjof|A 2712 AR (add-on therapy) 24 Alg © & ALoME, A7 43 A9
peak FEV 0] oJ7135] f-2lgt 57K129 mL)E EATH. T3t SGRQ-C A% MCID <1 47 o4 74 =T,
SER|RE A 7HA] o] A AFNEe 2= COPD 9] FA| ARE Hilsh= gl ARkl lon, 34 d3hy #7715
A40] o, s Ak 9 AFGEO] thgt o]=0] A=A 7 A7 B ]Sttt

5.2

o2t

A= B W2 M

COPD 2] 10% ©llA 40% B=x= 23 959 E4= 7HA At 23 €5 o= AHdHY(innate
immunity) ¥ FHHI(adaptive immunity) 7} 25 #ofst=d|, THHGA Th2 AE7} EH|st=
interleukin(IL)-4, IL-5, IL-13 ©] 28 952 83 cytokine o], AHHAA E4FH AuA 2 2 di4A)
oA BH|EE [L-33 o] 5873} cytokine & LA Y}, o] gt 8 cytokine 9] F-E-S HHOZ dl=
BETHY AAF0] HA] & ofzt COPD oA = EidstA A= Q1o AA7HA] Ui | E7HA] Al 7F
5] A7fst A} gt

Benralizumab 2 & [L-5 receptor AR, & 828 2] COPD TAE A O2 3§t 27] A-LoflA A SRRl
Ae F4 ok 40 ROt a3kE HolA| eiokal, w7 so| At AFH o2 ROt /jAE BT, o] % o
THE 34 A1 GALATHEA (N = 1,120) € TERRANOVA (N = 1,545) 477k @9 T4 22070/ul o]4o]
o FAJoslg o] Q= COPD SAFES At 2 A% Q1oL Al $79] Benralizumab €310 mg, 30 mg,
100 mg) ZL5FolA A7t F4 st Ao tist f-oJst S3k= HolA] okt T AAAIF 23 H s
< Soto] ARS BAE o19lS wf, 4495 0] Qle N T4 2207H/ul ©1/4+e] COPD AfollA] 1) A 12
N7 33] o] §4d 943}, 2) FEV, < 40% pred, 3) 7| AEGA 98 = 15%, 4) 34| 8HS A 59U 73
2 Benralizumab 100 mg AF&A] B4 25} 74 337 2 AL ERIsHIHHS. tha 2 & Mepolizumab < &+
IL-5 FAIZ, 34 A0 METREX (N = 836) 2 METREO (N = 448) A7 S48l o] L ICS & AFe5
2l COPD Aol 4] Algg=|Ql=t], METREX 917-9] Eosinophilic 283 xRt Aet A7t 34 otst 28 E
S AAAFH tHRelative ratio [RR] 0.82; 95% CI 0.68, 0.98)”. 1 oA E E3], @Y TAML} 242 10
H|#|5to] Mepolizumab o] 317} F7Fote], @9 SA= Mepolizumab 9] A& ¥H8-& d&ok= 593 vt
|eutAR AJ7F Hp S, upe o2 Jtepekimab & & [L-33 YAZ, YA} 2a AlY 23} 2 TR
3 3437 9] COPD A& tiifo2 Aol A] Ttepekimab < |2F3} vl sto] AZF F4 o5t HPES 7o)
Al A Z)A] 56k o FEV 0] 2R S7FE 0™ (60 mL; 95% CI 10, 100), sk 1 =404 2kA &
Ao M BAH R FolsHA F4 st AR AU-2RR 0.58; 95% CI 0.39, 0.85)S EoJFITH.
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6. 22

AA7IA] COPD °oF& A= F7H &9 718A] A A molH, F4 437t e EAtolA &Y AH =]
T A 57 AEH &9 713 A 2 S AR | A =m0k EE6kal 93 APt HHEE = gl A],
PDE 4 AF4A|Q] Roflumilast 2} Macrolide &A3A|Q1 Azithromycin 1}7] AF5E LA 0 AREE 4= Q1o
o, Z17ko] A= R3p7E 2 A A4S0 EEA 2 ‘:} 71 9] of2{7HA] AlekEo] ESHA At AL 9o, o4
7HA] AR FAE B E COPD A== AM= 1T 4 U= okxﬂ% = Aol

ruzm

References

1. Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the diagnosis, management,
and prevention of chronic obstructive pulmonary disease: 2021 update. http://www.goldcopd.org
Date last accessed: August 30, 2021.

2. Rabe KF: Update on roflumilast, a phosphodiesterase 4 inhibitor for the treatment of chronic
obstructive pulmonary disease. Br ] Pharmacol 2011;163:53-67.

3. Rhee CK, Kim DK: Role of phosphodiesterase-4 inhibitors in chronic obstructive pulmonary disease.
Korean J Intern Med 2020:35:276-283.

4. Rennard SI, Calverley PM, Goehring UM, Bredenbrdker D, Martinez FJ: Reduction of exacerbations by
the PDE4 inhibitor roflumilast--the importance of defining different subsets of patients with COPD.
Respir Res 2011;12:18.

5. Bateman ED, Rabe KF, Calverley PM, Goehring UM, Brose M, Bredenbroker D, Fabbri LM: Roflumilast
with long-acting #2-agonists for COPD: influence of exacerbation history. Eur Respir J 2011;38:553-
560.

6. Martinez FJ, Rabe KF, Sethi S, Pizzichini E, McIvor A, Anzueto A, Alagappan VK, Siddiqui S, Rekeda L,
Miller CJ, et al: Effect of Roflumilast and Inhaled Corticosteroid/Long-Acting 82-Agonist on Chronic
Obstructive Pulmonary Disease Exacerbations (RE(2)SPOND). A Randomized Clinical Trial. Am J
Respir Crit Care Med 2016;194:559-567.

7. Rabe KF, Calverley PMA, Martinez FJ, Fabbri LM: Effect of roflumilast in patients with severe COPD
and a history of hospitalisation. Eur Respir J 2017;50.

8. Martinez FJ, Rabe KF, Calverley PMA, Fabbri LM, Sethi S, Pizzichini E, McIvor A, Anzueto A, Alagappan
VKT, Siddiqui S, et al: Determinants of Response to Roflumilast in Severe Chronic Obstructive
Pulmonary Disease. Pooled Analysis of Two Randomized Trials. Am J Respir Crit Care Med 2018;
198:1268-1278.

9. Rabe KF, Watz H, Baraldo S, Pedersen F, Biondini D, Bagul N, Hanauer G, Gohring UM, Purkayastha
D, Roman J, et al: Anti-inflammatory effects of roflumilast in chronic obstructive pulmonary disease
(ROBERT): a 16-week, randomised, placebo-controlled trial. Lancet Respir Med 2018;6:827-836.

10. Michalski JM, Golden G, Ikari J, Rennard SI: PDE4: a novel target in the treatment of chronic
obstructive pulmonary disease. Clin Pharmacol Ther 2012:91:134-142.

11. Rabe KF, Bateman ED, O'Donnell D, Witte S, Bredenbroker D, Bethke TD: Roflumilast--an oral anti-
inflammatory treatment for chronic obstructive pulmonary disease: a randomised controlled trial.
Lancet 2005;366:563-571.

12. Kim KH, Kang HS, Kim JS, Yoon HK, Kim SK, Rhee CK: Risk factors for the discontinuation of

-9



T AHAHZIZKObstructive Lung Disease) Volume 10, Number 2, July, 2022

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

roflumilast in patients with chronic obstructive pulmonary disease. Int ] Chron Obstruct Pulmon Dis
2017;12:3449-3456.

Watz H, Bagul N, Rabe KF, Rennard S, Alagappan VK, Roman J, Facius A, Calverley PM: Use of a
4-week up-titration regimen of roflumilast in patients with severe COPD. Int ] Chron Obstruct Pulmon
Dis 2018;13:813-822.

Cui Y, Luo L, Li C, Chen P, Chen Y: Long-term macrolide treatment for the prevention of acute
exacerbations in COPD: a systematic review and meta-analysis. Int ] Chron Obstruct Pulmon Dis
2018;13:3813-38209.

Han MK, Tayob N, Murray S, Dransfield MT, Washko G, Scanlon PD, Criner GJ, Casaburi R, Connett
J, Lazarus SC, et al: Predictors of chronic obstructive pulmonary disease exacerbation reduction in
response to daily azithromycin therapy. Am J Respir Crit Care Med 2014;189:1503-1508.

Choi Y, Shin SH, Lee H, Cho HK, Im Y, Kang N, Choi HS, Park HY: Favorable Response to Long-
Term Azithromycin Therapy in Bronchiectasis Patients with Chronic Airflow Obstruction Compared to
Chronic Obstructive Pulmonary Disease Patients without Bronchiectasis. Int ] Chron Obstruct Pulmon
Dis 2021;16:855-863.

Ahmadian S, Sin DD, Lynd L, Harrison M, Sadatsafavi M: Benefit-harm analysis of azithromycin for
the prevention of acute exacerbations of chronic obstructive pulmonary disease. Thorax 2021[Online
ahead of printl.

Matera MG, Cazzola M, Page C: Prospects for COPD treatment. Curr Opin Pharmacol 2021;56:74-84.
Martin C, Burgel PR, Roche N: Inhaled Dual Phosphodiesterase 3/4 Inhibitors for the Treatment of
Patients with COPD: A Short Review. Int ] Chron Obstruct Pulmon Dis 2021;16:2363-2373.

Singh D, Martinez FJ, Watz H, Bengtsson T, Maurer BT: A dose-ranging study of the inhaled dual
phosphodiesterase 3 and 4 inhibitor ensifentrine in COPD. Respir Res 2020;21:47.

Watz H, Rickard K, Rheault T, Bengtsson T, Singh D: Symptom Improvement Following Treatment
with the Inhaled Dual Phosphodiesterase 3 and 4 Inhibitor Ensifentrine in Patients with Moderate to
Severe COPD - A Detailed Analysis. Int ] Chron Obstruct Pulmon Dis 2020;15:2199-2206.

Ferguson GT, Kerwin EM, Rheault T, Bengtsson T, Rickard K: A Dose-Ranging Study of the Novel
Inhaled Dual PDE 3 and 4 Inhibitor Ensifentrine in Patients with COPD Receiving Maintenance
Tiotropium Therapy. Int ] Chron Obstruct Pulmon Dis 2021;16:1137-1148.

Brightling C, Greening N: Airway inflammation in COPD: progress to precision medicine. Eur Respir J
2019;54.

Brightling CE, Bleecker ER, Panettieri RA, Jr., Bafadhel M, She D, Ward CK, Xu X, Birrell C, van der
Merwe R: Benralizumab for chronic obstructive pulmonary disease and sputum eosinophilia: a
randomised, double-blind, placebo-controlled, phase 2a study. Lancet Respir Med 2014:2:891-901.
Criner GJ, Celli BR, Brightling CE, Agusti A, Papi A, Singh D, Sin DD, Vogelmeier CF, Sciurba FC,
Bafadhel M, et al: Benralizumab for the Prevention of COPD Exacerbations. N Engl ] Med 2019;
381:1023-1034.

Criner GJ, Celli BR, Singh D, Agusti A, Papi A, Jison M, Makulova N, Shih VH, Brooks L, Barker P,
et al: Predicting response to benralizumab in chronic obstructive pulmonary disease: analyses of
GALATHEA and TERRANOVA studies. Lancet Respir Med 2020;8:158-170.

Pavord ID, Chanez P, Criner GJ, Kerstjens HAM, Korn S, Lugogo N, Martinot JB, Sagara H, Albers FC,
Bradford ES, et al: Mepolizumab for Eosinophilic Chronic Obstructive Pulmonary Disease. N Engl J
Med 2017;377:1613-1629.



Volume 10, Number 2, July, 2022

A4 H &2 Obstructive Lung Disease)
28. Pavord ID, Chapman KR, Bafadhel M, Sciurba FC, Bradford ES, Schweiker Harris S, Mayer B, Rubin
DB, Yancey SW, Paggiaro P: Mepolizumab for Eosinophil-Associated COPD: Analysis of METREX and

METREO. Int J Chron Obstruct Pulmon Dis 2021;16:1755-1770.
Rabe KF, Celli BR, Wechsler ME, Abdulai RM, Luo X, Boomsma MM, Staudinger H, Horowitz JE, Baras
A, Ferreira MA, et al: Safety and efficacy of itepekimab in patients with moderate-to-severe COPD:

29.
a genetic association study and randomised, double-blind, phase 2a trial. Lancet Respir Med 2021;

9:1288-1298.





