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Chronic pulmonary obstructive disease (COPD) has been defined as a disease state characterized
by airflow limitation that is not fully reversible. Traditionally, the airflow limitation is progressive and
associated with an abnormal inflammatory response of the lungs to noxious particles or gases. The
airflow limitation is also related to chronic inflammation of the airways and lungs. In terms of its
progressive nature, early diagnosis could be the proper way to cope with COPD. Recently GOLD 2023
document revised the definition of COPD as “COPD is a heterogeneous lung condition characterized
by chronic respiratory symptoms (dyspnea, cough, sputum production) due to abnormalities of the
airways (bronchitis, bronchiolitis) and alveoli (emphysema) that cause persistent, often progressive,
airflow obstruction.” To eliminate COPD, it is necessary to expand the definition of COPD, reflecting

heterogeneous causes and earlier pathologic changes.
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1. Introduction
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2. Previous Definitions of COPD

Chronic obstructive pulmonary disease (COPD):= H|7}F4ARI(A&AR]) 7| FAIgt e 2 A oJE]o] Y}, 7]
2407 COPDY Aol= 7IFAgtolzke A ARl E4 7|6te g 1, txZQl ¥l EARI ¥d718A]
B} #7182 AdHRI 7|EE = PP LR HFEH U 71FAS 8ok 39475 (cystic fibrosis), 7]
TR, H 4471 2#A A(bronchiolitis obliterans)2 A& 0 2% COPDO EEA] LAYt 715FAIH-
71%2} HAE o A5 &40l A Ao B, 11 59 dlo] RoA FUE HELR YA 7HAE o
AR, SRR 9% g9l 98t 7|9} HAF o] dFo| glo]= COPDE =& St 'o] I F, 59
/37o] SEA] o2 AHl7F COPDE A 9lofl 2= ty. COPDY A 2& 43 SSHAI7| 1 419 A& FAAT7
o A9 AP sty FHLEE 7AA7H AFFES £ole dlol’ 1 5371 9t} kA o]4A COPD2)
o= 79 4]l 7] FAIRe] B4 & Aol AP vk Kokl 9lof, o]d Jo2E= 27|19 COPDE
Akshe o] v oY} webx] COPDE 2710l A&t Agke] Aats JHAPIAY A9 APS B3
A BEFA 5t7] YsliA= COPDell tigt FolE 8% 287} itk
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3. Time for Revision of COPD Definition
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4. New Definition of COPD in GOLD 2023 Update

Celli 52 2022¢¥ AZL COPD2 A& “COPD is a heterogeneous lung condition characterized by
chronic respiratory symptoms (dyspnea, cough, expectoration) due to persistent abnormalities of the
airways (bronchitis, bronchiolitis), and/or alveoli (emphysema), that often results in progressive airflow
limitation”2 A5 24, GOLD 2023°14+= “COPD is a heterogeneous lung condition characterized
by chronic respiratory symptoms (dyspnea, cough, sputum production) due to abnormalities of the
airways (bronchitis, bronchiolitis) and/or alveoli (emphysema) that cause persistent, often progressive,
airflow obstruction” 0.2 79| f-AFSIAEE “persistent airflow obstruction”= T4 FZ3F B2 A&E ).
o]+ “non-fully reversible airflow limitation (FEV,/FVC < 0.7 post-bronchodilation)”°]gt= #Hg= Atk
713} W Zolshe ZoR & 4 Jlou, ojdx FoE vHA Y 9ok 2] AR A4S o] F7] f't
A olo} At Ao g HEG} ‘/F 97t thAl Pre-COPD, early COPD, young COPD, PRISm 5 COPD W
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5. Lancet Commission

20229 2r# ¥ Lancet Commission °A]& Bt} o|2 A 9] ¥4 WslE wAsty] 9] 7]&9) pOSt‘
bronchodialtor FEV, ¥ ozt o+ #7]5 AAPHC|Y CT 59 F449 Ho" HE COPDY Ad7|&o] Y&
S FAIIT. o]&= YA Celli 5ol F43 M2 COPDY A 2] " QA7 -2 ufj7do|x|qt Bt F22 9l Xﬂ
te = COPD9| A 9)/Ad7E2 2A st 2ol

6. Conclusion

Ao T3 olal7t woba45 Ao Fol ulH7] ukoltt. COPD A= Aol wet A4 w3 gl
g, 22o] COPDY] &2 o WA} %7] Heto] gt Wa AL vhdata k. GOLD 2023014 COPDE] 4]
7 & 171 SHEAT G127 WP kot AAIR Aze] BlX: GFL B ululstck. SR ol
A2 U B A 71200 oY £ SIE ALE UL & £ Slow, ol APae BesAES e A2
3] thow ik, B} b AEHE AL S NS COPDIY HO/27/AH7129] 40| o]F014 1 0]% 7]
0.2 thoFt 944571 A9Elo] COPDE 0] 2 Walo] A1 71ela) 1)
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Chronic obstructive pulmonary disease (COPD), presenting the typical respiratory symptoms such
as cough, sputum, and shortness of breath, is characterized by the airway and/or parenchymal
structural abnormalities. Smoking is the most representative risk factor associated with airway
and lung parenchymal destruction. Recently, various risk factors other than smoking have been
identified, and the new etiotypes have been proposed. Classifying patients into A-B-E groups based on
patients’ symptoms and previous exacerbation history and prescribing bronchodilators are the main
treatment strategy for stable COPD patients. For patients with high symptoms burden, prescribing
dual bronchodilator is recommended, and for patients with high eosinophil counts, triple inhaler
can be considered. However, evidence for treatment according to the new etiotype classification is

insufficient, and additional efforts are needed in the future.
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Agkoll wWekAY, GOPD 2023 7Hol=2}Rlo|Ai COPDY etiotype #7-& B2t B30l o) 87} Wk 4
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Proposed Taxonomy (Etiotypes) for COPD

Genetically determined COPD (COPD-G) COPD due to infections (COPD-I)
COPD due to abnormal lung development (COPD-G) COPD & asthma (COPD-A)
Environmental COPD COPD of unknown cause (COPD-U)

Cigarette smoking COPD (COPD-C)
Biomass and pollution exposure COPD (COPD-P)

o[l Aljte M= Eiw, A= A5 B8 Az @ 2 T2 v Rk A7 FAEHA
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Figure 1. stable COPD2tX2| 27| X|&'
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B What is Early COPD and Why is it Important?

COPD is a chronic respiratory disease with a high disease burden, and would be affected by the
genetic-environmental exposure-time interaction. In order to reduce the burden of disease including
prevalence, it is necessary to recognize changes in the early stages of the disease and to improve the
course of the disease before the disease develops at a specific period following exposure to risk factors
for a considerable period of time. The concept of early COPD has emerged for early intervention to
recover the disease progression, and this concept needs to be distinguished from mild COPD, and it
is necessary to predict early COPD at an appropriate time point. Several efforts have been made to
predict early COPD through pathological changes in the terminal and transitional bronchioles, but

effort on more convenient and simple biomarkers will be needed in the future.
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COPD+ §9191%], 1831 & 7] COPD7} 5Q3HA|of| thafiA 1&sf B A} ghet,
2. X7| coPD&?

Z7] COPD (early COPD)#t 7H'd& Aok ©l lojAl 7P AA a#sfjof & FE-2, “early’ 2} “mild" <] 7H
J& FEshe Aoltk. “Mild” COPDE 7|® H&9] $3EE BF7Ishe Mo R 7| #Ho] =7t A5t o2
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S 714 308 AAoleka st

4.2E

%2 morbidityS} mortalityo] E4rte] 2 o] L COPD 2ol thlA, Aol 28 Huto] Wse
2 4 912 COPDS| AW S0l AXEISL, 2 3 Shi7h 2] COPDE) AYolek, o714 “eaty” COPDE] 3ot
& A gYolt 1 AHE ol&g 4 gt ]

S 9] biomarkerSo©] &Zo| o]20j2|x] %42 Algo|u}, 2 o
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n Natural history of COPD

Chronic obstructive pulmonary disease (COPD) is a heterogeneous lung condition with persistent and
progressive airflow obstruction. COPD is characterized by chronic respiratory symptoms occurring due
to the abnormalities of airways, emphysema, and multiple comorbidities caused by chronic systemic
inflammation. Although tobacco smoking is the major environmental risk factor for COPD, other
factors including genetic predisposition, prematurity, respiratory infections, childhood asthma, and air
pollution account for a considerable proportion of COPD. The development of COPD is explained by
a failure to reach the predicted level of peak lung function in early adulthood as well as a rapid decline
of lung function after reaching the normal level, suggesting some COPD cases can start early in life
and young individuals are affected. Hence, therapeutic measures focusing on early COPD and different

phenotypes along with multidisciplinary approaches treating comorbidities are required.

Key words: Chronic obstructive pulmonary disease, phenotype, comorbidity
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1. M2

kA 44 543K chronic obstructive pulmonary disease, COPD)Z 7| #A] ¥%0 & H7]%50] A5}E 1 5
A7 o] mhy] 2 HetAdo] AAE Y H|7Fg #Ql 7| E H&E Kol Fglo|t}. Fo] COPD &9l 8 ¥UlolX]

T d7129, AQEEA g, A4, "ot &2 7371 487N, WA &3 ¢-1 antitrypsin 2H, H WA

715 AsE 2 2 71AoARE 29T WA At 27T E Fa%t Vo s AL, £7|=d
3 71, AAzieh], 2 ot 4l FQl Wer| o] Fok . £ FA4oAl: COPDY] Ul ¥ ¥zt
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2. el
+%2 COPD 29| 2 AR ol A, T E, A9 24, sEAE7], A=E4, A7),

ha}

2 A9 3712 F% COPD A 9] AR LHAY ®. HA COPDY] 30% 3=+ &4 9 th 99 s
of oJsto] WSt E3] /i EARTOA] B]EA COPDE 50| &2 Aoz HuErt?, FARfA COPD &
A2 50%Hgre 2, QR QIAtet 457k A4S A8t 1 F 947 COPDEAYS] 4 7)Ho] ", HT A7E2
glop7| H4473l, 7] 2871 24, 71% I/, 2 HA] HEYE J17] #7715 AL COPD U9 a3
24 A7} =v, COPD HA¥o] Sy Kt o] 2 A7]of Alztgcty BagheH ", oof whet 2022 H3EH lancet
R3AE COPDE #4134 COPD(el antitrypsin 2%, TERT EAWo]), W74 8 &3 COPD(RAL, 40}7]
A4), 7 COPD(A&oH] &4, 29, do]=), A COPD(EHor| A%, ZHE&H, Ay, utajshy) 2 g
4xZE COPDAUWE7ILE, t7led, sk, ANz B7sk 4AF A7 A7l 9o] A2 FHS
AAStATH.

3. Hol

=
= =TT

HI

COPDY] thofet 7| A5 FolA 2714 2Hsmall airway disease), H7|F, 7|=8Y F-21], D HIHY|
S3ol7E Fag gerjdoz GHA “,

COPDOIA &7 2mmu|ite] &7]k= 7| wsfe] =8 F-fjo]il, 7]k Agh2 Fof 2k COPDY| 27] ¥
ol "o}’ A7|% &3 242 w7|FRT UA SAHT 27| =X F2 Po|d 7|FAgto] EQlE
w oju] A3t 47|k £Ao] 2 Aoz By,

¥H7]E2 29| w3 &2 FUA|7]#A](terminal bronchiole) OFf #9] H327} == Aol 2454
5| 7]%(centrilobular emphysema), HAFBA 715 (panlobular emphysema), & FZA9A 7] Z(paraseptal
emphysema) 2.2 EFHT}, HAFAH 7|52 t7l 404 olstolA PAFAZA0] AlZHEH Aokl H7]Fo] &
@53, el anti-trypsin®] 547 20| FHRIoly o2 [ AR oY AA(methylphenidate) F2-&-0f 23t
Hro] R e o 145, A QFAE 71 ET R 71 F-2 0] 9Jsto] TRttt A7 1)
7)%s AsHE EolE COPDY 7MY &3t #d P 02 SFA|7|FA|(respiratory bronchiole)7} $-412 02 =]
H GARI Tx 7| 9 H2o ST 21 FE AFo Tdot 7| EH 47 SREEA] g BT A
o, H571%59] ¥ @ gigt 7]1& 7ML A7]E o] H7]59) dho] £ JTE Frp= AoE AY|E
o] HE|d W3l 771 Yo AdYsto] vehta A7 % Ak Hx7t 57159 St AR TA T Qrk=
G 9 HEd 248 ZAR I SR A7 % AgEGE HEF0 AVt 17159 F5 9 AT
£ HQthes 2 A A o7 ARA Ao 2AsH BT A| 2o Al EAAAKapoptosis)Zt #7152
ZF dQlojghe T2 7HE T AAJE S,

712 FHEE = 9 71 713 S fdeha 73R Fe] EAARI S/l A9, BE COPDSHA
A AN IR YEfgR]E gt ., 7 D 3
o] 91, A FAl'sE7F COPD 5% L FAotstel sl Aoz BygcPh 2,

COPDOA #HleW 1EUL A4taFol ot HleW 45, AAAS, € Y730t shte HI
o] 3z Wslo] 9ste] FAEHI, T35 HE5W 1EG2 FAHARAS doF £ 9}, COPDOA #HE
A

=
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o] Z7hae

4. 4715 st

I-)

Ed) 93t #7715 1'5}'— X 13t Fletcherd+5 27 & 5to] COPDEAE AAR1T 2ol H7]s0] ZA
< 491 A2]4 FEV,(forced expiratory volume in 1 second) ASHSF 25 ml/year)Et}t W2 &
L2 7|5 A5zt ¥Agste] COPD7F HAYsiehal AZstl o, 2ol thafst #1715 Ast &) AlAIE
= SR ?—l—‘uﬂ— TAEL H7]5 Ast S ZAolARE AR Y] A, ti719, 787 2871 A, R AAT &
AL 59 hRloz H7]50] 20t HAF Aol =R Sato] COPD7L EHAYeh= Ao By FTH >, uja}A
H71%5 At = Z719 A4 wHErg Fo= COPD ¥Aj9] a3t ¥elr|doz HEHrh, 48 COPDIAE
< 34% H7]5 Ast 2745 Holn, T, 34, 4843}, #H71%, FEV,/FVC Ast, A4 A, 4 7127194
1 §4% 1975 Astet Aol Hob7 . FALHRo|E X587} H7]5 H5HE oS ¢ ke 43 21Ut 93X
7k o}2] t=7to] 931 717 #go] YA s,

[©]

L
B
L
H T

o]-xl =

d

COPDEAE2 &4, 3}, AAE5Ast, U 3 AAES 59 810 = 5|d4 A4 AFA, |, &=
3, TS, W9, Gk, 24T, 9 ARSI E 5 o SEHEIES A Pt COPDOlA 7134 &
T2 I AAESE sk o BHHEES SIS AU AStAlT Y o $o] G H|HITP! P, COPDEHAL|
Al bi7] Ikdo] HE2E FAEY 7| FARICE HjEo] ojY 1l IFE HEAo] A&, ] HAIHEFoIL
/930 9Jsto] 22 W DNALE/GO| HAEAY 544 a3l 9Jsto] N ZRB7T A7) H o HAgo] =
EcPt . £ COPDL] a4 Hall H7|53 7| =R S SP2 oz FHPdago] 7)ojg ¥,

COPDOl ¥sh= o7 SHHESHE0] AFES S7H41711L §5] Aldahdet 9 52 COPDARG 9] F4R19]

P33 Calverleys0] Al34et ti 2 o713 Aol A COPDEARE Q] AP 9oz $357] ¥UQlo] 35%, 4]
A Yelo] 26%, o] 21%E AT thetol Al 32,5352 COPD $A=2 W o2 Alggh A4 =
A8 A3 D, o L AR A% 5 587 A 9] AFT Y]lo] 65%F AASHAE . COPDEA A 7]
S At Yol H71E, 7| =R, D ARA 0] BRIEH AP fd k= S7koka, AAAEAZA U RIE 5 9
gty g4 AAFFHE U 7] 2F 5% COPDEAL AP} dfEE Ao Rydch” ©, HZ A7 9
ShH of7] & sk PM2.5 XIT7} 10pg/m’ 37151 YLEC] 3.1%3 715k AFgEC] 2.5%F 7 Aoz |
TEG, B2 COPDEAIEL COPD7} obd th2 FHPAgE ] 9Jdto] Algsly] W&ol COPDEHAI A FHHd

2h2 A=A ¥ = ofof 5kal COPD AFgES A4A1717] flsiAl= ozl o] e s)tt.

6. 22

COPDE: £9 gl 4, A4, th7]. 9, #4971 43730, L A48 29 5 thefd AAS oJsto] 24
8k, 2712, H71%, ForcrEe] 9 Eegolst 34 Welsldo] Uk, BUPISHES COPDY 8 AR
9lo] 53, COPDE &aHd X =5 skl T el ieelo] Wasitt.
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E The Microbiome in COPD
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Chronic obstructive pulmonary disease (COPD) is one of the major progressive inflammatory lung
diseases with notable individual heterogeneity and worldwide morbidity. There is convincing evidence
that describe the contribution of the microbiome to COPD. Both respiratory microbiome and gut
microbiome considered to have role in COPD progression and development. Previous studies were
largely cross-sectional, describing the composition of microbiome. Recently, longitudinal studies
which illuminate underlying the mechanism about how the microbiome interact host are published.
This review provides an overview of previous literature on microbiome in COPD and a discussion of

the future perspectives.
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1. M2

kA H 284 48K Chronic obstructive pulmonary disease, COPD)2 A MAZ S & =2 FHEN AIYE
Hol= 38 Agho|th.(1) ¥ o & 20-25%2] SR I4 COPD7}F A o= A2 g4 9lon, 557]
83 A&AR] HA Y 717geleh e 38H 54901 AUARE o]F A1 EA(heterogeneity)s B A4 FF 4
T st vehdth(2) E9] 34 d3ke £33 59 DA Aol 91, omH] At Avd
Y o3t ¥ A Algske 2|22 oA 0] AlgtEo] qink. P8 AE9] COPD &9 A&+ &% 718A &%
A7t Tk 0|5 T4 E H7ls 24, 43 ool S FAIRE A7 SR A = ol=Rt A =Tt A3t §IA
U gk AA| 9] AP 9hA] Febr) ot A4 BIHE olslishal, M2 X mRHE 25| fisiAE COPDY
HejAd ol gz Ax 9l olsi7F 2 e’ Aot

&% &4 7]%(high-throughput sequencing)o] &gl wa} 7]&0] vigo] ol e vYEE £4 7}

¥ o

£ o

SAADA olF] WA AS o)A nto|Azrtol @ SFoko] BT AuAgo] T A7 Burs] A
T 9ehG) W T MAIHCOPDIAE Be A7t Aaslo] Aol aat $2t Ap7Hle] o A4 of

o
She H E&S 1L Ao 53] 54 upojazuto]Fo] 22 ofshy i Hole AHALI WA AR

WA} Qlgol TeIA A, AW AR ATE FRS W ek B 714 olsist] Aeh hAAEA

e
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(metabolomics)S E3Hst th£ Q@ W A(multiomics) IF-50°] AEL B4 7[HES FEdko] AgPE 1 k(b)) &
FHNAE 712 BIEE B9 €% COPDOA 28714 uto]a 2ol &3} 7 ulo] 3 2H}o]&-0] A3 A7
sl AL gttt o] & v o2 AP T Q= X 75F FE AeEE Aoy, o 2o] A+ veF U AAH F-85)
ool =2Jstar A} gt

2. 57|74 ojo|3 2HIO|2

SF71A vtolAzHo] &2 olshshe Hl ol E 7HA A Fsfof & FEE0] Aot A71E 9 S| & f1F]
utet 5ol 1 YX|(niche)”t B4 7] W&ol o= F-HolA ofmgt Wi oz MES AUAE SUsfoF et
19k8 0 2 517 %= 471 %0 Hlsf| n]dE U (density)7} 7] TZol low-biomass sampleZ tHE T 59
=3t AEY T JAE G2 du gt B3 R 7, A gl wEtA® RIZsHA Hekd 4 9] o
ol A3 BAE 7] AshA = HEH A AEFol Bl

2719 A|9jd ufo] 3 2Holg AFEL T&H A(Cross-sectional studies)E= 7174213} vl atAY Hg 4
g COPDS} #4935k SHIRt 495 H|iL '5}01 #Ao] o] ol o] = AP A+ % 7|&] COPD LI E
£ 28 5 HL A7 A4S0 HEHI Y

I:t:l m°

1) Stable COPD

¥ 9 g0 EHo] 97] "ol &5714 nho]lAZnto] 32 AEstE o2 53 (dynamic) FH= A
7|E2REHO 1 22 vPES] FY, " vl gt AA, =4 u|PE FAl B W=rh(5) 773
A= Firmicutes @ Bacteroidetes ¥(phylum)°] A5 Proteobacteria, Actinobacteria’} 71 th2= o|&
t}. &(genera) &A= Prevotella, Veillonella, Streptococcus’} &51HA HEEH(6) AZRINA = uAE
9] FY4T §=o] #FZ olF L 9= vHd BARI AHo|A= 24 o3t F9 ulA 752 ¥3} (o], HHte]
pH B3}, 44w, 2%, N 9 YR 37, 54 I35 )l w2} vto] 2 28to]&-0] #iskr} e Hr. o]
gt HeE2 49| 355, ok £8P E WAIF(endotype) H= ATGZE HAT(7)

COPD 8kxte} 77319 v A& thafA(diversity) @ A3 F-H5-E(relative abundance)= 5351 ‘ﬂrEE’r @,
9) 9+ “F=l COPDeOllA A74<1ol Bls 2t o] A 2Hlo] -2 W duh-th AT &2 +F Fload)Z B, 7]
T Ha7 eSS g8 Bachs AES T80 E BYth(9-11) A 4t ol BAL 7411]°ﬂ’\11:-— °'*]f
5 ko] FEYL.(10, 11) ThFA 9 At AutE © & Proteobacteria®ll 43= Pseudomonas spp. =
Haemophilus spp.7} 541510 Z4 A9 4] 716k A2 AZEh.(12) 843 E St A Ag
9] # F9] 7= 7= EFof #olsle= A E2] myeloperoxidase, IL-8, leukotriene B4, leukocyte elastase
I Fou et AABAE BofFU.(13)

2) Acute exacerbation

COPDOJ|A] tto]Z2H}o]2-9] 5& Q] MSHdynamic change)E F35H BoFE= 3= 34 It &
A dojtt. 383 oE E4 follxte] A4 SRE7F S716HH ndE Aol dake = EO]‘:}
Haemophilus T+ Moraxella spp.©ll 333 #5°] tEZQ FQ LelFo g FA IstAo) 76t E%
Hio| QutA ST} APFS Q1T 4 Utk Huang 52 F4 i<} vl sto] g/ 218} ] Proteobacteriacll é?‘
sh= Ho] 2718k AL 31T, AHE0]E AL Proteobacteria ZH = (abundance) 2719} A 314

@



mj2fdE2HObstructive Lung Disease) Volume 11, Number 01, July 2023

A AL ZHT 7149 AAECH(14) 4 43Sk o) Moraxella catarrhalis # 99 Wsl= 212-9] TNF-a
9} IL-b A5 A= ITh(15) 8789 COPD $AH9] A2 o A, I3t AH, A= £ 25, 3|E7]0 £4
& AFoIME Ao 582 2= Moraxella, Haemophilus 57 1 4= AATh.(16) o5t #F ol ut
g2t 15 BA4S AlSIst A3 Al Zrgo] &Qle sl (bacterial subgroup)e SAFEA 2Fsht(eosinophilic
subgroup)¥} B WL W A2 t}E u|RYESHE] FAJo] T=35HA B9 Firmicutesi2] 742} Proteobacteria®l
377 TEZA A TEE QI &, A3} Ent ofuet o3t @Yol wEhA k vlo]ZEH[o]go] FH o= A3

= Ho] k. oE Ao E Al 4 E AT G3tol|A n|BE 249 H3}s= Hiol g A0 7]QISHAY SAR}
71 AP oA WA Aste} o E e Hol FUTh(11)

A SRS 23R 93} AtoA] AgolA BEARE dF FH o wet S0l £ (cluster) 2 E &
72 & U= B3, Fof wet nfo]AEHio| & £/40] T AZ BAFUTH(17) BE 2o HA E=
COPD A7t E4 vH|E&2 ExE | At} Cluster 12 A3/ "IA(proinflammatory marker, e.g. IL-1
A7t E71et 0.2 SETA dF, Mg o] SHMEY Proteobacteria®l Proteobacteria/Firmicutes H]&
(P:P)o] 37Fk= EAS Bt Cluster 2= 43 A4 SAFE EXJO R dh= 2.2 type 2 mediator
(e.g. IL-5, IL-13)7} &7}5}H Bacteroidetes®] H|&0| &7}, P:F= A%t n|yESHE EAS B3t Cluster
3= vholHA 797 A#EY type 1 mediator (e.g. CXCL10)7} 71511, P:Fe A4Sk E4S Bt
Z|of E3;E 51079 COPD I3 E 51-7\}5 o2 3t HgFH oA E x| YA F(endotype)©ll Tk
o} 71&9] mpo]a ZHto| & RA40] thES HoFUrh(18) $AE2 A g/l w=t neutrophilic (=61%
neutrophils and (3% eosinophils), eosmoph1hc (eosinophils>3%, neutrophils{61%) & EFE A
neutrophilic COPD¥ Haemophilus7} $AIg ++7} Haemophilus7} obd o] A%t v—_L(non-Haernophﬂus
predominant subgroup)2.2 AE3FE 4= 91912 H, Haemophilus $AI8F 2 7$- o3l vhA 3} 235t A
A3t ufo] 3 ZH}o] 2 FAJFARS Kol At [L-1b, TNF-¢°| 452 EA 0 & B} ¥ neutrophilic non-
Haemophilus predominant 2] 3¢ @8 &3 Al 244 7FA Veilonella, Prevotella 5 B4 7744 4
Algto] IEE AL, 1L-17A F5T QA= A}, bt o] 2|3k o3 3o © & H3Kshift)E B4 F
A) oFs} o] Haemophilius predominant neutrophilic T+ Eosinophilc phenotypel 2 H3}sl= FAFS B
o]}, Eosinophilc COPD2] 39 tYpe 2 mediator’} A5 EHA 7|E n)Y&E] EX O 2= Campylobacter,
Granulicatella, Gemellaceae”’} =2 H|-&& & E ). vlo] QupA e} g7 ufo] 3 ZHfo] -2 3kA}o] o] A A<l
oIS} olsfistal, o] & 7|Nte® Z7]°ﬂ FBA E= AHRO|ES AHF 0 R At U AMGESE A5k A
S Eo%E F YS AR 7Y "ot

3) Mortality

ulo] Z 2H}o]Z-0] thfdE A5k Z o] COPD A&k F8sH 282 4= otk vAYE g9 a7t
AP F719 ATE S AASHE AtEe] HREIT 55 FAAYRIE JAg SR 19 F33 Aol A
9] Y& Aol =2 2 2 2o H|o| ot AEF HolFAth.(19) 5] AF] Veilonella®] £4:= 4
20 3349 9SS v, Veilonella #A)9} Staphylococcus £A)7F Zo] 4¥HE AL 14 APgo| 858 =
7ohe Ag BoFQitt AT Q] 2978 9] COPD 3AME 3713k 49 333 AFoM T n|dE thdido] ¥
2 FolAs A3 N1} AFgo] F7lokes A RIS 4= AU (20) 9H AdHlolA] Proteobacteria &1 %A1
e E BT 7€ QST AXSHA ARt 7= H&) A=, Y 43t B2 @5 A, B2 H75
AEE S 87t olY 2} Firmicutes $AI B #8 F3 2ol Hlsl AMG 91227t F-9u|sHAl =9kt 1
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(causality)°ll thet A-17F & D RsHIANE £ vto] A 2Hto] &3} v & thef4 4= COPDE WA FS ©ld]

S ST BT oIFE A HE AT 4 9 A0E Jgat

4) Emerging research area

At 2ol 3571 AejA A vio|#| At FFo|x 533 4TS SIEE o|F YR 3 AFEE FEZ
I 9o}, Ao A 8714 vho] g A AEL WIS Lojdtt. Paramyxoviruses (human RSV), picornavirus
(rhinoviruses A and C), orthomyxoviruses (influenza A, B, and C)&°] ¥4 3&7] AgloA &34 2
£ Hio|F A Eoltt. COPD Ao A] rhinovirus?] ZE-2 AE2] Proteobacteria %% 53] Haemophilus2)
37F= 2¥I5ta, 7] neutrophiliaE SWRITHQ) AAH] A7 FEAHS 285t 54 243t COPD $AH9
nasal swab< 243 23} 7|& £33} H|S5HA 26% SRR A Hiol 2| A7) ERIE] Qi (21) AA| HFo]E(virome)
= BAS A3 £ vho]f A9 EA= W2 WH| 2] 211 4|(bacteriophage) SF-EE Ho] §4 23} o vio] &9
30| ¥E 2| -E(bacteriome)° = FF= U 4= 2= AlABIH

A7 A 2] mfo]FHlo]Z(mycobiome) | EAot= FHFE=0] FE °|F™Ascomycota (e.g.
Aspergillus, Cladosporium, Eremothecium, and Vanderwaltozyma)@} Microsporidia (e.g. Systenostrema)
7t EHOoZ &HA 9t 3000FS A2 g COPD ZIE A7oA ARRIIE= 2 Aspergillus,
Cladosporium, Mycospharella, Cryptococcus, Wickerhamomyces § E7%2]Ql ulo]ZHlo]2-0] IE 3}
t}h.(22) s AollA A7E 3W o)4Fo] WISt otekE Aok it BASHA] Y= o2& o] HEHA 74
(Co-occurrence network analysis)= AAIRF A3} B3 315 HHok= 9 F¢ 53 vto]ZHto]E(e.g.
Wickerhamomyces, Aspergillus, Cryptococcus, Curvularia, Loddermyces 5)°] % x=E(node)Z 2185}
H ot As 28-S H Y} AA| COPD A4S iAo 2 3B (unsupervised hierarchical clustering)S
AY-S mf Cluster 1+ Saccharomyces?} AR 02 £ CAT A4S E Y, Cluster 2= Aspergillus,
Curvularia, Penicillium®] $AIgt £ 2.2 =2 APY, HIHsH o$E Bt s} of ulo] FHjo]2-9] thkA] Zha
© ¥ 29 AFgE ARE I sid A Htol ZHols ERF COPD A ol $9 #E S AYsh=t 58
b4 Qa= AlAFSEIT

AR 48 AESE $71 K (translational research)5% F%2-2 ¥3 Qlt}h. SIROMICS T3 EA 359
COPD 34 ¥ 5<18 9= 47491 13792 "o 2 nfo]ag2uto]lga}t BALS] thAA 24 Zo] Ald¥sto] o
2 A ARESS vwetgth(23) £ 3 dAMAIZE & B 29 A4S IAE Bo39l, H71s, 34, 93
SHE AFEE AL S0l £ 99t & 50| EE Prevotella 52 adenosine, 5 -methylthioadenosine,
sialic acid, tyrosine, glutathione ¥ &= © U2 H7]5, COPD A, ¥ CAT A<t A= it vlo]
A gHlo]go] HAMIES 5 COPDOl e g o AMHHoE JaFS v|A A0 R JZ=w, 1 7|43 A4
BFARI AGof e T A 20| 7= k-

o
8
nck

O
=

ek

3. ¥ Olo|3=Hlo|Z

(¢]

55717 wolazrtol g oo 4 mlolAzrle] 2] Gige] FRAE TEHT Yk A MBS 439 @
9 ot e B4sHT Fae RS BT A7se] dad T4 6o 488

%0 A71NE G 12 4 9go] AL Jrk() At o] PR BT EE PRAS 53 o575
A B WAESC] JakE Fo 1 HaHE thehich. o]t g nlE ) ] Alole] 45 8L -3 &

e 18

@
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(gut-lung axis)ol2t F-2t.(24, 25) 0|3 A28 A7 = A% e 92 Fie= A0 s YZH
34 &57] vpolglA FAollA A ugEo] 59 HY ¥h3o] #ojsh= Ao| & A2 & 4= t}.(20)

COPD S5 d & gt AtollA 7 wio] A 2Hlo] &3} -3 59 J%s FE3 & 4 3t} Sprooten &
< COPD §/d93t o] 9133 Bae7t 7ok A Bl A9 A9 7|6 Askzt oy 1 A4t
= 59 fI8i E4o] A4l &8 E0171 A3tol| BAY 7S AAISHITH(27) 2&71A uto] A ZHto]&of A
T HEE Y vBE EFF(Dysbiosis)o] & vlo]ZE2H[O|Z Ato A SRIE| et A7 dj2te] Hlsf <t
7 e COPD A9 AW vE tiAA 2442 F9vlsHA th2A TEEATH(28) S £ £4
St A3} Streptococcus £ 3jF5H= 73} Lachnospiraceae ¥Hfamily)oll &h= #5-2 COPD &4 A Ho]
T Bt ofyzt Ashe #1715t Aol ERIE T AR AR A1 = 439 A
4, Xenobiotic, oFH|i4t A3 AMAIE SIS 4= ASich 1717} COPD ALY 7S 4% oE A+
A A73Q1L Bacteroides”t $-AIgt 73 (enterotype)2] B]&°] B33, COPD oA+ Prevotella $-A|3t &
S3o] woton o ki XuFAKshort chain fatty acid, SCFA) 355 ¥ ojFth(29) Su|SA T i 4
oflA AFE EHS F o o]AFE 1 FHo] dF ¥HEo] F7tcks A ERIE 4 AL, FA =E3AFHS
o stage III/IV &S] £8Z o|ARF T1F0] #H7]5 Ast, #7143 &4, 7129 fnds, FARH7F 147319
¥ o]ARt 17 ) s oA HEE U AMA] A2 F-H F vlolA 9 =2 A-go] COPD HH
Al A Fa8 9T T 7S AAISHH, 1 7]1H 22 NLRP3 inflammasome response, tAHIE 5
epigenetic modification (e.g. histone deacetylase &4 ¥3}, microRNAs, DNA methylation &)°] AA|%]
I Arh(30, 31)

4. X|2X Hg Jtsd

uto] 3 ZHfo|Zo] gt o|siE B e ®E COPDO thet A5 HE AAIEIL Q). 7|&0] AFHOE AR
s YA AHEO|EE of] A-Eo)4 to] A ZHo] g0 G u|A] = Ao FRIEIT(11, 14) F7I7t
9] azithromycin 589 3783l WY 24 33E JRFL2 njo|3 ZH[o]E-9] H3le} o|e} ATE|= A &
Ao E71Q1 ¥gto] 7]Ql5k= Ao 2 55 .(32)

Al (Diet) Ul u|A3E0] FA3 thdet AAIE 3 $59] H Y vh3o) A7HH 08 F85HA 4TS 1
A % uto]A2Hlo] -2 RAY 4= Ql= 8 QRlo|r}. Aldo| uto]a 2Hlo|Z3t 11 AR F/dol 83t o
& ks A2 AlAgotolA fob7| = Zdgske tidAe] S Attt 23S Bof RE 4 AUTh(33) Ao A
2897 A uES 543 A7 27]|9+= Enterobacteriales 7F Mg & 822 w4 A9 5 succinate
7} Z37}=l0] Ql1, acetate’} ¥ FAS R Att o]% A u|AEL Bifidobacteriales A Fqdo=z ¥
slslo] lactate, acetate S7FAZAS Ho|tirl 28 8 S0 Wt Clostridiales A-432 Holw Uulz o
2 A9 WA Fa5HA == o] AWARI butyrate, propionate, acetate”} S7FokRs S HolF
itk COPDONA E5] 2478 Al (High fiber diet)o] 51t Qlrt. oju] of2] Het AfolA 1A Ald
2 COPD Aol 33821 &37} 0] AAEAI(34, 35), AN o2 g oA F2 Ao HF A
He M2 7157 Al A8=EU.(36) 2AR4E AldE A v]dEo] o] & & = dEH]] ZejHioj g
A(Prebiotics) 2 723t B3k= H|BE EWFE S 2401, T4 A4toly o2 HAAIE 2ok EAEH]O]
LEA(Postbiotics)E &9l 59 WS 2AFCEH et Ao E AZHTH(25, 37) 11 5 T4l AHAR
innate lymphoid cell, helper T cell, cytotoxic T cell, B cell o]l t}sHA 2&st0] WY A Fa514 28

—®
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ool & 4HA QUrh.(38) o|HE A= HIFOE 3 55 AY oA 1 AR Ao 384 At B
1= HE o83t H7|F BEoA AR A2 FA0 Q3 H7|E ke fovlsHA ASHA17| 1, HE
Z4 mjAAEL] TFAE RoyFAh(39, 40) o2 AY RdoA& T FHlo] @ Bl A(probiotics)?l Lactobacillus
rhamnosus®} Bifidobacterium breve & ¥%35H= o] ZA0] 93t 7| IZ3} o &AL A2 4 982
HojRoIrh.(4]1) g3t A+ ¥ 55 AARYEY F8AQ 25 v o g AR QFAI-NA Ad, ZEuHio]
A, IAEHO| QYA COPDY o ®+= X & &30 Hjgt F750] B ]sitt.

5. 7|chet SAIRS

upo]Z 2 Hfolg Aot FHHE thE A A5 7429 COPD $AE0| Hol= /ARl §4E olsfist
Eo =228 & Aoz 7|Ugct 153 WA #EF (endophenotype) oJglsal, A& 7Fst EA(treatable
traits) O & g-§-5t0] SR ol Fet X 5o gt ¥Hg-5 o &ote o] €82 4= vk 87| 9 A nfo| A 2HolE
2 o2 PHES B 2ET A, AAR Y J% oA 37841 A+ 23S0l B E 1 Qick wEha] Af
22 YO 382 7Fsdo] TRttt TS o#g §4S & ¥t @S Q14lste] COPD S &
2A17]E el o 2w g8 4 gloget 7|}

SEAGE of 7R = 2 7HA] @AIE0] Ut RA, A B3 n|PES B AHeh it B a5t ojy
g B S BRE Sjof sk=AE g slof ofn, nto] A 2Hlo|g7] 2] 9] e A JJr &30 uto] A 2H}o]
& Ato]9] gz A-go] ol& 7Fsgt 9 Hioll 9lojof o, A1=d et =29 Hlo]E] 7} " e sttt fxpEo] 714
173 541 5UR SRR AIZE, B wEh thEA e 4= Q= o] F ARl A4S dol A8H FS
7HA] &82 4= Q= F31Ut sttt E4, “}015&‘3}0] &S 28T 5 9= 99 ALY & S0l olwT i
o] A BIAAA | tht vlw A7t sttt A& A, Adt, 20| A B o] A(FMT) 5 ot
¥ S S ol Wo] ehdsta, vlg 54 °17<l°ﬂ gk vl A+7F B85ttt v 2 83k A9
st7] YelA ERZ of= v]AESH 23N endpoin)ol Hiet =9k Fgsirt. T3 o] 3t A S I o
gk Al719] A8k o] ATt 1A et At H sttt A, uto]ZE2Hto]g3} thE A A= Hlo]E
7} B35, 112+ H|o|E(High dimensional data)?] £/d& 7HA]7] wizoll A& siAstal olsfist7] o= &
821 A4 dlolel &0l Hlgf olsfist7]7t ok @o] Qltt. olE 85 fl8f WAl &g 7|§te] gaeES
283 24 7 Y EY A BAE0] AolA S8 AT BAT A3t s Ao @2 A7k} v]-go] B a5t
7] wiiol 4419l A =m @A HEE]7] eire TP THEkslel 5 EARI S o] A3 8k e
it

6.2E

2571A & 7 upo] A2 Hto] 22 COPD9 e Aol ¢ofgitt. mpo]g 2 Hto| 2 £42COPD o] o]d 4
S o5l dFH IAEL EAH WA EIH(endophenotype) 2. & BE3}0] o5 godsh=t] &89 4+
o B33 7140 Ao A-go] tigt olsli7t ZojA W A7 7Hs et B0 EEEo AR NaHor &84E 7t
5/d0] F-&Estth. ot Qlat/go] B BEs| g Eolof st Xa oA S8E7] AdliAE A1 o A
& SESof it} 34 AFES 50 Hio| A 2Ho]%3 0|9} AvHE FA A-50] COPD X|&9 22 &

-
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n The gut-lung microbiome axis in chronic airway disease

The gut microbiota plays a crucial role in the development, training, and maintenance of the immune
system and in homeostasis. Alterations in the diversity and composition of the gut microbiome,
known as dysbiosis, can significantly affect immune responses and disrupt the integrity of the mucosal
barrier in the airways. As a result, gut dysbiosis can have a profound impact on the development and
progression of chronic airway diseases. Recent research suggests that this relationship between the
gut and lungs, coined the gut-lung axis, may be a key for the treatment of chronic airway disease
through targeted manipulation of the gut microbiota. Although our understanding of this connection
is still evolving, emerging evidence highlights the potential therapeutic benefits of modulating the gut
microbiota in the context of lung diseases. This review focuses on recently discovered interactions
between the gut microbiota and the lungs and their influence on asthma and chronic obstructive
pulmonary disease (COPD). We also hypothesize that the gut microbiome could be an important
therapeutic target for asthma and COPD.
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Table 1. Lung and gut microbiota in asthma and COPD using the microbiome sequencing methods

Endotypes Site Changes Microbiota™*
Asthma T2-high asthma Lung Increased Haemophilus
Moraxella
Klebsiella
Streptoccocus
Selenomonas
Decreased Streptococcus
Gemella,
Porphyromonas
T2-low asthma Lung Increased Tropheryma
whipplei
Fusobacterium
Porphyromonas
Decreased Lactobacillales
(order)

Gut Increased Prevotella
Streptococcus
Megasphaera
Clostridium
Romboutia
Decreased Clostridium
Lachnospiraceae
(family)
Oscillospiraceae
(family)
Bifidobacterium
Lactobacillus
Akkermansia
Roseburia
Morganella
COPD Lung Increased Haemophilus
Moraxella
Pseudomonas
Gemella
Campylobacter
Granulicatella
Decreased Streptococcus
Veillonella

Gut Increased Streptococcus
Faecalicatena,
Oscillibacter,
Lawsonibacter,
Flavonifractor
Streptomyces
Decreased Lachnospira
Eubacterium
Coprococcus
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* The microbiota data were presented based on genus-level classification, and there may have been
conflicting results between studies based on confounding factors, such as ethnicity, sample site,
medication, and exacerbation status.
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BCO*: Severe Phenotype or Simple Comorbidity?

*BCO(Bronchiectasis COPD Overlap)

The development of bronchiectasis in patients with chronic obstructive pulmonary disease
(COPD) and conversely, COPD in patients with bronchiectasis are recognized as significant clinical
phenomenon. While COPD and bronchiectasis are distinct conditions, they can coexist and interact,
leading to an increased burden of symptoms and potentially worse outcomes for affected individuals.
The development of both disease in patients is thought to be multifactorial and can result from various
mechanisms, including frequent respiratory infections, chronic airway inflammation, and impaired
mucociliary clearance. However, diagnosing bronchiectasis~-COPD overlap can be challenging because
they share similar symptoms and characteristics of both conditions. Therefore, a comprehensive
evaluation and assessment are necessary, but there are lack of specific definitions and biomarkers to
link COPD and bronchiectasis. A consensus for criteria defining radiological and clinical bronchiectasis
in COPD patients is needed.

Key words: chronic obstructive pulmonary disease, bronchiectasis, overlap, comorbidity
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(0.001).09, 12) =W COPDe} 7|#A&FF S5 A oA 7| HASYF &= SRR FEV,, FVC%, 181l
FEV,/FVC%7} 5% 2A BaEgict.(13)

5. 0] 4= <H=Ql H|

71#A &5 0] FHHE COPD A= FHHEA] 92 COPD SAHch JA2] HYA ujAdE vy 2=H|7}
7.338l, £3] P. aeruginosa® ¥iF @ ZH]|:= 3 5uj71A] B E it (4) E ThE AFo|A= v A9l uto] Tt
glo} HjF = COPD &At tiH] 7| #A| &S5 1 COPD 2HAtof|A] 2,444 S7161 1L, u|A&E vt e+
NBARESY FEE 57 45, FRH R ST (10)
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F| ol vto|AEHto]gof tigh IH4lo] oA, 7| =A%)
&7| vfo]AZutogof thgk A APt A &ZH 08 HIE glo
ThFRt A-Eo] A E ]l

COPDOA = #4E Lut-tpdd, S350l S7Fsk= Staphylococcus 18] 3 A= Veillonella, COPD QF
87190 AR Haemophilus7t COPD9] APgat #0] Qli= mfo]azHlol2 9910 % A=A SItt. Haemophilus,
Moraxella, 18] 11 Pseudomonas= COPD HA4J}tske} Azto] qlth.(14)

71 BAGAFoNA AFTTE TRt nfo] 280l & o] AW ot B A R AT, Pseudomonas2t
Aspergillus7} S-AIRE ¢ S92 S7FHA AL, Pseudomonas= 7F%} 713 5739 S71ete o] HIlE|Q]
t}.(14)

I, of 7R 71HA &GS COPDY S5 SAHEA 9 wo|A&Hlo]g §40 tigr A4+ 75
4], o) 0|59 EA4S AgY nfo]aZ2ulo| 3} TR HR (proteome) ¥4 22 WAF (endotype)S
3 B 14} sk A7 ASich 1 Astol] r2H, COPDS COPD-7|#AE43 7He] 4% £5771 7Hsal B3
g, COPD &4 Xt} COPD-7|#A2H)E Ao A proteobacteria® AAHZA) (relative abundance)”} =S
1, mucin-5AC%} S/ BIH oA sk dEZ 2] Wdo] F7tElo] QIQith 1o ¥, COPD $4h=
mucin-5B%} Y5 HejttobA] AAA| ] Wdo] &9k, uto]A2Hlo|Z-o] the/do] ¥ Fth. 12y, COPD-7]#
223 A9} 7| TR &S A= COPD 34 Bt F-5-5 = F2o] wetrh.(15)

749l COPDY} 7| #A245 Bx59] &

4
o, @A 71 8ASAZ R COPDOIA H

ok

aﬁ

fir

Z2E

COPD-718A S 55 A% JAL & o FASSHL HoJs}7] 913 2R} ok go] BE3 Aefolet.
529 AolA COPDEL 7| @Al Aol = BAEL 4249 &= JIAEHT, AMYEo| £, 4
] £2 FSEE HoFA At B H3 gl vt A7 250l E BT} 7|20l U} HA] oot A
T A3 599 ofFgol k. FEAL tigt F o Bt IS fAsiA= COPD 2AollA gshH ez 1
23 AFH o 71 EA 2GS SHt 7120l et et Fasit. ol FAtelA 71| 25 AAl 78

B2 AlY AF9] H9s 4oty COPDe 71#AEES o] SHE COPD A== & Hd5] 918 vt
COPD ZZEE AHE Fa7} At
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n Biomarkers in Asthma: Integrated utilization with treatable traits

HECHSte ofutcst S E7|-= 7| Liakst wi

Asthma is a diagnosis that comprehensively refers to various disease conditions with heterogeneous
pathogenic mechanisms, but there is still a lack of solid confirmation of treatments focused on
heterogeneity. Stratification of asthmatic patients based on combined biomarkers and treatable
traits and linking them to individualized treatments can be a potentially useful approach to precision
medicine for better outcomes. Although current several guidelines consider the use of biomarkers
including serum eosinophil count and fractional exhaled nitric oxide, this incorporation of
partial precision medicine into a traditional step-ladder therapeutic approach still has remained
unsatisfactory. To apply more active and preemptive precision medicine to asthma management,
identifying each patient's biomarkers and treatable traits is an essential task. Recent advances in big
data management and -omics science, where knowledge of asthma has grown significantly, enable a
deeper understanding of the underlying molecular pathways guiding precision medicine through the

identification of biomarkers and treatable traits.

Key words: Biomarker; Treatable traits; Omics; Asthma
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o4 7198 A0 FA 9x, Trf Telx AAA DefotolH HI B TES WA Holz Aol

= 5Qo] g ASISIEY, E, BAOJHE ol s AL ZE ] oitSe] sl oot £ 48
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S HARL H o= AR FHEE §4S Hol7|k sk 784 o] 1 oot #el
o] BIA|Z o]sfjstAt ke Mg oR wolEoi| 1 k. &, AR A4l thaet
EAS BoFE o AFES TedtA Aelsto] Fog Q] Ao ojsjdcy.
} AT YA o9t 22 A9 Jid WsEE A Yot o]l $hAIRt, o] #gh
AA9] A} 2| 7o Qlo] A= F-GEA] et Aol @Aolnt. U4t @RI &85
AE2 4] FAE0] WE SRS FRE= §A40] EARIT= AHoll= 59sHARL, &
JO]E}% A& F3 ool HAY 35 18]l 71Aolgal & 4= = 4EY 2ES Hldl A
9= 5 YAHEO|E (inhaled corticosteroid, ICS)E A A5 7 Ao L3 &
precision medicine) | g0l tigt 7i'g 9] ¥sto] w2 o] 3 X5 H HILoE A
A= 3L 9}*‘6 et g2 |l X w53 F WAlo] 7HA AL 9= SHAIE S5SHAL ok BRE 71X 2L 9l o]h]
34 945}% %}% ZIRE o2 ¥ Agoj| A= o]u] EEstA HEE L 7| st 83} A = (personalized
S} (tailored therapy)® FY 2J5ta} I S o] ok A58 FILo2 31 77119
'5]'01 Z+ QoA B3k A 55 AL 02N 9 23S Q1A of= Zo] 1 Fxety
o ok OIEW} oA 71 AR o R FQadk Q47 SR A B @ A olgtal & 4 Q. o] A
'B‘H AAE et #8F (phenotype) @ WAE (endotype) 22 E75}0] o]8fstal A} k= ko] o]Fol4 gk
SE T H}Oli‘]}ﬂ (biomarker)9] W=} 1A 9] R/ tigt oJshd ¥4lo] S7tsisttt. olet o
£0] 29A (omics) 7I'HO] WEL o] Hio| ulA HE @ QA &8 B 7REIE 7HASa FE 9
O] AAH A gof g2 7|9k AlF5l FL U
2 SAoA = Ao A 9gke] A&, vio|entA W X7 7hse FE IE @ &8, HAA thE 2uA
71%9] ofet A+ & Aol tigt 710 5ol a4 araksl Bz} gt
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2. YL ofet FHof| A MAlojl Ciet x| = 7HsE YR Chgt SH X H(treatable traits

approach)?| &g

) = & 9E979] (Paul Ehrlich)9] WP 2] &2} o] & (magic bullet
theory)oll 9lof Z2E U shte] #Hel #8S k= AFF o] 5 o|FUth T 4= 9lr}. o] H3
HOl A 2 FA SAIRY 2D/ o] digt A9 /dE AAIE 5 4 AT 204]17] F5bof| Hole, 4
"‘474] A% G, o, THA 7]13-_ At} 722 vAGA AW (non-communicable disease, NCD)9] $-Al&= t}
AA3tE Fd 73 oA AgHte 2= 1 A gtk X 53
8:,’—— 355}‘— Eﬂ @71]7} RS AN A FoUt. AA9] 9 o3t FAE SESIA dAE X524 P
< N5t F2 AR gL, AA = SAE A (step-up)R 3HF (step-down) A& W41 Ao izt 9t
A9l & AL FAANT AL /\]—/}__lo]l:]- 131]4— o|& 3l 2|7 HAlo|% o] A3] sHA7 A st} o] X gHAlo
2L BUNESAYLE A8 4HS Hole 55 AT 22 SAE0] AR YFEI 9lon, 24X (cure) E= A4
A 4] (clinical remission)@F 22 0] h‘i 3o ks AL 035 HAT LHE A= A= AMo]7]
T ok, o]Het N 7F uEE 87 (unmet needs)s S5517] A%t =L A=F H2HtdS A= 7Fst
FAof gt Z82 A (treatable traits approach)o]2kal @at 4= QJAC.

_4

r>4'

Axolet AR BT tpg e Agstadt s 2719 =88 AE EBF0] BE B9 BRolH
uolth, EAFL AR JolE ol PAH ouS AL B 7F5T FARA 714 W) A duyn @
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Agle] dehts A 540z Fdry. 3, yiAfgoldt Sole EAETE 71 B Ag w80 9
3 715 2 et or FosE A 59 # (subtype)_i Age 4 . #8% 2L YAgoRg £
e AT 783 Y9 EFE A L olslshet B2 FU 28U o] F E2 A= Hiery
L 7idel7lol sk 7@ 7 SEEE 54501 A7) ofHEh 137101] W @A 8ol AoiA AA|
W2 0] M= wiepEQl ST 7HA]A] ghethe AMT S EE @A 2AH N FHstaH. ot uig
oA AEA AAEE 7ido] Btz 2= 73 B (treatable traits)o]2hal & 4= T, A& 7Hs3 FAolH
HSE volenAS B3 #EPT WAFCR Add (2A wAolHa Fs) & 5 UrP. of7]ofA HAld|
A A& 7hs e P2 T3] HolRt SEA] et Aol 231t o522 34 ¥ (pulmonary) 3, # 9

B L F5/AH AR (behaviors/risk factors) BF O|FA 3 7HA] FHOE Yol & 4= A
o, 5 Goole TSRS, 35157, 7% 1A, 22 344 S JF Sol 1ot E S 9l ) 9
A AR, ST, 725 AR AR S S SRS L YT S =R S 4 Uk BT H
AR 9 A= 7R BEL T, Y71 28, W2 IA £8 5ol 23E 4 Yot AAE B9l ol
T AR A7 7Hs e FAL A7} o2 FEAS FAl 7};5—-_1 T A3, A= 7]*%@ 130: /\1§ 3= “HE]"QOIZ]
%o, ofFfio] Al 275 WESHA 2 wf o

2L WA B0l 9lof %Vo”—‘ Olu]7} glofof gt} &, o] FHL é‘%‘rﬂ %"c}, A%, ‘Z?@r %94 Ri%"' il
WS 7HITh TR 2742 A 9 574 7FsAolth &, of7]oll: 71& Hio]| RutAR BR HYW S 23
g 34 A8 EAA} (trait identification markers)E sid &0 72| 1L glojof gtk A5 ojnjditt. o]d 3
A A 3R = w2 5ol 7HE A g 84S TAIE WY BAAER (rule-in), BHHR =2 3
e THE A ARAAE ol AQA7IE BFY (rule-out) RAARE &8 75 SHA Hotk vhAe A
2L A5 7Fs3 §H0E EF A= t‘}-—"éol U= FH 2AES gu|FTh AAR ol 2AE wHEo)
A8 7 34S A5k 5579 5 A4 BAE U eE AP 729 vk A4 A1 (randomized

controlled trial, RCT) oA a3 A& 7]-—0 Zo] 930 7 A8 E AlEet A$ HAQ 2E3} A7 B
&< o] Y=l o] B B et
oA AlE AT W, AR 7FsT Aot FHA 2L A4 4D oJzto] glo] AgHel T A
AE7E 8 4 9T, AR P U9 ¥ @ ATE WA TPl e WEE o)z 275 Has
ol o _/'\_

S Rt A e e e el = Bais= e

3.2 ¢

J_P.!

doiol|A XAl Hio| Ol 2| LA

Hol QutAL A el B 3, A A 4, 1T AR el B 2o B Augoz 5
A3 WK 4 9 AR FoArt, A AFVE, R A4 AR AL WA Fag e A
O §% U AXGT 9T, TFBT B 45 WS U WY whg o] EAI A obd AA) Az
2 g2 Q014 2ze] BAo] @ 4 9SS WGstn YA, AAH o PRt G54 vloleviAe] Bge
SEREREEL LR

22 3 oJsje] thg BAS Z71ol wet F ofste] A 98] B 84w} T 5 9 vol vl
g " ayo] W Fol Ui Be A1 olo] FH A= Apolth. 27] wlol QntA
2 AR BA B 5 ek oSS FyA 240] F5stn 299 A4 9 E 4 o]
A 4 9 A3k Sk, A4S DY ol 5F71A Ao glol A7) P4 At A RS
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B2A QE Y WA FEEG T A5 522 E 5 9
Hrh T UNIE YA 9FAE, S04, S, A TR SO Bt U @34 ol entAg olf 2 B4

=] =
21 o
AR AR AT G, 5, BABA) G, A7 2 v 3o AN AE 55 9 4

T
o
M o
N

3 87 o224
Sfsa, #AHE HsE 54 7hHs e A4 vl kA & 7HE o ok FH2olle AR 7Rt 329 AiE 94 Bt
olewtr WER S|4 THsSIAHA, 2719 Aot A K, vlT H FAI Z2 B 5 | 8 An E
gt ol eupof ZAH = Aol ou] Z A = HA 9 violentAd WY S2EYE(gE), €4 4 7
S A 5 9 B 57] 4k38F A4 (fractional exhaled nitric oxide, FeNO) 5ol R&9] o8 g&=7] A

=)

T} A AESZA AR (pro-inflammatory mediators) ¥ -3AAf, AA|E A 37+ Q% ¢ ulo]3 ZHlo]L
(microbiome) ¥ o] FA|A vio|upAR AEH 7FsAd= 7HA AL A7t 1 F21 FGoltt. E3h @A AR
HE AA o]9o= 57] 38 3% (exhaled breath condensate) @ AW o)A 9] thALA, & & 7|&A] 23 4
At 5ol AAoA] vlo]eutAE 5T £ 9l FAF AA ez 18 1 It oA, o] vio]ent
A7} AAIRAL] BRol 9lo] YAES E3E thfet | W] 714E v o R Sk FFE ARE 3Ty,
71E QY8 ARE 2N O 18P 2 NEA QA B2 AR 7Hse HE IEEHIL Qo HE o] £ 7}
A A ;o] F¢H &8-Z o AT BRIl 235 Ho|A 2 Aotk I8A Hohd, o& Alde 32 £5 ¢
A& ¥3 o539 AR olojA Hop Adrbsstal A3 A gk AlTd AR 4T & Sl o]
gk 0|24 =90 REolAd, AAl A& oA A& 7Fs3t vio] utA (point-of-care biomarkersh= 57}
ARl 97 Zh5ojof & A0 R HRlth, Uek HA] Zdho] RIFLEe} Bo]=F ZH511 Qlojof 51al, A2 T X&'
E A9 4 9= o9l 73 70l €82 4 9= 7182 WESlof gtk T3 AA| H g E8E57] Y= A
U2 A o] 2 HAMHCE LTt 22 &-=]ofoF shu| ALl diglh H]-& B&4Jo] SHrE|ojof
o Aolt. ohodt ok RE 9 HARE E3F iR sk ABA7E AT Q= d FA0A o5 X =H
RIS GEE Q= AREA A AFIA &8 2 5 9= 72 55k 2ol 5851, 55 A 59 A
g A A3 SolA Bl 713 S ST ¢ Y= AREAY 971% Fgsith, FoETE = A% At AE
3 A EAE I A&7 A3} E9lo] ZHs® 4 lojof ok AE A4 A=l &5kt glo] 87« Hio| 2
up# 9] g 7o) Hcte,

QA HA TS oFY] PR R F did SAE0A AEH R AT 5 Aes 50E BETE A
(biologics)2] Z-go] Fd 2Jgte] YA -89 A dA=E BRItk 7P {85t €851 = 4
< type 2 A3} non-type 2 WA Q29| HAHH o], o|z|et ALY ERoll= N U A SA 4, &
3] 57] A8t A4, @4 WY 25 B7} Hlo|eupAR SEHTH ', o] F Hlo|oulAE 47| AFE AzAl
A &g 7Fs St Ho| @utA 9] R 7F 40| 250, o] A AlolA E8-E B Aok &, @A o7 A A=w
AL AE A5 FLZ FEoto] AARA A5 dEH R ARlotal YAT, BESHH A Y ARE FH2o

oA 7] A vlolontA 9 QA S4n Peista ARS EBE A7 F5T FASES 27

o

lo
o
e
)
)

o -

9 952 Z2YHe] 4G
2 242 S PAoR A ooby Xz A g FEA0E £85T Y A0l ojHY FEHoE 4gs
T 9 W ool A A BAY 27] AR SARE B 571 S A ST ol 1 o]
2 +%8 A F2ut: 43501 AAH B9 B4l AR H§ AR AP A & + Ik AF
£ vo] 9n} o] W2 W Fo] WA a7HT
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4.C}= 2uA B M(multi-omics analysis)2 &2% X A] Hjo| 2017 7{& A7

292 (Omics)d 3422 A 52 olsfist7] fIof th+t=2 Hlolg ¥ JHo 24 & A 7ekol gk <
T 2oFE O & St} &, oj" BESE 75 A ZdE B, 124 9 753 84 A5 E8oh=
Aol T 4= Stk U A= FAA|, AAA|, SAAFAA, G AR, AAEE (exposome), HHO|
F2Hlo] & A WA FHE FE E 5 913, o] F A 2 HAA A v d 32317} Eol o] of
Zckat o3} 22 QAo 81 97| & she

A 9 o7 g E7] A2 o7 e WAF 9 EFAR ols=E= v 9548 A A
AR 9 §AA JFS ol Kot ¢ thofsHA AdYsta WdstA otk o] Hgk BRIkl
S 13T uf o] HFZ o]Fsh= d] Qo] uA A= Adly} A EE HejAy oY 7 Aslehy
sfoh=t] Agstrtal & 4= Q). slE0], RuA 7|H2 Hio]| QulA 9] 7|54 Ada HFol 7]ofsto] Ao o
e A =Tt 7IdERE AT 7Ioletar & 4 ol AAAE A, T fAA D HA] AT A9
o] H| ¥ o]0z e R, oje] HAlFe] IHAGE Kol 1 TH FAA E HAF FAA S| dEE] AY
2 A+ SolA AL ek @A AME L Q= A 7S 7hds] Qo] HA, 4 FAA Al Als
(genome) 42 AJo] 7| XA EA (Sanger sequencing), A4 FAA] IHEA (Genome wide association
study, GWAS) ¥ At A7 L EA (Next-generation sequencing, NGS)°|| 93] 351 o]& E3f 4]
3 #HE FA2F ORMDL3, IL-33, IL-5/-13 ¥ SMAD3 &2 E3g o8] f3AE0] A=Y Z 5191, oF
2] 34 A J82 FAAY] OE 3ol Uitk 9F 59 FEE AT 4 Y= A wofR F5 ¥ 917
T s} 3R FAA AT S|AE (histone)oll 95 IS v A FE 2T 22 AR YA
(Deoxyribo nucleic acid, DNA) AHA| T+ DNA 3 thili o] 7149l 516k ¥g Ay E4A7 =t & ¢
UL, FAA| LR AHILE etk hiChip 71, G4 A/ AE 913t ATAC AR4, S|AE W3t 7t
QI A=k BAH (mass spectrometry) ¥ CUT & RUN 7]%, DNA WE3slo] gt TAB AlEA (TAB-seq) U
whole genome bisulfite sequencing (WGBS) 7|®Ho] &85, F2 DNA HEs} ¥HslE Hel o8 CpG &
9] HAIFO] Aol BarH Hf ik HAY AAKA A= EF AE = 2 FA A BE {79 R
4t (Ribonucleic acid, RNA)] d A FH £ sk IAolztal & 4= glon, o= A M Y A
3 RNA A4 24 £4 (clustering analysis)o] AUd 2 A4t Aol &8=]o] HAl A 47 55 3
H3go| T2 =38 33 it o) B2 A4 2k2t9] 7|BA-HE A HY (bronchoalveolar lavage fluid,
BALP), Hzx%, @3 9 A 5 ARE o|&sto] A B4 7|H 2= MUCSAC & 22 ofg] Hjolent# TH
4% 53 A7 7IHo)7]% shet tiAA| A9 Aokle 7714 W 23] E Al ZAA Y] tiAMEES tide
2 o]RojR = AFE F2 I JRE AT 4 U= AHF B43 92759 (nuclear magnetic resonance,
NMR) #4] 7]%o] o]-§Hr}. 44 tlo|g X2] & 714 = tARES Adsta thA] 7]&9] Hlo|HHo]A K.
o} H|wE o Hio|eubA SHEAR Aok F97H B, 2 HA APojA 22 AP H opn|ieAt, FH 5
o] # thALA HioleutA THE HNEY|E PP, AARE B2 ulfE 1) E vfo]a2Hlo] 33} 22 F

i
o,
ol

i

-

_ —

7] 94 B4, 715 59 thoydt G RS A7 WHOR thy o8 R4 Fo) BriEky & 4 gtk
o7 QAT ATl B 4 Yol BT Bl Qula Ralol4 Telw wlolontrle HAle] charet AY
2 oSt SR S 4 9lom], AAR QuA FHE B3 L2 vlol o FHEAE FoIME A

7HA] Qg Az D 4] 3R Felof] A2 4 & vho] 2uH (point-of-care biomarkers)2 FHEE o= ¢
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t}. ol H4)9] ¥l olafigt X g HiFt ¥hS S 5= oA Y 29AT} obd BE 249 A (integrated
omics) ¥4 9] Akgo] G Q39HS 7FZ35}. XF7HA 9] thE UA = 584 euA BaL b gof ual HEZ
O & AMGEO] $irhar & 4= Sk, of7joll= BA AA Y =2 HE 2 VY, Q48 89 FA E2 AEE
o] EAF o}, T U A Holg AY4t v-EO] A W WHES] o IH2 FE ulA FAo] QoA
5] AFEE AL 7IHsH gt B2 olE fsiAe QUi B4 7o nEst E AAG9 BAE S8
N AQG D Y A A 223 24 2 4 FSE (birth and patient cohort) BlH|0]E A 7}0] A Ea}
1 A8 vHEA 3y Bofl A QJgto] 48 73t viol A A ko] §HA4 g Ht

5. &N oflAe] M| Ho|207] EE T} otA|

A7 A419] wpoleut "agdyt A+ e 71 SOl tish 22 g1, W2 A7 AHE /WA, of
A= A4 22 A4 AAA o] glo] g Hlo] QuFAE 7M1 ekl 3 4= Yok (& 1).

Table 1. Comparison of the characteristics of biomarkers in ashtma'

Biomarker Diagnostic Predictive Dynamic Stable

IgE

Specific Ig E

Eosinophils

Neutrophils

Fraction of exhaled nitric oxide

Eosinophil peroxidase

Bromotyrosine

Stem cell factor/KIT*

Urinary leukotriene E4

Periostin

Single nucleotide polymorphisms

* KIT, proto—oncogene receptor tyrosine kinase
"This table is modified from reference 24. The gray shadow indicates the characteristic of each

biomarker.
ok, 5% HAl0]4 B8] AXET gk Hol 2ulH50] 9, o5 FOINE AN T 715 vo] ent
HAEL F2 type 2 A4 i3t vlo] eutAERA @ WY S2EF E, B8 57] A5t A4, Y SAE 4]
bel

7t olell ST (& 2). ATkt @A AHg Fol AL AAA
Sol4, ojel 9% aQle] ga G, WA Al maE A
27 B4lo] 9 2 A Ao,

@

7hs4o] gtk HEE 4 9 Ho] onbAE 1)
1 B35k 7143} Zo] ol AAEY ool

>
fg
J
o
p
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Type 2 AAlo] gt A4 violeutAR = Y W SARE TliQl AL ool T¥A (eosinophilic
cationic protein, ECP), A 3 A1 Z4 (eosinophil-derived neurotoxin, EDN), F&7|da12
(major basic protein, MBP) ¥ H¥r3-4 At4% (reactive oxygen species, ROS), Dipeptidyl peptidase-4
st AxET A Y Ato]E7RI, SARE 3HAISERE 4 (eosinophilic
Aebd A AHE 9 ©7] 2571 AAE7) & St A A4 BERE
type 2 Hio|uPAR F#HA 9lu1, §3], A% Y T2 AEET D2
o 3 Ao gl vlo] upA R AAE 3L 9Tt &, non-type 2
HEE B miRNAY N Y [L-1, -6, -8, -17, G417 G YA} (brain-derived
neurotropic factor, BDNF), folliculin, =AM E Q3488 4 (myeloperoxidase, MPO), 357 dz}AH|oHA|
(neutrophil elastase, NE) & 27 AFQIA} (tumor necrosis factor, TNF)-a 7} Hfo] ulA 24 9] 7540 &
A9k, type 2 vlo| 2utACL 2] /g0 -8 753k non-type 2 Hfo]u}HA
AP & obd] ARGE AL UA] F3F A o] @Alo|tt

(DPP-4), osteopontin 59 A
peroxidase, EPO), 37] 5 =Y
241 (bromotyrosine) GAl 74 QL
(PGD2)%} FZE 2 B4 (LTE4) =

ujo] @u}7 9] 79 IL-83}

T+ Fol Utk
Ejo]1, non-type 2 HA]of o3t & 3}7]

5 A
%49

ok

5T

l

o}
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Table 2. Recommend criteria for the use of biologics for patients

with severe asthma in clinical asthma guidelines T

L =]
~ A5

Biologic

GINA' 2022 ERS' and ATS' 2019
Target Allergic Eosinophilic Allergic Eosinophilic
Omalizumab IgE Sensitization on No specific BEC > 260 cells/ uL; No specific
SPT*/Specific Ig E;  recommendation FeNo = 19.5 ppb recommendation
Prior exacerbation in
previous 12 months
Mepolizumab IL-5 No specific BEC* = 150 or =300 No specific BEC = 150 cells/ pL;
recommendation cells/pL; recommendation prior exacerbation;
prior exacerbation in OCS-dependent
previous 12 months patients
Reslizumab IL-5 No specific BEC = 150 or =300 No specific BEC = 150 cells/ uL;
recommendation cells/pL; recommendation prior exacerbation;
OCS-dependent
patients
Benralizumab IL-5R  No specific BEC > 150/= 300 No specific BEC = 150 cells/ uL;
recommendation cells/uL; recommendation Prior exacerbation;
Prior exacerbation in OCS-dependent
previous 12 months patients
Dupilumab IL-4R  No specific BEC = 150 cells or No specific Recommended
recommendation uL or recommendation

FeNO*>= 25 ppb;
prior exacerbation in
previous 12 months
0OCS*-dependent pa-
tients

* SPT, Skin prick test; BEC, Blood eosinophil count; FeNO, Fractional exhaled nitric oxide, OCS; Oral corticosteroid

TGINA, Global Initiative for Asthma; ERS, European respiratory society; ATS, American thoracic society
"This table is modified from reference 26.

—©
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6. 28

Aoz WAL Tr ¥l /A4S 7k ole] A8e m@HoR AYst Aoz 1 Az 9o Y
U5} 512 sk A9 A A AL O TAS Mol O, o} B A o2 24 4
9S WhE 4 gl B BA50] Qi o] WAl B ojst B A7 APsd FAo] vt FHA WL A
AR F4/SY WS A AL B3 AT BAolA FAFAAE B3 (2T A83), BUAY
OB $A-8-2 HaBkta oK) AT QNS ISk Aol 1 B35} @ oltk. wehd, 27198 B4
2 233 % AR EHOE HEH Ho] FaHAtL T 4 Uk, @A I AHAAE FY2H R
ol=g F2 Shs UL & B3 Ao WIHA i WAAAE PO AT U £ 5] A5} WS 23
3 AR AHE 7Hs Hlol QA S B8 dte] AU BRE Awstel BRHAY A8 APAA FAHE A
2 AT ek, A, ol WAH XNz oA $EA A oJate] NzA A2 oJHE H2F 4
o7 BAZ IR 9 7k G A AHolth. mebd, Bk SEAol A4 A ofshe HAlY A&
o] A g A AFT HAL Aolth. Y oJste] AA|F H o)A W it vo| entAct N7 /Hsd
B0 AEsty AP A0 UF 0uA AT 7Y U AT A4 AT ARt DIE FHL T 9
ofe] BA0E | B F PAL volentA U N7 /F5e B Ao W9 38T £t D 5 UL Ao
ER LR
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n Biologic Therapy in Severe Asthma

Siechermelaichet shichstm A el |- 2|2 |t

AL 7 EGS5H 7= HF, HEAR] 7|45 EPOE of= 1M 7|= Ao R, A AAZHCE 39 9
7}eko] AtgEo] olghElo] QI thEE o] HA FAEL B9 AH|Zo|EA(inhaled corticosteroid, ICS) 7]
Hho] FFEA = &Y HERZE YA (long acting beta agonist, LABA)S 3715 E3A|2 g3l5og &
ol 24HH 18y ARTHAE S8 % F40] & RAHA A1 HA A3t fiEEAY H7)5 A7 2
Sh= $AREo] ARt 20219 ©]F GINA oA o] &2 S & £HEHA 22 A (uncontrolled
asthma)/dx4 AA(difficult to treat asthma)/E=H A (severe asthma)2 2 E&5l0] AS-555 AAT=
g2A H2g AL A8l Q) 0|52 F5-555 Ao vl oAQ] Akgo] B, HAeslE QI 9
9} S-FA HME 9 9lQlo] ¥IHsle] o] FH] x| &o] Er}?. At 1007¥7 YA HA IAE o R = AR
< FAIE0] WL AR EQ)E 0] A RS HA] 4o SAE L 49 Ho] AAEE 5 BAE R
12 ek mEk B AuoAE $529 A2e AR AR S AAE FACR A e YA
A4} 9D AA| DA (real-world data) T =& 5 F oA (Table 1) A5AZoNA B0 = ARG 4=
= getol bisl gotX 112} gk

[e)

ri ¥O ok
ru

ofA
ol

X{Alo| &o|

o
[Ny | o=

2014Y¥ 9-H3587]5}+3]/u]2+F-5-8}3](European Respiratory Society/American Thoracic Society, ERS/
ATS) ABA X 24, HA] 245 9ot 187 &Y AHZ0|Eet 2% A9 ARgo] AstAY AAl A
H|20]=9] ARg-o] 119 50% o BastAY &+ A|A| ARgo] Bagh A4 e TIfdE &6t 245
A o= AL 5% FA o2 HoJskr 9lrt.” ERS/ATS ARA oA ‘2AFA] = AL g 4714 F 17}
A& 9rEsle= 422 A5t 1) 2 $4F 24! Asthma control questionnaire (ACQ) >1.5 T+ Asthma
control test (ACT)<20, T+ GINA F=A3 9] ‘24 org’'Q AH$, 2) 3¢ o4 A4l AHZEo|E X757} A3t
HA 371 A 23] o) ARt A, 3) HA ABE QIste] M Eolu A JAstAY 71 A2 Fo] adh
Ao ARt A 4371 A 13] ol Q= AF, 4 71BAEGA Fo] ok 7| FARKFEV1 <80%)°] A|&%+=
A& AA5HA-

Y, GINA 2022904 & & 2EEA] S AA T FRAG HAT S ofFjet Zo] Aosta ot & 24 =R ¢
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L A4 e 2e AA B0l YA AT SHANAE AT A9, BHOE AT B Aol oz SO
2 34 Z40] ‘248 o A A9 EE 190 28] ol A7 2H|Zo|ES a5k A4 o5} EL 190 19
o1l YUARE AsHe AT WA Bk P AR AL, TN BA'S GINA 4-59A9 ARG
8% B 143 U A9 20|=0 2% 244, 44l AHROIE §AVE Bast ol ARoE 245l
G Ao FART G A8, 48 O $8E, T B 29 e S Aol sk, F

ol g
> T
HUBND
[

oo

98 TPIL) W FFAN L HH4E 18F §Y 2=
Eoh BARUA 2o E BF5n 2FwA AL 18
9] axo] spgaicta & 4 it

of el 84 Mz ojeigol At A9
14 k2 FA A= B w2 &S
FE-g Zold oSl WA WAY A4

L,
[r
N

/

2
>
19

2. 5T Ao HolI|H™
AAL TRt BAYE 7T i oldA Ao Hojsld), $504 A4 Tl 2EFL AL
ke Agow Uyt ZHRMI 2L BAHH ei;L 1ol A QA BAFo] et £77) ol
LN [e)

ojFal F5HAY uEA FEFRE 24
SAFEA(late-onset severe eosinophilic), $718A) %74 (late-onset neutrophilic) 4] -2 HUHH F
S (obesity-related) 5ol tt.5” ¥ BAYo| el FEEE FejAYE YA P (endotype)oletal 5,
AR FZHA )AL T2-high 9} T2-low F7FA 9] endotype 2.2 I A 7T 4= Qir} 5

T2-high endotype °|4+ Th2 AlZ°] ]| group 2 innate lymphoid cell (ILC2) °]|A4 4] =+ interleukin
(ID)-4, IL-5, IL-133} &2 AO|E7IQI0] S83% I8 B35y, 7| =T Ao £H|5= alarmins, &
thymic stromal lymphopoietin (TSLP), IL-25, IL-332 ILC2 AIZ& A=510] T2 EFAIEZI], & IL-5,
IL-13 & Z7HIZIE 0 [L-5% SAe] 59, 4%, BE0] B2l Ao EvlelolH, IL-49} [L-132 E3 Yin]
9] R2AEAE S7HIA BATE 2RO JFSHES F=t}. £ [L-4%= BAIEAA IgEE BASHES 51,
IgE+= HIRHA| 3o Agsto] S =24} oA ZHg-sto] HTHAE S REstal, 7|E A5 AAlE, HA
A 7= FEE 52 SA3AIIT IL-13 GA| 7] = &t AR 3 HA AP /dof ottt T2-low endotype

A& QEHE Zukinterferon-gamma)E AAJ5H= Thl, ILC13 IL-17 € [L-225 ¥d5k= Th17, ILC3 5
o] A9 yhgo] XFH 0|52 F2 5579 F7I9} AHZo|E AFAT} Fo| Ut T2-highol Hld|A =
o}Z] 92| 7] 9k FEo| ¥ A g5A /fde FFo| 27 AR F5HA Y] Fa3%% v|SF £2= FT FY
e A} Aol FQjk gYoltt.

A 27| (early onset severe allergic asthma), 37|44y

3. MESHEH|H|

1) Omalizumab

Omalizumab (Xolair; Novartis, Basel, Switzerland)2 t]= A& 9]k&QA A (U.S. Food and Drug
Administration (FDA) 28E 208 534 A3Z07 5913 vk PEHA AAo|t} txZF el 34
A9 EXTRAOAE= 85099 55 L2744 IAE thAfoz 4857 APEAE=d =79 ACQ ¢}
AQLQ(asthma related quality of life questionnaire) o] A3} o 25%9] }3}7H4A B7S B sl w3
S 74 A sk (fractional exhaled nitric oxide, FeNO) (19.5 ppb o4, &xdd SAFL(260/xL °JAD),

@
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g3 #H 22" (periostine, 50 ng/mL O|AHAI7} E=UH ¢ omalizumabol ¥-g-0] £9t31 4 45 HIE
2459t o] % 8= Real-world effectiveness study 914 omalizumab AF&-tolAl 1270€87F 250 ml
9l A7) M4} 59% Fohzth E 41% BT AHR0|= ALGF] 7H4E B gkt ik

omalizumab®] #2802 w9 w2 Wi (0.09%)% oftZEtA| A7t B g v} Qlo] 27] Fof Alol= 24
ZHB<L ol%ol= 3087F TASHE A2 FAELY ok E3F 200390 1-34F AT Hlo|HE o] 8319 Al3et
e E40A omalizumabg ARS-3F AR A Fo] WA B a7} 919l out (A&t 0.5% vs. TR 0.2%),
44 AT G HlolEE F713t HEr A79 T E AN FF Aol gk 8 Qi Ao YRty b
T3 20209 F#E EXPECTHOIA = omalizumab $98 W2 $55-35 AR H4] SApZoA A4 7
o] 9o Z7}51A] PSS FRIsHYE” o]E ZARE omalizumab 2 FDA pregnancy category B 2 2575

1 9o}, Yo BLskal AFRoA omalizumab AFSS BAEH QA Q).

2) Anti IL-5/5 receptor antibody

® Mepolizumab

Mepolizumab (Nucala; GlaxoSmithKline, London, UK)<2 184 oJ4F SAMEA 55 A 4] 2Rt o
A7 2 5RA& 92 kAol Mepolizumab2 IL-5°] Wit Q1718 2 E2FAZE SAMY B5S At
I @AoA FAEO] 5 FAAITE EZRI 34 ARl MENSAOIA = 18359 & AHRO|EE ANF

oz Bty AR &1 vkE Aoz FA ofsir} 9 $AMLA 2244 SE-S JAFO 2 mepolizumab
F71592 W) Siokzs vlEstel ABR(75mg AUFAL 100mg TBFADONA 47-53%9) 34 ofste] g
BIEKP0.001). 7 34 F2olt Yool BAY 55 FHA A9 Rl 2L 32% (0030, 51 %
oI ZL 61% (P=0.020)9] F45 BT, ololo] 4] W} W4 2AFFE 98k UL, oF 100 mL o)
PV AT SRISIe], T A7AAZO|SE HAOHE 5 AAMAE O B SIS A A
ZolA Bxol W) oF 50%9] AH|R0|E §FE AFT 4 AU (P=0.009). o) bt wIE At
7] $18F COSMEX AollAl: Fof & 27 172574 #5819 0 mepolizumab F5 ¥ 259 A7
et otk e A7 0.933], Jolut A 8rt ad F5otsR A%F 0.133)2 FAHAT Y RAgor:
A7\ 29, AN 71849 So] 9glot SOt FUIE ol ke WAEA gkt thA, Ak B2
@21 REALITI-A @Ol A= 29719 47]7F 53 77% 9] 434340} 50% B+ AH 20| E IHFa S g1l
31T A2 o] ARG Bl s x| Foket”)

® Resliuzmab

Reslizumab (Cinqair; Teva Respiratory, Frazer, PA, USA)2 18A] oAkl SAMA 55 AAo oigt 7}
252 5902 T2 PETHH AA 0|t} Reslizumaba IL-5° tg Q173 dEEFA| R SAM BE2 TAAT|
= 83& BRIt} Castro 59 34 AolA reslizumab2 S AH|Zo|E2 Z AR = T2EY TA
3715400 cell/uL o))y SHIRE A SEAbol| A ok} vl wsto] H A9 F4 o8l RIkE 9F 50% &°]aL
110 mLo] H7]%5 AAast @ A4 33 d43 40 2 A58 FolsHA SdA71E Aoz RIF It 18
t reslizumab ¥ sto] LAH 20| E o] tigh A= B 1 vzt §it}. Murphy K. 50] 21838 9%
A (open-label extension) AFo|AE 24719 F2TEE 519131, Castro 2 FAHA 2F 90 mL 2] FEV1 7§
A9 ACQ, AQLQ THE BAT F9Igt o] 4Hh-g-2 =] grghet. ™
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@ Benralizumab

Benralizumab (Fasenra; AstraZeneca, Cambridge, UK)2 IL-5 849 ¢ A9l 2&sl= Q75 &
EFAoItt. Benzalizumab2 @A 9& AEZS4S 53l EAY AZAEARE F20611L, IL-5Reort9] (IL-5
receptor ¢ subunit)E Y&sk= AEZE &2 0% A3} 34 A+ CALIMA ¢} SIROCCO oAM= 578
T ol &9 AHEO| L A& HE2 FRAE ARESHAL Y= BAMOA benralizumab 30 mge 45 52
8% 7HA 0= At ARE Hlw PP R 714 HZEA AT X7} 300/l 01 B oF 36-
51%2] 34 ofs} vz o] Z4AE Btk E8 106-159ml 9] FEVI 7fAavE Uehfigly, ACQ-6 2 AQLQ &
9] 3ot AL Bl ZONDA AFoAE A A Zo|E o M2 FAES A2 E benralizumab
o] AH|Zo|E A s ERISIAET, N 5d2 285 5 9ol Hls| M AH|20|E AMEE 43T &
A 5 ATk R EE: 75%, Y2k 25%, P<0.001).%7 Bt opjet A4l AE| 20|28 EYLoE 75ty 4
okg}o] "7} fiekito] vls] FHAsIATH4T 1HE A J 55% F4, P=0.003; 8F 7H4 X |t 70% 4, P
0.001). QFAA T} kS B91517] 913t BORA oML 685714 32819 Ed], A7} 300 oAl 24
AL Az 0.53] 432, FAFEZ}F 300 A wlwtel SR E 0.7-0.83] 9F3He-S B stk Y Iy o]
AT T71% A4 IR 40 mLE 34 A7) w]s) Ao kot ACQ-6 9 AQLQ & $-2J5H 7
AE, £5] 4kt 30071 o]l AREOIA B Bkt 94T

3) Dupilumab

Dupilumab (Dupixent; Sanofi, Gentilly, France, and Regeneron Pharmaceuticals, Eastview, NY, USA)
2 [L-4Re oF9]e] tigt A7 FEEFAR [L-49} [L-139] &5 AT 2EER] = 124] o] A A%
21,9028 iAo 2 5257 A3PE 34 A9l QUESTONA A&+ A dupilumab 200mg ¥ 300mgS 25
AL R Fosl, 270l 539 $192 FoIolith. A mwtoA= ATt d3k&o] 0.463] H|s] tx
olA= 0.872 ERI=|0] oF 47.7% A3} HAE HIth 59 Y2EY S4HL71 3007 o2l A4 = 0.37
2 7P 92 3122 YERAEHP(0.001).%® ¥HE X F79] 4.1%21 52789] SRt A LA ZQl T2 N SAE
2717 ER1=9)th. VENTURE Aol 21099 AFAHZRO|EE E-83512 55 A4 gAo)4 dupilumab
24%F7r A @A AFAHZO|E ¥ GHE IstuAr 1eE? o] Ao HE tiRFo] Hlo] X EZA
BAFAH RIS 875 GOt AAAFT REE 70.1% B4, HRE 41.9% T4, P{0.001). AFEZ2] 69%
ol 4] AFAE|ZO|ES 31F 5mg U2 AT, 48% SAIAE= A5 FHBIH L A FAL tRol H]3]
FAos}o] Hlgo] 59% AR, H 76 MAAET = oF 220 mLE SRIEQIH. YAAR] BAS TS A=
9] 14% oA Yerstth 7179 bAAT a9E #ESHaAL Sk TRAVERSE A+ & 9657 A=,
O NH3-2 2733} 34 A7} FARE AL E SRIE N AT A3he-2 A =7]7HE<T 0.27-0.327 2 A A=
31, FEV12 9F 220-330 mL 7HA1= k> MELTEMI G704 44678 9] SkxtollA] 23 517H2] A717ke] gt
AT Y-S B15HA, 7129 ATATeL FAFSHA ofsle] vlg-2 A7 0.58] =& B st ”

4) Anti TSLP antibody

Tezepelumab(AMG 157/MEDI9929) TSLPOl A3sh= [gG2 ©E& FAEHA, TSLP $~8A2ke] 454§
< o} HAlo] 2719t 27] ¥hg, T2 AE9He< JAIRIT 34 944172 NAVIGATORE 124 ol 55, &
AR 4= 1,06189] A S dgoz F 5257 APE A1, AZF A4 52 AlFEolAE 0.93, W

O
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ZZAE 0.21 2 =] ok 56% 23} 7Ha Z3E Bt} (P€0.001).3Y B3] 5477} 30071 u]FtQl &9
A 9k 41% 9 o3} HARINE veRd A E4ol2ta & 4= 9ITh(P<0.001). 1 flof #7]5-2 =l H]sf 130
mL BE 7JAE 2™, ACQ-6 2 AQLQ EF R-2JsHA T4 =9t} (P<0.001). SOURCE Q&= A+ AHZO]
CE E&ote 5344 S 15082 tde g, HAlo] & 2AEHA A AHRO|EE £0]:= A9 H &S
U AR Qetget? T8y BT 2H| 20l 7] tigh 2 2uj= 1.28 2 FQIE o] A 7FoA 4L 7
T 2HRo|E 87 F-9oHA ZAAIZIA] 3t ot A AH|Ro|E £ 90% ol £91 T Hl&-2 A
F70] 54.1%, 9J9FF0] 46.1%E EQ1%|itt. DESTINATION Q7oA = & 1045714 9] okAA 3} avls 3+
A7) 3l & 5289 TAE o g APHAYL 34 AT} AR HE 9] ojAuk-go] FE et H|IE
& (nasopharyngitis), A471%= €57174F, T8 5°] 24%, 14%, 11% 2 R E Y}t A7terse A 77 |7Hs9t
0.42-0.61 & Yebyitt,

2

rhu

HA A 7oA FESH AAlE 53] $5 A4 SAONA BT ARATE HoF Aok 2352
Y AHZO| =9} A& HER2 FAA Y Aol Esta HEhvte 34 A%k si2EA 41 o
i, AT 2| 20|=9] F7|7F ARG S5 34 SAECIA A% A4 BAE-2 ISl AFEES ST
2 2t T2 AESHA AAY 2 242 o]d $5 A4 A9 T2 5 982 2435t 34 I3
<013, W75 AL, AT LHR0|=E ARt A0S 7P irk T3 Ao AREERl A=t
AAl & omalizumab-2 THdFE2]7| <} wHgdu|Ful A3} ¥]-8-2] 2852 71 21 dupilumab2 ¥ 5
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Table 1. Summaries of the pivotal studies and long—term extension studies for biologics

Pivotal studies

Biologics

Studies

Dose and
duration

Patients
No.

Outcomes

Exacerbations
reduction

Lung
function

Symptoms

QoL

OCS
reduction

Omalizumab

EXTRA

0.008 mg/kg
of body weight
per IgE (IU/
mL) every 2
weeks or 0.016
mg/kg per IgE
(IU/mL) every
4 weeks; 48
weeks

850

25%

N/A

asthma
symptom
scores
-0.26

AQLQ 0.29

N/A

Mepolizumab

MENSA

75-mg
intravenous
dose or a 100-
mg
subcutaneous
dose qdwks; 32
weeks

576

47-53%

98-100 ml

ACQ-5
-0.42 to
-0.44

SGRQ -
6.4~-7.0

NA

SIRIUS

100 mg q4w
SC; 24 weeks

135

32%

114 ml

ACQ-5
-0.52

SGRQ MD
-5.8,

50%
reduction
of OCS
dose

Reslizumab

Castro et al

intravenous
reslizumab (3-0
mg/kg) every

4 weeks for 48
weeks

953

54%

110 ml

ACQ-7 -
0-251

AQLQ 023

NA

Benralizumab

CALIMA

30 mg every 4
weeks (Q4W)
or every 8
weeks (Q8W,
first three
doses 4 weeks
apart) for 56
weeks

1306

36-40%

116-125 ml

ACQ-6,
-0.12 to
-0.23

AQLQ-12,
0.16-0.24

N/A

SIROCCO

30 mg every 4
weeks (Q4W)
or every 8
weeks (Q8W,;
first three
doses 4 weeks
apart) for4 8
weeks

1205

45-51%

106-159ml

ACQ-6,
-0.25

AQLQ-12,
0.18-0.30

N/A

ZONDA

30 mg every 4
weeks (Q4W)
or every 8
weeks (Q8W;
first three
doses 4 weeks
apart) for 28
weeks

220

55-70%

222 -256

ml

ACQ-6,
-0.55

AQLQ-12,
0.45

75%
reduction
of OCS
dose

Dupilumab

QUEST

200 or 300 mg
every 2 weeks
for 52 weeks

1902

46.6-47.7%

reduction

130-140 ml

ACQ-5,
-0.39 to

-0.22

AQLQ,
0.26-0.29

N/A

-
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VENTURE 200 or 300 mg |210 59% reduction|220 ml NA NA 28.2%
every 2 weeks reduction
for 24 weeks of OCS

dose
Tezepelumab  |[NAVIGATOR (210 mg every |1061 56% reduction|230 ml ACQ-6, AQLQ, 0.34 IN/A
4 weeks for 52 -0.33
weeks

SOURCE 210 mg every 150 31% reduction|260 ml ACQ-6, AQLQ, 0.36 |OR, 1.28
4 weeks for 48 -0.37 (95% CI,
weeks 0.69-2.35)

If Eos=150/
©L, OR 2.58
(1.16-5.75)
Long-term extension or real-world studies
Studies Methods Objectives Duration | Exacerbation %ung' Symptoms | QoL O .
unction reduction
] Bousquet et al.[meta- treatment 16 weeks [59% risk FEV1 250m [ACQ -1.13 [AQLQ 1.44 [41% of
(Omalizuamb) |analysis of [response, to 12 reduction for [improved |at12mo |at 12mo patients
observational|lung function, [months [AE at 12Zmo |at 12 mo  [(n=194) (n=375) reduced
studies exacerbations, (n=4185) (n=260) OCS at
OCS use, PRO, 12 mo
etc (n=8279)
COSMEX multicenter, |Safety and 172 0.93 event 100 mL at |ACQ-5 NA 88%
(Mepolizumab) |open-label, |efficacy (AE  |weeks per year 168 wk week 60, reduction
long-term, [rate per year, -0.09 from of OCS

Phase IIIb FEV1, ACQ-5, baseline dose

study (n=339)|OCS use)

REALITI-A global, AE rate before |24 69% reduction|N/A N/A N/A 52%

(Mepolizumab) |prospective, |and after months |of AE reduction
observational|mepolizumab of OCS
cohort study, dose
collecting

data from

routine

healthcare

visits from

patients

with asthma,

n=368

Murphy K at al. Jopne-labe [safety and 24 N/A 90 ml at ACQ - improved [N/A
(Reslizumab) extension efficacy months 16weeks 0.360 at 16 |(2=%hH

study weeks

(n=1051)

BORA randomised, |[safety and 68 weeks [0.50 event per|38 -40 ml |ACQ-6, AQLQ-12, |N/A
(Benralizumab) |double- tolerability year (EOS= |(EOS=300), |0 -0:09 0.08-0.15

blind, 300), 0,7-0.8 |17 ml (EOS |to -0.12  |(Eos)300),

parallel- (EOS<300) <300) (EOS= 0.09-0.11

group, 300), -0.1to |(Eos{300)

phase 3 -0.15

extension (EOS<300)

study

(n=1576)

MELTEMI long term safety and 96 weeks [0.5 event per |[N/A N/A N/A N/A
(Dupilumab) extension tolerability year

study (n=446)

TRAVERSE open-label |[safety and 96 weeks |AER, 0.227- |220-330 ml |ACQ-5, AQLQ, 1.07 [N/A
(Dupiluamb) extension efficacy 0.310 -1.64 to to 1.40

study -1.33

(n=2282)

DESTINATION [long term safety and 104 39-58% 200 ml ACQ-6, SGRQ, N/A
(Tezepelumab) |extension efficacy weeks reduction -0.3 to -6.05 to
study (n=528) -0.69 -10.04
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