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Recently, Global Initiative for Chronic Obstructive Lung Disease (GOLD) report, a useful tool in the
management of COPD, has undergone its annual update. This article aims to review the newly updated
key points of GOLD report, version 2022: 1) the new definitions of early COPD, mild COPD, COPD in
young people and pre-COPD; 2) DLco for COPD assessment; 3) FEV, decline during pharmacotherapy; 4)
eosinophil in COPD development and progression; 5) pulmonary rehabilitation in COPD acute exacerbation;
6) low dose CT for lung cancer screening; 7) the risk of lung cancer development and inhaled corticosteroid
use; 8) the risk of SARS-CoV-2 infection in COPD patients; 9) SARS-CoV-2 vaccination in COPD patients.

This comprehensive report guides us to the changes in our daily practice and to the new research ideas.

Keywords: GOLD 2022, COPD

Corresponding author: Yong Bum Park, M.D.

Division of Pulmonary, Allergy, and Critical Care Medicine, Department of Internal Medicine, Hallym
University Kangdong Sacred Heart Hospital 445 Gil-dong Gangdong-gu, Seoul 05355, Korea

Tel: +82-2-2225-2754, Fax: +82-2-2224-2569, E-mail: bfspark2@gmail.com

1. M2
Global Initiative for Chronic Obstructive Lung Disease (GOLD) E1A= td /R =H A AlA o= A
27Fecl @4] 9= AlAEE 7|Rte 2 g4 Ql ] T2 L oks EFE ARl Utk GOLD 2022
7Hg ol A 22 A2t o5 AlQtel o, Al =53 vl o 2 ofg] Ao T 7 Rt 2 A
o Al+= GOLD 2022 7R850l A AHE AAE ALY AHo|EH BEZ 952 7|&stalA} gt

2.28

1) Early COPD, COPD in young people & pre-COPD %2

Early COPD: COPD+= ¥4 Hsto] 2o s Uel7| 714 @3 Al7to] A9 4= Q17| wlizoll Z7](Early)
COPDE ¥ dllUi= A2 offt}. 32292 COPDE ©]ojA|& 27]9] A2 7+ o
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“ Redefining diagnosis and risk stratification of COPD

COPD is a common, preventable, and treatable disease that is characterized by persistent respiratory
symptoms, airflow limitation, airway and/or alveolar abnormalities, and caused by significant exposure to
noxious particles or gases.

The diagnosis of COPD requires the airflow limitation based on post-bronchodilator FEV,/FVC < 0.7.
Although lung function is one of the most powerful predictors of clinically relevant outcomes, including
symptoms, exacerbations, and mortality, it may not fully indicate the extent of disease severity and
progression. Moreover, significant pathological and symptomatic change may have already developed
before abnormal change of lung function. Although these individuals may eventually develop airflow
obstruction consistent with a diagnosis of COPD, early intervention may modify the course of disease.

In 2001, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) proposed an “at-risk” stage of
GOLD stage 0 who present respiratory symptoms without airflow limitation. However, it was later deleted
because not all this group progressed to COPD. Therefore, we need to redefine the diagnosis and risk
stratification of COPD to diagnose the possibility of COPD earlier and increase the possibility of treating
earlier. Then, it may reverse damage before it is irreversible and impact the ultimate course of the disease.

Risk stratification may include four different characteristics of COPD including clinical symptoms,
pathological change based on chest CT, lung function and causative noxious environment exposure.

Putting those factors all together may develop more categorized risk stratification of pre-COPD group

who are at risk of developing COPD without currently air flow limitation.

Key words: chronic obstructive pulmonary disease, definition, diagnosis, risk, stratification
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"ol 7| Slet, FEA] 9] §F AP ALof|A], 4570 oA SARES] 2 AL A AT 1754 HlE
A2 7H 2ol A ¥ 0.14%2] FEV,/FVC A2 3%0)|4 COPD7F et vhH, A4} H| 7] 5- -2 HeisS

7HA o A= Y 0.7%2] AR COPD T Eo] 22%ATH:.
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3) 12 A

7|%7} FoHA AL H7]F9] HakE FHbohs & o= 5 CT 292 &6 €A I & stk 5 CT
off tiet 7=4] Hste} COPD = ¥ 7|5 Hig} Ato] 9] oqt]r*éoﬂ oot cheFet ﬁ?ﬂ HIE QI 5357 714
Agho] QI, A4 752 Hole A ZTEA 17152 7H i 1
2= H 2 740}— H YT, NELSON @4+ ZA}o] uf=, Mg 9)z0] w7
919} FoHA ot 959] #7122 E 7H dREET ¥ 7159 AAaTt 1 7;@1:}15_

FHE CTAS 71=d SA19 97152 Fslsto], FEV, I} CT AF thet 274 $A1910] AL AmE o4
of @2, 7|5F Algte] gli= A, Pil0°] 1 mm A&SF 34 mL| FEV, 7}*9} 2.4909] 715 Agt I 91
o] Z7Fotitt. E3, 10 hounsfiled units T917F 1584 SEQ]E T} ol FEV,2 10 ml B 46131 7
F Agt 2go] 1.58) =3kt

4
AS3L WY 257 SYE PF COPD 9] 0 8 42 Yok 319k, ol 2, COPD 49 A

d g I%E W 109 %3 COPD EEE%% 15.5%;&%. 714, 7k, 7 71
22 o/dolA COPDH Fojm|stA #eo] = ¥, Sgtat E A4l @04 COPDH #-2ju|sHA &
o] AATH®. 292 4919 7] @ A} w Agho] gt Ao A gHg 71#A| o] COPD A< 1.281 Z7HA7]
= Qiil——]'oﬂ‘:}w E3L, ;e(ﬂ = *é —4 FeH A A AFtolA = Z1R]oly 7, 7183AI9, H,
o 54}o| FEV, 2.7 ml/yr oJA4F9] 4, FVCE] 2.1 ml/yr o149 4,
R 6&—7— 7]%— Zﬂ?l’ ‘?-_]'*3—4 1.6‘3H 37]'9]'5'& o] Qlthal HIrstTH”.
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5) Pre-COPD
UM 7T U9l Ve A &4, 2 &4, =1 d8E S 471 8R12 ©<es] COPDE] 4
o] oz} COPDE A Pet 5= &= 4714 %’4%4 [Rlo|7= oPE}

@A FEV,/FVC 9] 70% vlTke] 715
IS A EoHA] o= g <loltt. I, u“o
gict. whebA], Aeko] 28 3g-S gt 4
Jo] COPD A (pre-COPD) o]t}”.

Pre-COPD+= @A 715 Agh& HolA] AT 7157 ol 2 WS 7hs/do] 3= Adeiolth. COPD ket &
ARG S-S T4 (EA oS SAE 23, 5 CTA W75 52 7| v|5el -2 124 oj4f YUl
s} Ho| Ak, 717 Agto] gl AR, olggt RS COPDY dA e 7|&8 55
T, 5] 473 37k ofU ™, 55 =871 S7oke A™ellA AAR vA4ARl 55 wAYUSS UEd
o, IESH, AJ7to] Ao whel, W= ofz]et, BIAFA QL 7] Algto] WIS 9jglo] b,

Pre-COPDOl 3= HIAES TEstll o5 A8 AJHiol & AS3P 883t olf+= COPDY 7Fsd<
Z710) Fstal 27] A8 7FsE o] ABE ZFAY STt S0l &= §lA =7] Aol SAE 5] 9%
ojct.

COPD Gene 82 80007 ol39] @A & oA FAAte] et €73 =&, A4 4, CT 4 R w7ls
< 53] COPD o] Ao E AR/, 4714 Q40 we 8712 TFo 2 ERE tARES] wE H7)
5 Aotet AA ArgEel thet 99 HleS Hla B7Felelth. 11 Ao wEh, COPD7} obd H|-COPD(none),
COPD 7Fs4°] +=(possible), COPD2}2] 7HA4I0] d=(probable), 1811 &3+ COPD(definite) 5=

- @

_l_1

***%

4]
yope] A9 xﬂ.%g 918 M)z A MEA BR TS
s X

ojnle] Mol A RFEIT, olo] wa, 2
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=50tttk H-COPD w9t A 23t YHA] Al Fofl A= B FEV, 9] #E 440] f-olt 9182 Hof 33111
iAAgo] Sl 18] 3 BHAIg COPD wollAle Roldt AFE S7HE SR1E ATH,

olFA MEA EFE 15 7€ GOLD 0 (357] 42 AARE #7152 ARl 49 &2 PRISM
(Preserved Ratio Impaired Spirometry; FEV,/FVC = Ao A|gt, FEV, T} FVC7T A E 0] &=
Z3S GOLD 157 B2 E vasE ™, GOLD 098] Axto] COPD 7FsAol Sl& #+o& ER &1, PRISM
9] Auk2 COPD7HA0] s o2 F-7E1, PRISMO] 1/3-2 &A% COPDE H-75 ATt

3.28

21lo] Y= SAfAIA COPD7F A HEfete I B4, 724 ¥
5 ARt gelofet 7] 29t
oAl &5 H AAY ASIE B A AW H w2

18 stal, Y Y 2710 RS0 S5, 15 H A== 7194
L)

A COPD Fol&= 587 T4 4
s}, ¥Rly} FsA HE8F £4S 537
upEbA, 4744 8 AF 7|9ko
AYEo| A s didREe 27
ol = 2 WS} g Aol AW %
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m New treatment of COPD beyond LAMA/LABA and ICS

|
S Etetn ot HgMEEHE 57|t

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.

Keywords: biologics, chronic obstructive pulmonary disease, macrolide, pharmacotherapy, phospho-
diesterase inhibitors
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1.M2

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
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Importance of lifestyle intervention in chronic obstructive lung diseases
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Asthma and COPD are chronic airway diseases of a multifactorial nature in which several genetic and
environmental factors are involved. Among the factors contributing to pathogenesis, modifiable risk factors
exist such as smoking, nutrition, and physical activity.

Diet contributes to the development of chronic obstructive lung diseases and disease control. Healthy
dietary patterns such as the Mediterranean diet or DASH diet reduce COPD incidence and are associated
with improved asthma control. On the other hand, unhealth dietary patterns (Western diet) increase the
risk of COPD and asthma exacerbations. The mechanisms of dietary effects on chronic respiratory diseases
include antioxidative properties of certain foods (vegetables and fruits), nitrosative stress related with
cured meat, and anti-inflammatory properties mediated by short-chain fatty acids produced by the gut
microbome.

Level of physical activity is reduced early in the disease course of COPD. Physical inactivity is associated
with worse quality of life, increased risk of admission and all-cause mortality. Pulmonary rehabilitation
reduces dyspnea and improves health status and exercise tolerance. Sedentary lifestyles are associated with
obesity and asthma. Obese asthma patients have a higher risk of exacerbation and poor asthma control

than non-obese asthma patients. Exercise helps improve airway hyper-reactivity in patients with asthma.

Keyword: Chronic obstructive pulmonary disease, asthma, diet, physical activity, lifestyle intervention.
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2. Ao|(diet)
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St A w|REO] 95 Ao] HR7F draEe I oA WAshs T4 X WA Kshort-chain fatty acids,
SCFA)-HHEAH O F acetate, butyrate, propionate—~= inflammatory cytokine2] §/dof| #Jsl= cascade
£ AR 2R dS= AT Trompette 6= AAF4 A, 1474 Ald, ARHA 0= ARSSE oA
DgoA Y27 =EAA 7 =H5E AU v HEA| R AT} ¥ 2204 H5e] UH Y& st
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When should we consider the use of macrolides in asthma patients?
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Macrolide antibiotics, which reversibly bind to ribosomes, are commonly used for treating respiratory
infections by inhibiting RNA-dependent protein synthesis. They are characterized by a macrocyclic
lactone ring, which is either 14- [erythromycin, clarithromycin and roxithromycinl, 15- [azithromycinl, or
16-membered (spiramycin, josamycin, and midecamycin).

Macrolides, especially azithromycin, are known to have not only antibacterial but also immunomodulatory
effects. Numerous in vivo and in vitro experiments have provided evidence that macrolides modulate
neutrophil, eosinophil, and lymphocyte activity. Therefore, they can be used to treat chronic inflammatory
diseases, including severe asthma, bronchiectasis, COPD, cystic fibrosis, and chronic rhinosinusitis. A recent
double-blind randomized controlled trial demonstrated that azithromycin is particularly effective in reducing
asthma exacerbations. Thus, the GINA guideline recommends considering the addition of azithromycin in
step 5 of adult asthma that is not controlled even with high-dose ICS/LABA.

However, the long term use of macrolides requires the emergence of resistant bacterial infection to be
taken into consideration. In addition, gastrointestinal side effects, such as diarrhea, are common. Therefore,
the long term use of macrolides requires careful selection.

Herein, the mechanism of immunomodulation of macrolides, their indications, and precautions in

patients with asthma have been discussed.

Key Words: Asthma, Macrolide, Anti-Inflammatory Agents, Exacerbation
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1. M2

MacrolideZ] @*3Al+= macrocyclic lactone ring& 2§kl il 71 30 et 1428 (erythromycin,
clarithromycin, dirithromycin, roxithromycin), 15Z®(azithromycin), 183 1628 (josamycin,
midecamycin, rokitamycin, spiramycin)2.& 2FE . MacrolideZ ZAYAI= HlH2] 508 g H£of 714
o2 ZAglslo] RNA &4 il FAJS Ao 24 A(Bacteriostatic) A= YEF O, Streprococcus,
Haemophilus, Staphylococcus, Moraxella®t == 587] 734 2] &3t YRItolY Mycoplasma, Legionella
oF A2 v P E Y ¥t Bataol7] wizol| T&7] Aol AT E5HA AREE AL Q= A0
P, A% macrolideA] FAYA= Altolle] T8 2-gol o= FASHE(ES], 7% dF), T84 24,
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Al ZHZ 2|8t Macrolide?| -2(FHE0ET A U 7jo|=2}9l)
A= A AFoA Macrolide?d 2Ju] &= G35 S A7 B &gte=d], ohet 20134
Throaxol] E11%H AZISTAT ol w2 5354 A 8kx}of|A] Primary outcome®| Q& F4 2ts) SHofA A
A EAol| A= 2T Azithromycin TR 7o) 2po]& HolA| Zotgl o, BlaAkA] HA| 0= SHFSH3L
S o 9Ju] Q= FA oksto] ZkA Ayt Yebgthy B skt A9 20159 Cochrane reviewol] THEH
BFAE|E0| 7 B Rt HA o), HAY 2AE, HA9 419 4, W75, UFTRIA ARGRIE 59 SH
A FHAA AFHES BEole AR o AE BAFHOE o5t ol& Uehliz] Fotck. 18,
2015Q97HA] 9] thE-E9] A= A S, &9, &, ARE7IZE 5o thefsto] HAloA 9] macrolideA| &
A9 852 B7Fot=dl AT QQIHE E3SE HE Aol A 671 ol AR & BItE wgsto] 7T AR
A19] &) A= ERIE &= Lot

oj2|gt ¥iF oA 20179 Lancetolli= H| w4 H-2 SAfof A & HARIEH o|FBHSA R A7 B
NEAUCHAMAZES study)’. SUAH R0 =0}t X444 WA 9] ARgol| = Eotal 2EEA] Gh=(Asthma
control questionnaire (ACQ) = 0.75) 4] 2EE &9 vjsto] 213792 Azithromycinwd} 20779 2] o
F99] 47 SEEQT, 4857 FoF 9 TSR Azithromycin®] £%¥2 5 33] 500 mg FoFst¥ch &
Aol A= Azithromycinatoll Al 487147 S 23ke] W1 oF 4+o]d 2| 3of| A Wi §-23h 541 Ui,
HA 2AE(ACQ) E H7| A E GA] 9ou] Q= 542 e Atk AMAZES study®] tidex=te] 42 4
HEH HEAY 60A 7HFe] vlad uo] kat, A-FA|S 29 kg/m” WLIR HITEEA7} o] 3=,
B ACQG 1.5014) 181l 11-&5F AH|E0| & ARl 85%= HiF 55 H4]o] 5= AW AU

AMAZES study ©]% GINA Zto|=giRlofA= Al SRboflA, 187 FAAHZO|EE ARSI SA4ol
AR of= 55 4] B4 F 33] azithromycin 852 Evidence B2 F35kaL Qlot. T3 F ol 67
4 oA AFESIAS A9 AT St SHEIQ7] W] 671€E oA AFEE AL AskaL AT ERS/ATS
7hol =21 HAT GINA step 5°%= o A5] SA4f0] AEEAY 2AEA] o= 4?1 A 2tsto] Macrolide &
A AHE-S Farskar Qb

o
1>

2) Macrolide gHd#|e] 7| =oj|Me| etHF=1te| 7|
Macrolide @AI7} 71& f&] avE el 7140 disiAs dARE 2 A7) ]ich SRpoA
9] A= M4 B ofzt YA 495, 71ERAEAS, T EAAE A 5] thofel Aslo A FAF 2Ho 4%

< HojFS & ofuzt 7| EA HA A A5 FAE FRIstlon, o]Q]of Al A 9 FEAHAE
[L-8, 35, SARE 9 SARE vi7]] 24, THIZ Al EZIRL, AN ik, 7|8 b2 dE 45 A4E S
g3t B AFEo] KU, AR HEst FAS 71HS dYH 02 of 7157 ol FANE the3 e
717E0] BgH o g 283 7hs/do] =t

AR = Macrolide A0 25t 71:9] tzrgolnt. QA AF5HE Macrolide A= Streprococcus,

Haemophilus, Staphylococcus, Moraxellas 3714 w50l A7t4 02 2-8sh= 7107 A& A Qr}. o]
23k Macrolideol| 23t H+t 2-80] U= 8 Ald=2 B2 o= 7% 9 sp7] ko] galsto] 24
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U= Aletolal, o3k Alte] iRl S717F sh71 ] vbd d5o] HQlo] Har, Ao iy, S/t A
go] 9l&°] 16s rRNAE o]-83t HEtAw AlEA 7|99 nfo]A2utol g ATES Bafl I At A4
AMAZES study®] &+ 34993} Azithromycina® 2782 7|A 9} 4850\ Haemophilus influenza® %<
]JT_OH £ 1 222 A9 Fojult Mot gloy Azithromycine M9 Foju]et 44t yehute A2

QASFATH?. AldtE of e} ol g3te B1H HE7E Qe 7= AujA 23] MacrolideAYAIE A
192 W type 1 interferon®] H8]7} Z715}3L rhinovirus®] 54 Y= @7 B s Ao,
FRA 7184 AR Ao Aghol] a3 Y= 0= ot ALolA Toll-like receptor (TLR)
9 Tyrosine receptor kinase (TRK) AgZo] thgt A @17} Qo= B 17} e, &35t o]t Ao dg
Aol tiet A A7t macrolide A7} 50s F|E &0 710 S017F JAE 5h=0] HDACO|Y chitinase &
I 22 g Ao 213 Agstod] 047*1]5 = 835 YePE 7]4o] A7 & s,

oA g o 2 A Alte] Hsto] mhE FdFaolnt. B A= FUiAlRte] st 83 FFS
A3 G Al FA] 92 =9 Eﬂ‘?‘%ﬁﬂ% Z243ho) w2t A5 240 F83 JTZ of= Zo| LA Stk
Azithromycing -850 & ufo-A 4] Bdlo] 2o451%9-S W] Lachnospiraceae, Ruminococcaceae2} -2
commensal clostridia”} ZA 7151131, AW opAE|o] EZ} F7etgint. 3t o] Z A H3kE thH-S tHA]
o o]AE &5to] FiAleE HSHAX] uRe-A0f HAS Frskle o YRl HARE R §F50] F4axst
A, AA A g A azithromycing £oI3 o] & AAle] HstE Hoj& A7t} glo] AA] H2joA
G- 5= &FolA ol2fRt 7| o] AEshaAlE A7 o ROl A] kgton, 12~36714 2] 4] FAF 540l
UERd Aofoll A 3479 azithromycin §£oFelal 255 AUWA|H-2] WSHS Bk o] Havonifractor, Blutia,
Clostridium XIVa2} 2-& commensal clostridium®] &718tth= 237l H 157 & SFTHe,

S

=l

Jﬁ

i)

Ol

3) AlA| Al 210f| A Macrolide x| AFRA| EESH 12,

125 F95a7 2 2 A" Al dAATE B9 59E 13T g MacrolideS HA]oA &85
£ 5 0tk stAEE YA Q] 717 ARE T2 kA1) el SHAI7E Ql o g oFAlE AMEE uff Bt 4%
o1A AR " g7t Qlet AAoA macrolide IAE AREE wff T3t 22 71491 Wgof| tist 1efrt 2

A F2&e] gt aeoltt. Macrolide @48A|19] 78 &3 7282 H18A F4H82= 53] 24t
o] B8 tiF-22 AdA7olA macrolide@BAONA S5 Uehbs 7280t E3F tiiEe] A
AN SRS d2LF} Hlwste] SAZ R Fofet S7HE YA e g3tey J8 24 QTc
prolongation®] WA 4= Y= FAIRZ o] thsiAl= oAl ARG Foll mUEFo] Basitl. FA-85 7t
2 e} Qs FES A YR o] B oItk AMAZES study®] 71 AlF 4] dFolME
erm(B), mef, ter(M)Z} Z-2 WISHA} e FolalA 57151907, S48 RE @50l azithromycino]
WdE U RATH?, ofal} 4okg dhito 2 671Y HE 0 azithromycing A2 o34 Rolg @ e
ATOIHE 6719 7129 18] Foluto R E ciAlU Tl t2at vl@slo] F7kske Aol ekt Fol)
2asie”,

FHAE H2]9] ofgo] & lololt}. 20199 H1E HEHEA =Rol A= AMAZESSIT9} AZISTAT &1
Z4 02 azithromycin®] E318 BIISIRTHS. o] Aol A A H4] fAjolA F4 <ste] a) 9}
7, 34 otse] AR PES g%@ R, JYAR, AFLAHROIE B, YA BGOR o] BIHE 1
A B2 Aul o]u] 9l X}o]E Kt} sFANF TAMLA A AT} H| SALA Z4Jo] 11 QkAto] thEri=
gelsigich. & B4 AANNE FAB|RI= B80] et dET} AT, A 3749 o)k
67100] ALTA T a3} FERAIA7] AZEIich, SRl HLEATA AAGIAE A B8 oMES B
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RE G5 YErlou AR AT th2 A 4871l 7 ASE
Haemophilus<F

72 3h#2k8 0] f

ET olWl—o

7 48], WAgel S0 1 T} vujsiA L, T4 WAL RA5H80) Gt o S 48
o]a, 43t 6714 ol ARESIE Wl L axrt on] QA vehdths 7HE= el & o A
ARiAl= 919+ 22 A5 HiE 0|20 macrolide®] ATHE A& = U= HHE AH7}F USA| 0 gt F-2o]
o, AR HA] SRl oFAZEA) ENE A E3 4 Qe AR 150 et ARE 95 4 Uk A7 9
Table 1. Guide for azithromycin of British Thoracic Society 2020.22
Asthma COPD Bronchiectasis
. . - 2>3(> 1 severe,
- Symptomatic despite o .
high dose ICS hospitalization) - 2 3 exacerbations
igh dose
o d ) exacerbations (12month) (12month)
Identify if suitable for — 2 1 exacerbation . ) . o
, i - Diagnosis, adherence, - Diagnosis, airway
azithromycin therapy (12month) _ ,
) , technique, smoking clearance, pulmonary
- Diagnosis, adherence, ) I
. cessation, pulmonary rehabilitation
technique check N
rehabilitation completed

Absolute) :
¢ , ) (Relative):
- Marcolides allergy Heari bal b
- Hearing or balance problems
Contra—indications - History of prolonged QTc (>450msec (male), g P
= NTM history

>470msec (female))
- Active NTM disease

- LFT abnormality

If bronchiectatic or clinical
concern of NTM infection:

Baseline ECG, LFT

Safety checks before
W Standard sputum for
starting therapy

baseline culture if possible | exclude

Review concomitant
medications for potential
interactions

Gl upset, Hearing and

ECG: 1Month bal b
alance problems
Monitoring during therapy | LFT: TMonth, and every P )
Standard sputum culture if
6Months

possible

Medication review for
potential drug interactions
and QT prolongation

Azithromycin Azithromycin 500mg thrice
(250mg/500mg)thrice

weekly for 6-12 months

weekly or 250mg daily for
6-12 months

Start Azithromycin therapy

Azithromycin 500mg thrice
weekly or 250mg daily for
6-12 months

Exacerbation rate
Review therapy at 6-12 Symptoms
months

Medication review (interaction)

Sputum microbiology, NTM growth

If therapy continued
Decide if suitable for Perform individual risk/ by ) o
, , ) ensure ongoing monitoring
ongoing therapy benefit analysis )
and annual review

Consider treatment break
for 3-6 months each
year to reduce treatment
burden (and possibly
reduce microbiological
resistance)
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%z_ “golct. AR e 7= Agl T Ao M o TS A EH Bt 11359 gaf, Bl FAA
macrolide®d/34|9] E3171 H %‘RIO S 2hQIgh vl Uk, HZ Tl o= 3 b w4 g w| d ol A
o] Aol A 718A] 5ol FakE SEApollA Bt o] Qe §4 oSt g adE A5 vt AN, A
JoIA &= of= et 75 Farste] E} ANAY 4= Y= SR ARE Fo P A7 B Qs

upAEre 2 FAgetetel A &3t -85 macrolide@ A0l HaiA= 20161 19978 2] SAE 7219 HY

_|>" o > rlr‘

#J3ke] 327k azithromycin 500 mg& FORF A77h BsIgn”, g Aol MY SA4, 4o 4
oA oJu] gl AT SRIT 4 Yeon] o] vl WA W4 FHokRIAE macrolideF RIS
H 3ol GAR|) AL 1 27} gl
3.22
Macrolide 344 @A) HAoIA 1§F0] EY2H RIS AFFNE F4 28o] H Y34 o
312 S A4 oI the ARE BEAR 5 Ak AR shfolth. FUHL HFH UL F 38)
500mg %69 Wil H: 674 o)g] FokE 2 1@6}9;% o) ofn] Qs WAFEAE 7T 5 U AL
2 Helth, Tgols B, g 0] 2%, ST B4, LN v|Re H8.02 skl 1 A48

Fo7} W Qs AREA] F9 W HUE o] "4101'01 Brltlsh Thoracic Society 2020 7}o]=&t1E vigfo.2
Table 19 918, A2|3tATH. Macrolide @AY gt 2] A1 9] ARgof| thafjAEs o H3] B2 A7t =g
St Aefoltt. shARE o]2Ijt k=3t §A] Macrolide @A3A 2] 1A SHAIE S5 5= = Hoh 42l oFA|
O 7gof| gt ko] ZEA 0= B Qsirt
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Who can get the most benefit from triple therapy in Korean asthmatics?

ME SEHSUEH 57U 27t

Muscarinic antagonists, which were already used in the treatment of asthma in the 1800s, have been
mainly recognized as the treatment for COPD until recently. As evidence has been accumulating that
cholinergic signaling plays an important role in asthma pathogenesis, muscarinic antagonists as an asthma
treatment are receiving attention again.

As Tiotropium was reported for the first time among LAMA to improve the frequency of acute
exacerbation and lung function in asthma, the current guidelines recommend tiotropium as an add-
on treatment for moderate to severe asthma over 6 years of age. Since then, triple therapy using LAMA
preparations has been developed and used in the clinical field. However, evidence of its effectiveness in
improving quality of life is lacking.

Triple therapy has been attempted mainly for patients with moderate-to-severe asthma, but there is still
no clear indication for which asthma phenotype can expect the optimal effect. In large number RCTs that
did not exclude existing asthmatics, it was reported that the use of triple therapy in COPD patients had an
effect on the reduction of all-cause mortality. Thus, asthma-COPD overlap (ACO) can be considered as a
good treatment target. In addition, a benefit in the T2 low asthma phenotype, where there are not many
treatment options to choose, are also reported. In contrary, there are results that reduce outcomes such
as acute exacerbation regardless of T2 status such as blood eosinophils and serum IgE levels, so further

research is needed to select a more suitable patient group for triple therapy.

Key Words: Asthma, triple therapy, Long-acting muscarinic antagonist
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AXL 717 55k AR AAAA = oF 26597ty o]}
9] S50l HAZ FL U= 7/‘193 FAES HAY SA 24, 493 aa o] M ARl AR
HIE T Yot HA ZAgHAE 5 9F 10-15% ol sigohes A o] 2eh A =m0 A&t 50 T4 24
of =EolA] Ko, ol2gt FAES 3t 22 WA A ZA9] 285 A&H 0 F Qlojgitt. T 104 Afol,
tiotropium= A12F0.2 LAMA (long-acting muscarinic antagonist)”} 24]9] |52 G315 =o|= Zlo] B
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L 37 839) o 22 w5 QA wak, A2 A o2 A%t S thete] @AM BEE ofe] AUES
Aefal s S,

2. ==

1) 0|22 bl ZF

=7 W 9E 3 (nucleus ambiguous)ollAl 71A]5k= Fugh4l73-2 v54l%(vagus nervelE AR5t &
210 & postsynaptic nerve ending ©| 7%= AHn ¥ 7% A EELo] F&2 Y25k ol Nerve ending
oA EulEl= Bt o] A4 AFHEEZR acetylcholine 2 FA7F =8419] thA7| o} (M1-5) &
M1-35 53] 713445 2 HYAY Bu] 2-o] F2 Fojoh= Aoz L&A QrP. 2y W49 49 7|
W HIREAIE, SARE, T |2 59 Tt A5AI1EoA Exlshs ARTIRL, Al E7IR] 59 A5 Wizl &3
& QI8} acetylcholine®] &H|7} HI§/JH 0 & F716HA E|HA Hughil7go] BEstA A=< Hof A 49 &
8 e Al 7= e, HAA 71 S7FE 7% AP0 S VA= Ao B ERF 22 W F
< Wi7iE4o] S7tste] 417 220] AUAA A= B2 B9 417 222 AAR 25 QHAsH= 7
(plasticity)& 7Hl= A 22 LA =], o]t EFC& sf 7|= W F w4179 nerve ending 71 5
7FotAA B A=l gk 417 A Al5.9] Fwrt S71Eo] 71e TIgol] JFS = Aol RIS, o]
23t A2 R4l Ao 48 Agof Hoish= FAZH -84 AAAI7E A4l A mA 2 s 7|HsHA
Sh= 0|24 ZA7F H U

¢
9

I~

>

)

2) 2|2 &3}

Kerstjens 5°] 20124¥ FYJZHE 2849 (The New England Journal of Medicine, NEJM)]l ICS/
LABA EQHAIE ARGRol= A7t 18] ol 54 I3tE A ohe A4 &4 91282 WAL= tiptropium®)
Z7kelo] 197 325 2 G443 Y= 2 1%27F A S7]3K(forced expiratory volume in 1 second,
FEV,)°] %95 s 232 HHATH, o]F ICS/LABA B340l LAMAS %713t 34 2¥Ho| of
oF W2 ATt Avpso] WHEHA 2= 20169 GINA (Global Initiative for Asthma) 7Fo]=2FRIofA] 5t
A AFZ tiotropium < F7FeE 4= th= vt 271E 1o AR tiotropium ]9 glycopyrronium,
umeclidinium¥}t 22 o8] 72 LAMAAIAIE 71 &= Sli= A2 & At HAE I §F 71A] Aol {2
tiotropium®] 7-¢- 64| o]43<e] AokRE AREo] 7h53t HH thE LAMA AAlIE2 B5F 18A4] o]/4e] AJRlIofA
B Aol 7Stk

ICS/LABA 24 83} ICS/LABA/LAMA 34| ¥ 9] X 54 835 H|woh= of2] AF-50] L HA] o]t
AIES ST WERE A Aiso] HHE I 20184 Sobieraj 50| nl=JAFE 3] A9 (The Journal of the
American Medical Association, JAMA)O] ¥3E3E Ao A, 15709] F2+9] 2 A48 43 23 LABA
of Bls LAMAS T2t -9 FEV19] 7142 QU3 out 43 9] IR =S AaA7l= Hle foeh a3t
£ Ho|x| FoktP. 284 2021 Kim 5] Z-2 sh&x]of 2HEst wiel £40 A= #7152 /AT §A 55
FAAs BBE FooHA TAaA7E ATE BT, F B0 B 34 QHLS 249} H|1 A] 4 7i4do]
u4He] A AT A siA = TR A HolA] 2tk 22 df Rogliani 5 ¥ 2871 A'd(European
Respiratory Journal, ER)) o2 ¥ 2] 23 A A=t 34| 8¥-2 2419} v A] 55 J-52 34 9
AL O] 749} FEV, 0= = H|7|5 7iAe] fofet 83k Elltk= Holli= 58 oH $655-55 &
goste] o] 1185 ICSE Fof vk wHollA] 71 Wtk A2 ERISHe 24 ICS9] &3] A& Ao 58
S 9 AEH= A3 Bugty,
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HAZ shte] Aol ofd theket 713 @ P o] EA =] Q= A¥C R, 37 |87} ojuet REF
A Y B QA ERIgE A5 ERE T A Afo] HREQIT 7P tEAQ BP0l 5 e T2
high/low E@g3} #& 20184 Casale 5= JACI: In Practice Aol 4709] T2 2 AolA EF
% IgE 5 9 ¥2EY F A $5 7|F09 2 T2 high/low & W+0] tiotropium®] X|& &3}of 2}o]
7t A=A ERIF e T2 statusoll 4331l FEVI 3 F44943} e 740l /23t 835 Holth= 23&
R, 20219 Lee 59| Lancet Respiratory Medicine A'gofl ©#3t Ao 4% fluticasone furate/
umeclidinium/vilanterol 3A9] F2Fo] fluticasone furate/vilanterol 24 FeFtof| o] & SRl tof A
FEV1 o] f-2olotA| 7RA= Rl om 11-85F9] ICSE T2 TIEolA S44e7 Aadled, 56 94x28Y &
SAS T 97 AT Z71E 0] Qs T2 highwollAl 1CSe] a3brt F35kA] deRdey. H4-1hg)
HHAg FE(asthma-COPD overlap, ACO) ¥ X< Park 50l 2Jsl] =tjolA Al T AollA 3
A 8¥2 24 83t ¥l A| FEV, 0] -2latA] /iAo FAgetst dAiolls 2 &fol7h gl 11 9 24
Aol A, AEFA S, AR, A, AT 5 o2 A S0 digt 3A el a79] ApolE EAFH oY
LAMAS] F7F= 729 A3 E493 2 Agle] 75 7iAd 4 F4<4s A8 E Aao 3484 2 =
Ch= Avhe 2 uf Qo2

3) 3#| x|= =310]| et of|= QARE

PAoNA A=E Al=staAt & off A =2 gitof] gt of| &2 Fa5tthal stk 18y obF] 37 |59k &
A A5 JGNE ST 5 AUs FE IAE A= D2 HA 3 JH =, A2 o] A8 1to] HE ]
o}. Singh 5= 2020 Respiratory Research A'dof 2702] F2+] tj 2t A+-of| Tt ARFEA oA =2 7]
T 7F94(>400 mL)yS Holi= SAFolA 57928} Zhae] thgt 34| 8§ a7k ¢ 7|de 4= dvk= 29
HEFOmS, 20189 Cheng 5ol B 7|l A AlPet T34 BAS 55 EF F IgB $A171 430 png/LE
He 739 LAMA £719] 237t gojd & Qloks A7E B g vt 9ok

3. 42|

@A 555 o3 A4 SRl A A=F AL Q1= ICS/LABA/LAMA 34 8 -2 At Axult ZJol= glovt
w75 A B F/9etet B fE ol 344 9IS F= Aoz A 34 %2 T2 status R
71 9] veket VA S0 FsHA A=A avE VdiEl & 5 e A2E A=Y T2 high status©] 319
She - 1CS9 5 A2 I3k Ao] 94%tst A4 5 YA A5 iAol S85HlH. 34 8%

o

o]
o o H“
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A/} Chronic cough: how to predict refractory cough and then how to personalize the treatment?

o>
o

SACICH MZ0pAHHS MAI-COPD MIE| 222 7|LHat

Chronic cough is a globally common condition with a significant impact on quality of life, but effective
therapy remains an unmet clinical need. Refractory or unexplained chronic cough (RUCC) is more than
a persistent cough; patients with RUCC suffer from debilitating cough for several years and are desperate
to seek for a diagnosis and treatment. However, they are exposed to a variety of diagnostic tests and
therapeutic trials, but many eventually find themselves helpless or dismissed in the healthcare journey.
At present, only a few off-label drugs are available to manage RUCC. This review aims to overview unmet

clinical needs and emerging therapies to improve clinical outcomes of patients with RUCC.

Key words: chronic cough; refractory cough
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W17 (vagus nerve) 713 RHA} B]= sfReha] Zaro] 7]dksto], 713 8 el A
= , SAHE 71BAS, WY, e 9 Ag 52 AAZ s Akl Awske Ag A2,
ol FHE SN g ZrEZ ol REG, sttt 20009 St ol A4 AEE
of, ol2iet Xk LR EFL THI7]IH SRR 10-40%0A4 Q1S AstAL 714 sidshFA] Zatr. ¢
2

HA] = w712 AR GAA E= YA vAte] v 7] A (refractory or unexplained chronic cough;

ek o]23t 71H-L 109 oA A &HE A7) Esld, 337, D], 3, AEHA B
WAAR] A3l 71 wzto] 47 fEEle 0] ek @& RUCC Bke Aol ot Dg% 8 £
SO, A = EA] ohs ofEe] B8 oo od =3 S 2AIS Ao, AA 9%, 2 2, 7
93 55 Aok Yok wWekA RUCCE A1 et A 7j4do] 245] Badh ﬂlOlE}.

RUCC B2 E A+ 4= = 4 A 22 ofF glov, A=A QA 2 713 ghAtol] thgh 41
Bt A+ S HEigE7E FASkE I it Ad A2 (1) 717 BHAF 41733 = 9] w57 (hyper-
excitability) &} (2) 541734 713 JA| A7 3|2 9] 7|5 A sKimpaired cough inhibition)°] RUCCS] 8
St A E 2 ZHEE AL Qo RUCC 8k A73-loly H1E5 THd7]3 $ixjof| nlg] chefet I3 2=
7130] S 2ast, Aol 5 71 RS YAl B B2 713E sk, 7|3 AAIske 7150 A
afE|o] QI

RUCC gAoAI= 713 §hAF A3 = 9] I8 285t oF2 AYstAY, 71/ 94| 762 3=
ohe P LS AT 5 AT 9ok dix YAEES B0l At Y5 ARHOEE morphine,
gabapentin, pregabalin & 713 41724 2&(cough neuromodulatory drug)¥ /" A& (speech
pathology therapy) & HI2FE 7|3 249 5o o}, siAut, H|okE 2|22 ob4] gh=-g Zgloto] e
Hetol 713 A tid AE AEAPE fiek 183l o]& A mokE2 BT RUCC HEAEE ¢7] Ao 484
o g gitE IEstAY 45t AGAIHC] AIQYEQIH R, S EFE0tH FARgo| HIHe A7}
At

A =W RUCC EAoA] Alesl&E & = AWA eFE-2 codeine®|th. Codeines> morphine?] A--2F
(pro-drug).&, tjAgof CYP2D6 342 Ho] FgFS ¥FOo B & morphined] H|8] A& &7 @ F2-&
o 7RI HA7L et o]t o] &2 F= SollA= A8 AW morphines ARESHIL AR, o=
codeinette] 713 24 H& 02 A5 7H531t}°. Qu Q0]E AY ke whY 71 8242 30-50%01 41 A3
ojt}. A& §FgollA= 1Y 14 Ak 4F 22k 7[3o] & 2HEZ Attt Codeine £o] & 3= 15
o= #WiE Ho|B g, 25 Fof & THo| Qle SAAlE S8 ettt @7]H 5= WH|, oA &t
0] 9 40% SRt A =T, 7] Aol o=, A A2 A& Aol & F2H8o] gl= Ao
2 Hoxut A o 2 &7 B8 FA Ao thot 7| Jol At

Gabapentin RUCC &5t H55 &4} 5ollA 713 /A a7t A AFAIE7HA] 2 =A E oA
=, 300 mg &F2E AlAsto] 15 A 0= 1800 mgZ7HA| S0k WO R FosiE 4= Qlth. sHAIRE 40%
oo Al oA &g, 23t 5 A7] oj# Fahgo] Yepng o5 a3t} Pregabalin’s 75 mg 8%
07 Al&sto] o] A4 At 300 mg7HA| SFohe ZREEZC] Al 5= 3o, gabapentind} fAISHA
S A F2Rgo] HIHg Ho|oh’, 7|1l A4 O 2= gabapentin, pregabalin 45=9] ZEAjof| A4t
(10% ols}h) 2+ thu] 371 Q= =5t

Amitriptyline2 10 mg qd hs 8822 A|2}6}H, gabapentin, pregabalin thH] WeFido] =3+ A4 x4
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Aloltt. 7] T A &5 714 SRS e & codeine S Bl w3 YAFAIR 0] QITP. SkAt RUCC 71X
2o A E3F A F Z2E v glon, 77 3 A&EHA| = o
=, T, FH| FolA= RUCC A flsf /i S99 ex=7
= AH 0= 713E AAISHES 510, 7|30] 7]’9:% o= e S0l F ﬂ%’g}% 63%3‘?501‘:}. Zt
& 718E obF] A H o= B Al vt glov, S5A1AY] 71X A 7152 I &St Ae v AR 5
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Z5°] AlAE o YAF o R 73S JAoke 7eE SRttt 191, A F Fe 50 tigt AEHAS
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Particulate matter (PM) is a global public health concern, and it affects entire cycle of our life. PM
increases the risk of preterm death and affects lung development adversely in adolescents. After middle age,
PM increases the risk of hospitalization due to COPD, morbidity, mortality, and exacerbation. Consequently,
PM exposure shortens our lifespan. The improvement of air quality is the best option, but it is not possible
without international collaboration. Therefore, individual strategy to avoid PM exposure should be combined
with the improvement of air quality. The most current recommendations about lifestyles are based on
experts opinion without definite evidence. To overcome this limitation, we found six effective lifestyles to
decrease the PM exposure, which includes air-filter operation, ventilation though windows and check the

air quality forecast. Further studies to intervene lifestyles will elucidate the impact of lifestyles more clearly.

Keywords: Particulate matter, COPD, air filter, air pollution
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Current state and limitation of quantification analysis on chest CT

Chronic obstructive pulmonary disease (COPD) is a complex heterogeneous condition with various
combinations of emphysema, small airways disease and chronic bronchitis. Previously, quantification of
chest CT imaging had some limitation to use in clinical practices. In recent years, pulmonary imaging
technologies have advanced in quantification of CT imaging using artificial intelligence. We discuss current

situation, limitation, and the future role of quantification of chest CT imaging in assessing COPD.
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Lobe LungVolume(cc) | Xenon/vxi(avg) | Xenon/vxI(SD) | TotalXenon | VolumeRatio | VentilationRatio
RUL 1276.66 18.65 20.75 21813.61 0.16 0.24
RML 612.79 8.40 12.53 5146.07 0.08 0.05]
RLL 2114.44 13.74 16.87 29048.92 0.26 0.29
LUL 1510.69 16.69 19.39 25208.32 0.19 0.25
LLL 2628.78 6.58 10.50 17297.42 0.32 0.17
LeftLung 4139.48 42505.74 0.51 0.42
RightLung 4003.90 58008.60 0.49 0.58
WholelLung 8143.37 100514.34 1.00 1.00]

Figure 1. Quantification results of Xenon ventilation CT imaging

PRM Histogram Air Trapping Histogram

HU on inspiration CT

Parenchymal Axis (HU on inspiration CT)

1024 1% &00 150 © e
Alr Trapping Axis
TN Sp— (HU, subtraction value of co-registered CT)
Uncategorized B Normad SAD [ Emphysema B Normal AT wio Emplysems B W w/Emphysema [l Emphysema wjo AT

Figure 2. Parametric response map and emphysema air-trapping composite map of same COPD patient
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pYes

«’ . »
Lobe LungVolume(cc) lodine/vxl(avg) lodine/vxI(SD) Totallodine VolumeRatio PerfusionRatio
RUL 1584.74 21.71 11.37 2344541 0.21 022
RML 34145 28.17 13.54 8706.84 0.05 0.08
RLL 2052.2 2284 13.14 36423.12 0.27 0.35
LUL 1540.77 15.73 10.68 15856.44 02 0.15
11l 2047.99 17.35 13.63 19809.26 0.27 0.19
leftLung 3588.76 16.59 12.33 35662.9 0.47 0.34
rightLung 3978.4 2299 12.75 68586.98 0.53 0.66
wlLung 7567.16 20.33 12.86 104387.93 1 1

Figure 3. Quantification results of lodine perfusion CT imaging
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Hi 5782 w48 7= A 2 3] 9 IR EYA7) HEE AS H R Fasith 2YAE
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INSP

LAA (=-950HU) 20 % D-Slope -4.16
* According to the Fleischner Society Statement (Lynch DA, et al, Radiology 2015), there is no significant emphysema if LAA i less than 6%.

YU 2090
VIR (0

LAA Table
/ Regions Volume  LAA MLD PLIS
Az Whole Lungs 4T28cc 0%  -852HU  -964HU
Rt. Lung 2641 cc 20% -853HU -964 HU
Lt. Lung 2088 cc 20% -851 HU -965 HU
‘ '4v J RUL Bllcc 6%  -816HU  9T2HU
RML 3SScc  15%  -864HU  -9S0HU
Prees e RLL 969cc  15%  -8ITHU  -948HU

LAALS %

LuL 1153 cc 25% -869 HU -973 HU
LAA lS % / LLL 934 cc 15% -829 HU -948 HU

Rt Lung: 20 % Lt Lung: 20%

Figure 4. Lung, lobe, and airway segmentation and emphysema quantification results using fully automated
quantification software
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Traditional and Emerging Al-based Applications for Chronic Obstructive Pulmonary Disease on Chest CT

Chronic obstructive pulmonary disease (COPD) is a progressive dyspnea disease comprised of emphysema
and chronic bronchitis. Although spirometry is a clinically confirmatory method, quantification on
computed tomography (CT) is widely used for COPD assessment. CT images are used to visualize anatomical
structures as well as quantification of COPD. For quantitative analysis of COPD, methods for analyzing
emphysema and chronic bronchitis have been developed on CT. With computer algorithms, threshold-
based analysis for emphysema, small airway disease analysis using registration, and vessel alteration analysis
accompanied with COPD are possible. In addition, the recent rapid development of artificial intelligence (Al)
has made it possible to analyze COPD without human interaction by segmenting the lung organs. Al-based
automatic analysis of COPD is now applied in the real clinical field aiding COPD diagnosis and evaluating

drug responsiveness. Herein, we reviewed various analytic methods for COPD on CT images.

Key words: COPD, Quantitative evaluation, Artificial intelligence
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1. M2

YR |4 A 5 28 Chronic Obstructive Pulmonary Disease, COPD)2 7| =2} |32 9] o]A}o & 9l 7| &

off Agto] FA A&ARQ] TF7] TS Hol= Ao = HAAA AFLE 3910l sidshs =2 AFdET} DA Al

A9 3.92% 85 EtH. COPD| #¥ ¥ (phenotype) A FHEoA WA st= #1713} 7]=0
A WA Sk= THg7| A o2 LTt COPD+ #7115 AAKpulmonary function test, PFT)E &oto] 7|
A A AR T 127F 371%F / Y573 (forced expiratory volume in 1 second (FEV,) / forced vital
capacity (FVC))<] #]&o°] 0.7 v]¥kel F¢ COPDE XY, FEV, 9] dl&A(, FEV)ol et S5 £57
sttty COPD RS tiAato g2 AARTEEY (computed tomography, CT)& AYsk= Zo] F7] AAI=Z A
BE A= EAE, CTE &Y 2N COPDY =4 QI &3 B Hh € s A 5= WS
I 7Y S olom, H 84 SAeT A2 oA B B e d, ¥ 84 5 5ol T2 i 5 9
o] 1 f-8/90] IRI=Qtt. CTEALC = o9& JAF 7 COPD A&t 24 7«59 tget A+ 4dZ &
3l COPDe] R FE E40] 7FsaiFH. & FHoAE CTYAS o]83to] COPDE] A4 £A4E Al=st
AT =R v o2 A9 WPHEE COPD 42 3t Al 15A5(artificial intelligence, Al) 2-&
of sl 7]&starA} gt
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Figure 1. Emphysema measurement of a patient with GOLD stage 4 on CT. (a) Different colors in coronal image
represent different lobes with emphysema less than —950 HU. (b) Histogram of segmented lung. It shows that
percentage of less than -950 HU is 28% of total lung volume.
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(1) 37t (air space)
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Ut H7|ES CToA S48 27] HHo g, 7= &9 CTY/delA -910 sk & /Y (Hounsfield
Unit, HU) Bt} %2 g 9o] #7|5-S 7H & §Hgohs 202 AR oW, 11 & A4 YANE =8 A
T== 590 -950 HU ©]5t9] FA(BLAA o5, H71EAIS)0] H7]52 7P & whdsts A4 B4 Hes
AR AREETL T, %LAA o502 T EAE H|7]%9] Fxo ”}E} %LAA o5 ©] 6% H|5to|H H7|F 3
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7% rgﬂ% Ho} 2 :}E W02 X]4= DEHD value)o] AREEE=T, D gh2 of ] HZE0] A A ol
7} & #H71& 29 AH(cluster)?] AEE sl v o 2 H{7|&£0] 37] ¥ B E 75514 s}t Mishima
519 Aol A AAR1T COPD tARE W H71E (BLAA o < 30)T =2 F715 (BLAA o = 30) THOE

HFoto] B7ReE A}, D gho] H7|Eo] % oA HaE= A0 R HEH RN 27| 7S A& 78
St HPHolS A5l EoF & oA} 121} 314 TR 122 tAlo 7 35t ot d Lo Bix) 1=
o] 2] HAPNA BLAA o, D 2k, HI71F S2I4H 59 ¥skgo] iA FA IFH 34 #dEe= A2 |

IO BN, H7|F B4 D k9] F-84S HolFot.

COPDOA == 715 AT A-fotd e} tiAAE, CD8" 5 H5 AZEEC] F7lol ot Al78A] ¥
o] FA S7ret AR W3l Hol ©E vhso] A, 7|EW HF WHEoE Qs AR MM HEH Fo8
sl S71A] F717F wEAUZEA] Sotal 717 A&H 02 5] 57] 7Ha(air-trapping T+ gas-trapping)

o] BhAY5L, ¥ o] Tt A of7|$Ht. COPDE 7|5 Ak 71=9] 27 9] Zo]7} 2 mm v]viel &7 =(d
LA E)oA WAgo] H=t, CT7I 2= 342662 2 0.5 - 0.6 mm=E 7|5 Agto] WA¥st= A7 =g 2
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flowys 75, FEF,5 759t 152 AWTAS B oI5, B/I MLDE}F RVCas4 050 H1715:0] = tiAtolA H7]5-AA
A} 22 AHUAAE HoF9USS Bastey .

N=mJH 4 71 AR §7], 27| Y AEZ ol&tt 371 7k A= 043 A= B3l A
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Soh= 4 o] tiEA ol CT,,, F/delA A2 g1 ol&5to] 13t 371 7ha2 %LAA 456, E/I MLDO]|
[ooke 202 H7s AA B2 ATFAES HoFoHY. ol2jst PAF FeS o]-get B4 whel A
, 27| Gl A 718K 37] 7he S A H7150l 7118 571 7R 4 H A4 47

Agto = Qg 7] 7Fe2 1= o AR 94 A o8 H 2] 54 HIle} o] AR HIlE A7,
AFA o7 T 4= Q1A SHeHFigure 2).
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1, 7% Al A PRM*P9F PRM™™ 7t Atia o2 &9kd thal2 27 ALA PRM™ 7t Z713He Kol
°] PRMO.2 COPD 2&9] 17 HeS 2l &= = 7Fs/d& HoIFTH. Hwang 579 Aolds, &

-9

ox oY of

H'1 flo




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

Figure 2. Coronal CT images (a & b) obtained from inspiration state in a patient with GOLD stage 2. (a) Non—overlaid
coronal image. (b) Color overlaid coronal image of emphysema air-trapping composite (EAtC). Areas with functional
air—trapping analysis (fAT) are displayed in orange, areas with emphysema are displayed in red, and areas with normal
are displayed in sky blue. (c) Lung volume distribution is plotted on joint histogram of EAtC mapping. fAT without
emphysema, fAT with emphysema and normal area of joint histogram are displayed in yellow, orange and sky blue,
respectively.
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ATE AY JAro g Hglsl= 01—J—X]‘—5—E— 4830 24 17152 U= A3 %LAA 0502] 95% DA|gF
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(a)

Figure 3. Airway measurement of a patient with GOLD stage 4 on CT. (a) Airway structure is segmented on CT and then
skeleton of segmented airway is obtained. (b) Based on the skeleton, airway measurement is performed using integral-
based half-band method. Measured wall area percentages are overlaid with different colors.

N

£ Wty APA o2 ST 7t Uk 7125 S457] {9l FF CT A4 71=2] WA} A4S
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THFigure 3). AME WHER 7|25 SHTOEN 7|1% W] A7, WA, 7|= Bo] =/, W] WA, HA =
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=)

!
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a6
»g

Figure 4. Lobar depth—based pulmonary vessel analysis of a patient with GOLD stage 4 on CT. (a) Coronal image with
segmented pulmonary vessels which are color overlaid in red. The white line means the segmented surface at a depth
of 15 mm from the pleura by each lobe. (b) 3D image shows segmented pulmonary vessel and surface at a depth of 15
mm from the pleura.

(3) COPD9] 7]t 84
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7 2 = 3ol WSt § wEEY, 595] ¥ 1892 COPD EApo|AIA 7P S35t Fe= o
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Figure 5. AVIEW COPD of Coreline Soft with kernel conversion. (a) Standard dose CT with soft kernel image,
emphysema index was 24%. (b) Low dose CT with sharp kernel image, emphysema index was 28%. (c) Low dose CT

with converted soft kernel. By applying kernel conversion, emphysema index was 23% which is nearly identical with
emphysema index of standard dose CT with soft kernel.

2) COPD A5 2M AT E9)|0] 27H (Introduction of Software for COPD Analysis)
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olof git}. Doel 579 B4 EdolA # A £4S ol ohdst e ZaE]E(algorithm)ol 7|9kt 14
23 71 Aot Hek HAS Badolr] AloiA 49 4 71H, e E(watershed), 92 84
(connected component labeling), HIY<E A<, 7 Al 75F B8 5, 7|25 Edo7] oA 14eF
O 28 e B, FE X HE 5, HEHE BT Y3t sllAHHessian) 715F 8, 7HF A
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LUNG DENSITY ANALYSIS™
FUNCTIONAL ASSESSMENT
WHY IS FUNCTIONAL ANALYSIS IMPORTANT?

w January 15, 2009
e April9, 2021

Standard Clinical Assessment

SUBJECT A SUBJECT B SUBJECT C SUBJECT D

GOLD 2 2 2

FEV1,, % % 61% 2

Functional LDA

Normal

. Functional

(air-trapping)

Persi
(inc

Figure 6. Lung Density Analysis of Imbio. Lung Density Analysis is fully automated image analysis software. Images
show the parametric response mapping result and the report of Lung Density Analysis — Functional, courtesy of Imbio.

g Al‘:]'(Flgure 5)
Functional Respiratory Imaging (FRI)x= FLUIDDA(Z7]o)ol A e AT EojE2 X H7]F, 57| 7Hs,

7% 24, HE@8 24, AH JEE AlSSh FRIE 5719 ©7] 43004 #HE £, 7| £, ¥ 3 &2
< Yot 54 Wst AHE 83t 7|29 A, 7= ol A, 3] JHE Algeey . dAof 7|5kt 5
71 A1 5 D A Z o] 7Rkt FHEe HAE %73"34 BHEEZ AFet

Lung Density Analysis«= Imbio(2|=H)oflA] 7HEE A %]01 o]t}. Lung Density Analysis — Inspiration=
ARE o2 Heb ¥ S Bstal WA« 7|9kt {71 FHe} g A4 JEE FA i, 29 52 o

A8 PJLEZ AFUT Lung Density Analysis — Functional2 §7]9 2712 299 4= o1&ste] PRM
g WYL= AT (Figure 6).

VIDA Insight= VIDA®|Z)0| A 7jite AZEYo]24, AXE 7|6t JIE2 2 H9} HJS £dst g
ZA o 78ret H7)S HE, HIE AY JE}F 13 4 E’a‘zﬂﬂ Aggtt. AA| 7125 2D TEHE o

oAl AZHH 0 & Fheo]l & 4= i= StolH 22 Rhyperion view, tMPR)2} ZHEA HAS] A4 H7ME
{8t F4tok %(subpleura view)E Aokl 4&7]|% Ast E@.% A3t A9 754 =% (disease probability
measure, DPM) 7|52 A3t (Figure 7).

LungQ+= Th1rona(L1 ‘5_ S)olA LE AZEOEN IFA5 7|9 Ao = Het HYy, 7=, {3
< Bdotal Y Ao 719t H71E F e} Hd 2o o] gt HEE AlS3ict.

Slicer= SPHEM SR, NIHOA] 7IdE Q& A4 ZHF 02X o|u]|R] A3} A|Z5) 5 5 F4 olr]
-85t tjofst 7152 AlsSi}. 3D Slicer?] Airway Inspect I{7]1X]& &-8-5lo] COPD A% &4 7|52
A& 4= Sk Airway Inspect H7] A= HE £6HARE et {9 £k Xﬂ*“o};‘] ol 9=, F2, of
= 35Ecto] YAl 7Rkt H7]% 41 1139 &4 2aE A5t 7] A 7152 E3betal 9l
o] FWHM %4 52 4-&sto] Yotz A& 4 4= AUtk 3D Slicere= Bt A& A2 E9oje} th=A HAs
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Al Enabled Quantification Impactful Visualizations
Density

ags

Figure 7. VIDA Insight of VIDA. Image shows the quantitatively analyzed extent of emphysema by segmenting the
lungs and lobes. VIDA Insight provides impactful visualization views that are topographic multiplanar reformatted view
for airway and subpleural view for interstitial lung disease, courtesy of VIDA.
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