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n Current Practice of COPD Combined with ILD - View from COPD Expert

Patients with both chronic obstructive pulmonary disease (COPD) and interstitial lung disease (ILD) have
a poorer prognosis than those with COPD alone, When COPD and ILD are combined, to utilize a biomarker
related to ILD is recommended. In patients with combined pulmonary fibrosis and emphysema, the prog-
nosis of acute exacerbation (AE) of idiopathic pulmonary fibrosis is worse than AE of COPD, In patients
with combined COPD and ILD, PFT should be followed regularly and lung cancer screening should be
performed, In patients with severe dyspnea, mirtazapine may be added,
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and emphysema
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1. Introduction

Chronic obstructive pulmonary disease (COPD)$} interstitial lung disease (ILD)= A2 thE 5714 SHZ
o) Agtolrh, SR We} Fol o] FEA] rik factor 7HI3 1, o] WolHAE o] Hojuhe
S54SRkl Stk B3 o] el vl computed tomography (CT)7F ol Ao g Sl 7] 35 2k
A} ol WIS 91, 0] o} B Bola Qe WMol W o] FrhA gk o D
S 9] 2% Z7KsHe FAI01E olo] 3 reviewol A COPD B 2] s} COPD 847} DS
FHkelal Qls w oWl 54 Hol= Ao thal arEsial) g

2. Prognosis

Putman 52 Framingham Heart Study, AGES-Reykjavik Study, COPDGene Study, ECLIPSE Study®]] S-2%
325 o]83}¢] interstitial lung abnormality (LA)2] HI=E ZAFSISITE A A} 5 CTollA] LA A7do]
e 9= 2 study 2 o] Apol= Slglont 7~ o] HIE Hdtk 53] COPD $HAP =2 554
COPDGene© |t} ECLIPSE Studyoll M= ZA] 942 37} CTollA LA 278 Hth iLA7} i $hajol] H]3|
iLA7} = A= COPDGene Studyelld] APd 18=7F 1.881(95% A1=77k 1.1~2.8, p=0.01) =U}IL,
ECLIPSE StudyollX%= 1.48](1.1~2.0, p=0.02) =3ttt

Ash 5°& COPDGene Study®] CT ZH2E 0|83} interstitial feature?} H7|%50l X F3FS ZAF

i
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O
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| Patients with CPFE (n=85) |

|
- :

COPD AE IPF AE
(n=10) (n=12)
Rate of AE per person-year Need for IMV Need for IMV & ECMO
0.219 36% 13.60%
0.115
9%

CPFE=combined pulmonary fibrosis and emphysema, AE=acute exacerbation,
IMV=invasive mechanical ventilation, ECMO=extracorporeal membrance oxygenation

Figure 1. Comparison of prognosis between COPD and IPF acute exacerbation in patients with CPFE,

T}, Objectivedt CT #4249 toolS o83} interstitial pattern< reticular changes, honeycombing, centrilobular
nodules, linear scar, nodular changes, subpleural lines, ground-glass opacitiesgl 67HA] typeo &2 T3}t
Emphysema®t )= $ba}ol] H]&] interstitial featureZ} 720] FHHE Al= =& forced expiratory volume in
1 second (FEV)(%)S H.&Gov}, w8 diffusing capacity of the lung for carbon monoxide (DLCO)(%0)E .3
a1, 6EHeY AR)ZF Het 43.2 m As}Eo] JATE St George's Respiratory Questionnaire (SGRQ) 7<=
interstitial featureZ 7FR|AL Y= A}l Hat 5.9 ¢ =43l 82% F71HE mortalityS E.STh

Zantah 592 emphysema$} idiopathic pulmonary fibrosis (IPF)E SA]ol] 7}A]1L @)% combined pulmo-
nary fibrosis and emphysema (CPFE) 32} thlo 2 FAjelstol] st -5 F8iskit). 8512 CPFE $hA}
= 10%9] 3kxl= corD FAEE Aal, 1299] $Al+= IPF FA3E Ads)ict. 1 = invasive me-
chanical ventilator7} 2 Q3E 75‘—‘?-‘: COPD °1'§]-°ﬂ/ﬂ 99333, TIPF e}a}of|x= 36% St £-3] extracorporeal
membrane oxygenation (ECMO)7} ZQ3IE 743+ COPD 23}l M= 0%aL, IPF 23}l H+= 13.6%0ct
(Figure 1),

3. Biomarker

Cornwell 5" emphysema, IPF, CPFE 3kz}o] ] 228 0]83}9] inflammatory signature® ZAFFSICE
Tissue section®l|A] 347]2] inflammatory proteins ZAFI=H] IPF2} emphysema’} M2 T2 patterns

ok, SRR Su]EAI= CPFE 3k2}9] inflammatory profile IPFS} FAFSE Qg8 H.SJt). Emphysema
3z}l H|&] IPFY CPFECIA &3] IL-17A, 1L-13, MMP1, MMP13, MMP2, CCL24, Lysyl oxidase’} Z7}%|o]
Ut o] CPFEZ} emphysemaBT= IPFol| 717k A8HlS AAFsh= A~do|™, CPRES] VHE &l 9= A=
IPFe] 5745 7L 7] wies] AS /538 & & ok

Chiba 5°-& asthma-COPD overlap (ACO) $HA}Z thO 2 interstitial changeZ} &= A9S 28I
307 2] ACO A} 5 778(23.3%) 014 HRCTOA] interstitial change?} 2T} Interstitial change”} U=
2= OHA] R Sl H]E| vro7) BokaL Sdoko| Ekt) TSk interstitial changeE 7121 ACO 317}
A g2 St vlal airway walle] FAYA A FHIRE A2 LD F83F biomarker?! KL-6&
=43} Hok=d], ACO A} = interstitial change”} = 2EAFe] serumolld KL-67} 25 S71=o] et

v COPDY] £Q3}F biomarker?] SP-D&] 749 oF o7 ¥dl xjol&= gigich
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4. Management

Kitaguchi 5 CPFE $:4}e] 574 COPD E:xje} vl wste] Whalgict. 47749) CPRE E:Ah= 8219] COPD
sixje} vlws)] HgkS wl FEV, (%0)9} FEV/FVC (%)7} o8] 29kaL, functional residual capacity (FRC)(%),
residual volume (RV)(%), RV/total lung capacity (TLC)(%), DLCO (%)7} f-2JaHA] Sttt oF 71 vole}
Foloke] fefat Aloli= fiISols Batar, H|k Y Hl&o] CPFE wolli] 46.8%% COPD 2] 7.3%Kr}
FosH =kt COPD EzfollA]= 50%7} squamous cell carcinoma, 50%7} adenocarcinoma Si WFH, CPFE
TollA= 54.5%7} squamous cell carcinoma, 9,1%7} small cell carcinoma, 31.8%7} adenocarcinoma, 4,5%7}
large cell neuroendocrine carcinoma$ith, o] A5 £31s] B CPFE $Al= COPD $lof| vls|A = #H%+
A 93] 7] wiZell 71X #Het HRle] vieA] Fasirkar st

Oh /& CPFE 3xlo] FA431E o&8 4= gl <lxtol s AE AldEkaie). 2279¢] aejdista
T2 CPFE $A12 248k Ay} 7|95 322 gender, age, and physiology (GAP) H7} §430}3}2 o&38t
T U= ek ARSI 53] vhiEF 4 A Higto] FRhE B JAske] f1flo] 3,274 ST A
weba] CPFE A} 5 #|¢ho] R 7B9-ol= 5483 dojubr] ek=A] dds] dzs)jof ab, 357
A et JS A9 27]el etslel gk X85 = Aol dasit

CPFE 3A= B2 749- PFI7} obstruction A~710] o restrictive 475 H2It}, o]= H]Z emphysema”}
AERFE fibrosis7} AAAS] 7|50l FS 7] wlolc), SHANE 270l #H 75 A AT} restrictive
pattern®]g} A2l 37142 H71s 7AAL F23e] Faslth, COPDGene $A1E 5\ 2 st
Ao A 55 Aol H7]s A3} Preserved Ratio and Impaired Spirometry (PRISm) Z~Z1(FEV,/FVC=70%
& FEV, <8008 B 32} 5 35,800 5AF 5992 7Akll GOLD 2~4 ©@712] COPDE nFo] Uit

5. Pharmacologic treatment

COPDe} ILD7} combined¥ $k2k= shute] dgint 7RA] L 9l Safel] Blal dyspnead O Wol 7Hd g0l
=t} webA] $kx}e] dyspneaZ controld]] = Zlo] A3 FQ3)t} Higginson 5 COPD H: LD
7HAIAL QLo FA mMRC 37 ol Rl EAFE O & mirtazapine®] &35 7188h= randomized trial-& A8}
St Placebo ol M8} mirtazapine oA dyspneas 7WAAAZE = AT 7Fedo] Hol 35 324 oI
o] Alg=o] it

6. Conclusions

COPDRF 7FA|AL Ql= $kx}ol] H]al| COPD2} ILDE -§Alel 7HA|AL Q= $fe] ol g+ Eefait}, COPDS}
ILD7} combine®o] = 749 o]d| thd}t biomarker= ILD2} A E biomarkerE o|-83h= Zo] £t} CPFE
Sxfol| A IPF H/30ts} A Al COPD w/32tstel| Hlal o7} Liitirt, GOPD2} ILD7} combine® 73-9- PFTE
TR A sh HHHAE F71H o2 Aldfstoiof gith Sg<teko] Algh kx| 79 mirtazapine

2 3 2 5
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| 2t2| &= (Bronchial Thermoplasty) - A|2le| #11 8! =2t 2|1
=S A oA e] At 2= Y

OlM[H

The recent development of biologics has dramatically improved the treatment of severe asthma, but the
reality is that patients who are not adapted to biological agents such as T2 low asthma still do not have
good treatment, Bronchoplasty mainly aims to reduce the volume of bronchial smooth muscle by applying
heat to the bronchus, and demonstrates its effectiveness and safety through three representative clinical
studies: AIR, AIR2, and RISA. However, extensive clinical application have yet to be recommended, due
to limited indication, transient post-treatment acute exacerbations and no improvement in FEV1, Although
further clinical research may be needed, thermoplasty can be considered for severe asthma with recurrent

exacerbation who has no other treatment,

Key Words: Severe asthma, Bronchial thermoplasty, Acute exacerbation
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2 78] AL A9 B e -ﬂ%@' F= Sk feiuEtellx o] Akl sA=
AT vl=o] e WA SAE B RE Aoz Qs 1,800%F o] A W sovk 719 j<lo]
. 7%= 34‘1_94 —rﬁl o7 HE2 FE Bl T SEA R
TS AARIER, = o35hE sk U 2] daleo] ] 9% He-S X]EO}T— Ak,
w}a]r/‘i A Xq é?_ﬂ deEjote] sl de e RR o7 HES Sol= 1 “H a3k,
2ol AR Age FUA SHROI=AIE IXEo R she] S o] HA| & AT %«] HAE
S Xge] Hxel ‘2o BYaiE Aol 2 50| ltk(Figure 1), ZFJ—’ el Sk FUR HE
ol=s} 71EAIZ AN (betaz-agnoist & F3l o] 7FsSANE o] o= AFellw B8kl o] 4
AL 8T FUY ZHRo|=AE AR o] 2HHA] ol WA o|al w2 A3 3=
Sadta b, & 2-ER] o} sl (Figure 1)ol] =E3HH 7B 2H|Zo|= 22 omalizumab, mepolizu-
mab, benralizumab & =sH4 2|5 WHvto] Wt 2| 2ol Ik, WU, 1Y A, = 5
Fakgol Slar, BESH AAE 2 Aol Blgo] SoRkitt = FlAle] A AR Y date] 23
28| e FREAY A sovel] 77k 224 Falgo] FUA 8wt HolAa 2 AMEEIA] ek
Tk, o] A2l A @xe uF u) FF Aol it A2e g PHe wlg- Faska AlFsich
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adherent with daily controller

|

| Step5 I

Step 4 | Addon LA |

Step 3 idi | Refer for phenotypic |

CONTROLLER and Steps1 -2 s ntenines. : ey R
PREFERRED RELIEVER maintenance ICS-formoterol | EitHIEsps, i

(Track 1). Using ICS-formoterol Aaezzdied by o (L2 ezl ICS-formoterol ] Con?(l)der high dose :

as reliever reduces the risk of : ICS-formoterol |

exacerbations compared with . 1

using a SABA reliever RELIEVER: As-needed low-dose ICS-formoterol : :

1

| Step 5 |

Step 4 | AddonlAMA |

Step 3 Meidium/high ; Refer for phenotypic :

oo and Sep1 S opde e | ST

ALTERNATIVE RELIEVER Low dose maintenance ICS-LABA 1 - 2 € 1

(Track 2). Before considering a 'gaAléilgk;vnhenever maintenance ICS ICS-LABA 1 fcosr_\ifglr\hlgh s :

regimen with SABA reliever, | |

check if the patient is likely to be RELIEVER: As-needed short-acting p2-agonist | !

! |

|

Low dose ICS whenever
SABA taken, or daily LTRA,
oradd HDM SLIT

Medium dose ICS, or
add LTRA, or add
HDM SLIT

Add LAMA or LTRA, or Add azithromycin (adults) |
switch to high dose ICS or LTRA; add low dose OCS |
but consider side-effects |

Other controller options
for either track

Figure 1, GINA Guidelines, When standard therapy with inhaled corticosteroids does not control asthma and patients is in step
5, asthma treatment becomes very difficult due to high costs and side effects,

2. Thermoplasty: 0|22 A

Thermoplasty:= o€ F5 2ol gk 71&2] oka A8 AIE Sk Sl ate A= A5 R0l
o, Aagiatolxds duilel] wis 7]eA] geto] SaEo] glor of= Z|EA|e] W Tt F3laL 71
£ A7 A ke ekt 71od Aes ekl glok e vl 78R Bedzo] Al #Ho
el 715 HEsA| ol ®, 71 BAHEES FolW Fof AelA 7Tl BT FA koA A2 izt
a2 el Bt & Aoz T 5 ok

A2 27w Aol A 2] WatolMs BE 7wyt dofslal 9o, 3 mmBETE 2 7o) EAfet
T HE2 ARt A2 ke 78R Eel] defdiel, A diite] 7w A sA ool Hla
o] & el dejn, A AXeld= 2o T4 71=e] 718A] &) AgellM $83 FEYol
L Enk=bs

AN

Thermoplastyt ©]¥] T4 7% P ATE Fo] A2 SAolx] 71 A Solks 520 7ty
Untreated control airway Treated airway (65°C)

Seromucous
ASM absent Seromucous gland

Ciliated
epithelium

Ciliated
epithelium

Figure 2, The decrease of bronchial smooth muscle was observed pathologically after thermoplasty.
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et ZIEAYAIE .2 HHA FHEER 55~75°C o] &S 713Aol 7R €}, 7] A A3E B
Thermoplasty2] 3= 1) 7|34 HEZL] 74, 2) 713A] FAlAde] 7 a9 Hgjow o 3= &%
7} EeRE 3 3 ASHIT E SR $Agel EuiBe] £4 8 43 Sol Wal Uehix)
¥kt (Figure 2)",

3. Thermoplasty:

old o]2H wiEE nigos e o At FYHeH 2 Aie qokshd Table 1473} 2tk

o4t 1710t 274

Table 1, Clinical study of thermoplasty

Study Study design Participants no, Major finding
Pilot study Safety study, pilot study for 8 BT Treatment-related side effects was not
patients who will undertake observed, |dentified 16 to 62% reduction in
lung cancer resection bronchial smooth muscle in 6 people treated
with 65°C. Regenerative epithelium
14~65% found in pathology, local
thrombosis and necrosis of bronchial glands
was also found,
Feasibility study' Nonrandomized, prospective, 16 BT PEF, PC20 improved, No FEV; deterioration
stable asthma
RISA trial™ Randomized, controlled trial 15 BT Safety for 1 yr
17 Control No FEV; deterioration
(standard therapy)  Improvement in asthma control
RISA trial extension  Long term extension study for 14 BT Long-term safety for 5 yr
RISA No FEV; deterioration
AR trial™ Randomized, controlled trial 56 BT Decrease 50% in acute exacerbation
56 Control Improvement in asthma control

(Standard therapy)

No FEV; deterioration
Safety for 1 yr

AR trial extension™  Long term extension study for 45 BT Long-term safety for 5 yr
AR No FEV; deterioration,
AR2 trial'® Randomized, double-blind, 196 BT Decrease 32% in acute exacerbation
(Pivotal study) sham-controlled trial 101 Sham Decrease 84% in ER visit
bronchoscopy 73% reduction in hospitalization due to
respiratory symptoms
66% reduction in lifestyle disability due to
asthma symptoms
Safety for 1yr
AIR2 trial extension  Long term extension study for 160 BT During the four-year follow-up period

study'”

10 yr extension'®

AR2

Long term extension study for

RISA, AR, AIR2

192 (45%) BT,
56 (562%) sham or
control

- Maintains a reduction in acute exacerbation
- No safety issues

Maintain the treatment effects on reduction in
acute exacerbation for 10 years,
Bronchiectasis was found in 13% of
treatment group,
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2) ZIph gickn BE e

- FEV,S] AR glet SR, PR 34 1)
4. 2UolM2| A&

2] ol&A wj-S v vl FDAT 7]#A] @43 (bronchial thermoplasty)-S <18}, 20121
8¢ 23¢Y §k FDAR BHEITE ofrlolelx= A7HEoA A Also] AlRME o] I e 55 2]
8ell7} T EHAIL, 50% ALolA Eet X5 B YeRt AT ZE|Rol=E B3, 25%ellxle= Zat
HrgskA] ghpet”,

5. 2|20 A0 Y =2

oPde] Aarell whe 7+ 23] A W82 vt 2t

1) Global Initiative for Asthma (GINA) 2021

- STEP5¢] add-on treatment: ZJ&3t & o] X|gow B35l ZAER] ke
B Aol HAox] Wil(Evidence B)'®Y,

- AR o]F A HES gsle] ST o ofF Fztel= osle] AR o|ojA Y, Hr | B Sl
iEixE of50] §la ofF 10 54 k] A&EA] ofske] THa B Koo B} & A5 Eo

A H7)1eS T a3 ekdAel tigk Bt 71 337 7|7ke] gt Hadd

3kxfe] Aol Qlojx] FFefrt F st whdEnEARE H7 e ASAHFEV, <60%), RHEAQl $57] 7Fdxk

E2 A pivotal studyollx] Al2]=]o] glo] 7|1HA P e ool M2 X5E HHse a7t 9.

- oS F9E W thermoplasty+= registry, %4 97 52 B3l AldetaL, o8 B8 F7HH axke}
obdAol| thek F7129] evidenceE & 4 J& Ao AdE”

29% 24 A8 AFHA A AABE 2 HA e AR mEd ¢ e

2

A A% 7)) o)z

—

2) National Asthma Education Prevention Program (NAEPP): 2020 Focused updates to the asthma

management guidelines

Question 7.1, What are the benefits and harms of using BT in addition to standard treatment for the
treatment individuals ages 18 years and older with asthma?

Recommendation 19: In individuals age 18 years older with persistent asthma, the Expert Panel condition-
ally recommends against bronchial thermoplasty. Individuals ages 18 years and older with persistent asthma
who place a low value on harms (i.e., short-term worsening of symptoms and unknown long-term side
effects) and

Qo] e HH standard therapy©ll théh additional treatment@2A] BTl thall ‘recommends against’ &
H3ldct. ool tigk ZAE QR RISA, AIR B5FollA] F2detsle] Fhaehs BT 57829 o|5e=
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S AR 19 AFRe] 719A) A, 5 B, 713, vl el wisk 5ol ¥gel vla) 2Eellc)
I severe exacerbation®] Aoll= B8}l 35402 Y1o| thermoplastyS Al38F o] T Bkt 3719
NE AT R AZSAIA L A ol A1

3) Mario Castro & Geofferey Chupp
o] NAEPP guidelined]] thafl 217+ BT 972 =W F A7ASS vHES JACIY) Editorial 2] 02
AABII. ol disl g.okshd

- 109 2 AFEA A7) FH s 8] A=A,

- 7P A9 real-world H(PAS2) ol 45% FAILS) A, 73% S HHE A, 7T0% Y A, s
T 10%2] AT ZHEo|E s Hor

- Control tjH] B} 71 7|7ke] 7|52 AFE Q738 AL severe asthmaE 583E X 85314 kil
19 ot AEAQ] A wEsh= Flo] daAAolA] ggor,

o] AR WPdoR BB A4 ol visd Ywe] B AEs} glo] viete] Wash

4) Hzje| 2|7
%2 A AR refersto] WA A7} AR o}FoIA|TL Y] ISR o] Mol Ak, o]
Bl Zdo] 2Ho] HA] oo} B4k} A4 A9 o\ 28r} FFsalE AEolok dit). 25
120, E3] T2 low SRl B whe-S 7|jE AR AME glor], A4 FUsl E52 e
QY= Ao| thermoplastyolth, wap %8 A%, o2 4gw ol ia] Are] &4 o o )
2ok Aurl DeslAw BE AEg Agdw BT oksy) Ai5E A% Auwd dusiE 4 o,
A= EA sol2 AT, 4ol 2ERo|=E B Are Wae e Beli, A% F UAHel
okslE AUT 5 YA AR Al ok B FHES ART TAE A, webq ok Xgvt
QL FAOE AF PG Bfol] AEHow HgaE 5 Y Ao Kol x| Sl
Aol QR R o] TP,

(A 2

(=]
6. W3

7132 G438 <(bronchial thermoplasty)S T2 5/92sle] 7hAollx G35 Hol= Ao, 53}l
eiMe 7] & digk A7 Ayt Qo 1883t Al 9] Z)1EAUAIEE 3o s el ot
2 X857t gl FRlelA aEslE 4 s XFoA Al g igk Bt WEkel dFEo] AXEH
% 2] gxle] 5o A2 F2E F o 7YHEn)
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m Scientific Update of Singulair - Focused on Neuropsychiatric Disorder

Singulair®, a cysteinyl leukotriene 1 receptor antagonist, has been widely used to treat and manage asthma
and allergic rhinitis worldwide, Many clinical studies have revealed significant effects of singulair® in asthma
and allergic rhinitis, Global guidelines also recommend it to treat and manage asthma and allergic rhinitis,
respectively, However, one boy commit suicide 17 days after taking singulair in 2007. Food and Drug
Administration (FDA) received correspondence concerning neuropsychiatric effects of singulair® from patient
advocacy groups in 2017, Rat study revealed singulair crosses the blood-brain barrier, can be distributed
in brain, and can stimulate G-protein coupled receptor (GPR)-17 in normal human brain, However, many
clinical studies have showed controversial results concerning the safety of singulair, In 2020, Sansing-Foster
et al. used sentinel distributed database which is composed of US-based data partners primarily represented
by large national insurers and integrated delivery care networks, This study compared neuropsychiatric
events in singulair® and inhaled corticosteroids users (n=457,377, respectively after matching), and there
is no significant risk of singulair® on depressive disorder and self-harm. However, U.S. FDA cannot com-
pletely exclude potential risk of neuropsychiatric events of singulair®, and they added boxed warning on
singulair label to strengthen an existing warning about the risk of neuropsychiatric events, Singulair® is
good drug to treat asthma and allergic rhinitis, however, we should consider this boxed warning when

we prescribe singulair in clinical fields,

Key Words: Asthma, Allergic rhinitis, Singulair, Neuropsychiatric event, Suicide
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COPD and Cardiovascular Disease

X0

GMICHO W QI THOE M HZAE R D T|LH 1}

Chronic obstructive pulmonary disease (COPD) and cardiovascular disease (CVD) frequently occur together
and their coexistence is associated with worse outcomes than either condition alone. They share common
risk factors, pathophysiological processes, signs and symptoms, and act synergistically as negative prognostic
factors, Any bronchodilator is potentially pro-arrhythmic, Although some studies report an incidence of tachy-
dysrythmias in LAMA treated COPD patients, the several trials did not show an increased incidence of major
cardiac events, The cardiovascular safety of LABA, LAMA, ICS/LABA, or LABA/LAMA therapy is well established,
Angiotensin converting enzyme inhibitors (ACEi), angiotensin receptor blockers (ARBs), and beta-blockers
(BB)s are the most commonly prescribed cardiovascular drugs in patients with CVD, Some CVD medications
may have a beneficial impact on COPD outcomes, but there have been concerns about /3 -blocker use leading
to bronchospasm in COPD, Off-loading of the CV system through reductions in lung hyperinflation, anti-in-

flammatory effects and the prevention of exacerbations may help to reduce the risk of CVD,
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Ak vl B2 ol totropiume] A8 Ag WA 99 aE|a ApgS SR ettar skslod
tiotropiumo] F-AM7} 3134 A48 wAge] 93 QA8 VIR 9IS F QtiE Huw ohjro tjwlol|a] 1t HLJ
A Azol wh=H LAMAS} LABAZ} X5 212 5 30 o] S59] AddA 2g whE-S 1,54 =oH,
o= m7t A2 A} To I Mpo|ETIRIY] Zrleh BEAe] kAl JHy 3—?4‘4' A7 Ao R
oo 9o 1 APHE $roI5HA] KL, RCT ATHE tiotropiume] HBBA 250} 557] AEEL
238 ZAaNTlE AFS BAFATH? ‘:E?SP tiotropium respimat E}7} triotropium handihaler2} H]nL A]
Al Agt whae] Zfolg HolA] AJUTHTIOSPIR)®,

oN

ey
=

n@

(3) LABA/LAMA: LABA/LAVA 23] A8iet aizte] Balgol g 974 a4 27} 2l
%t} CLAIM oA TABA/LABA E3HA91 indacaterol/glycopyrroniumS- $]Fol] thu|sle] o) 23S Zof
A4 Telm S B 2] 8%, AAE A QTS FEV,E GYAZICH. 2 me] RCT S Aol
v W2 R A5 VI3 e B A ADE GTEE oA R S
o) AEEA A B kA EAIE Holx| Q> a8y A4 o7 dFL HoFE 13 17 98
tlolg] oAl 7] LABASF LAMAS] T X5l F7HH 0= &9 7| HAIEE FUALABA 32 LAMA)E
Z71S o 19 EoF B4 Al 5—421’ S0 ngule] Zy)alA] QQFA|k AR Hhe ZrlE|orh

(4) ICS+LABA: ICS7} ojH A A dzakeal A B2 dh=x] Mals] deld Qx| Q)
A4 2|zl 28 atherogenesis & SN Wb S e £ A0 SR oft
2 G}, TORCH §478] AT 401 F55 COPD 83} 52 o]l ek A%k =8 WL = Tl
fluticasone propionate/salmeterol S3HA7} APd-S- o= EJ’]'E HAFEQoH g} A8 A3ks Fulst
ZSE= COPD A= iAo 2 fluticasone furoate/vilanterol ESHA7} Ths W 5.8 Qokro]| BlgiA] APLE
& | SUMMIT A7elMes frofad ol HolA) giey,
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(5) 7IE} 2A|: COPD ZEA}ellA] 3418 (ICS+LABA+LAMA) AAlIME 724 ofspr} wHase= 79l ro-
flumilaste} 22 PDE4A-JRIAIZ A3k ek PDE4-2IAIAIZE COPD 34 <13} 913 2
o Hg o H eslE A Sle 9 Ak Vsl = o AR oFAe ofdll tigk S A=t
Bz3 Agoltl U AToxE= PDE4-AIA] AFEE TollA] 2o A D3 whEo] Yolth= B uw
SIAE HEl BAelE 2folE HolA] bk,

Theophylline £ &4Z E3H5 Ho|HM Ao £ Aloji= sdwt A= Folal 4 7Ts
i 57HE BolXek 1183 theophylline: A=) o) Ul wehr copDe} Haw Aeke Fuksh
= FAolA theophyllinee ZAZHA| Fofs|ojof it

3) AE3A 2+=0| COPDY| O|x|= Hgk

(1) HIERRHEHA|: -Fr 348 s] oM A1 Satolla] COPD f-e} J3glo] HebbaAl AM8-S darskar
3L, CoPDe} FFEH Aol Fukslo] gl Fxlore A=A HERHAIE AMsl=S Arsteitt”,
718A] Bl ot=ddwd 787 =T, ol T2 HIER ofgo] EAshH o] 4~gAe] AeAl=
et olghs Bl V1= Y BHE veRdth weba] sElTAE ARRSHE F4 713A] A5 @2l
UeRd 5= 9lo] COPD $hajol|if ] ARgo] A}, AA|Z propranolola) Zo] HE} =&-A]] njaelz oz
2 g:5h= HE} xpekAl= CoPD $tollA] HER ZRgAlol] whe 7|8A] 23S ATt weba] oPD S
A HlERFEARE Qe Qlofa] W2 m=ghe] ISt L3 web1e] el XpekA|(<ll, atenolol, bisoprolol,
283l metoprolol)= HIER 484 thy] #ek 8o it 2shert 2008 O et 718A 55
g do 5= e} i AlFo wer B4 AijollAz wlen MelF XPckAlE= FEV,, wEl 2842 vhg
357 24 5ol G FA %= Ao HuERy, Adi Asto = 18| wlel XAl AMSSHE
735 el B4 Ax F4 ofsle] YF8S Fola APFERE EQF. 2@ coPD Aol Ade Fgk 27
=2 glo] mleR o] Mea] A2l metoporolole] ARS~2 Yolut 717 7 7F da s & Axe] 25 34
ol3l2 folaH S7HAA Gl 7] 2R EY] uiEed Adw A3 X7 Bo 7 ALg3kA]| ok 3l M
Al weh o] Aeidotiele corDe] 4 oste] 98e S o

(2) Angiotensin Il receptor blocker (ARB): #l|\U-CFA] @ €l Al ~H| & A|2~H(renin-angiotensin-aldosterone
system, RAAS)®] COPDe] & Follx] AT = = A2 5 et 24 Ak AAdo] it =gt
G AT FAedo] gl ok, Mult-Ethnic Study of Atherosclerosis Lung Study (MESA)SA] 45~
844 AHRIES thato g AbuE v} angiotensin converting enzyme inhibitor (ACEi) 2-2 angiotensin 1l re-
ceptor blocker (ARB)E ARESH ORISR 53] 18702 AM8IE ) AR83HA] 2 T2 A8=Fo = ALE-
g gl vjs) H7ls Aske]l o] =AY, 2¥d] ACEiS] F8 ¥218 F shis 713e® CoPD
SAfoll A} 5~ 200071 HarE Qi) EstAle @AIRE, 53] 71w Ak SAlElA 713 T Algks ofsiaA
T ok, 27| ARBsellM= o] g Fakgo] FA| - uA] ket AAIR wEITelA ACEL -2 ARBE
AREBR= COPD $EAFEollA] ACED ARSAETE ARB AREAteIN S5 57 ofst, Bl 12aL Abgo] 2A] WAdst
=

it

(3) Statin: =2 COPD gkjellx] Ald¥ Aghs odslr] feliA stating: B85k} Statins 1LEEF |5
EX0 2 ARESIARE 7% Ak AdH 2A] ok s E9E Hol7|= gtk Rotterdam AollA] stating:
717 A3 COPD k= 3 Wi ARESEA] (9kd SREHT W APES B o|& 53] hsCRP7}
Z7tE0] gl Bl FEIAGY. #F AFalMe 71F Ao s weA Tela FEV, 7o)
Al B! 2efuk STATCOPD $37HCOPD B4 o3l ofikslr] 93k 9ok thu| simvastatin RCT
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AT stating COPD T4 ©J5HE ofWsh Rk, EF WP COPDE Suk Tl SieF
Giulslel saring. A A, AR A8 AUE 2 YREE BeA7A B

3.2E

COPDS} Alg# Hglo Basl g Eﬁl
Agnck A4 o 2 $A2 4
43]7} x| Zsle] vk = %07 7 °‘1:‘r COPD ﬂx}OﬂH J%H HogAs 9T, 9%

Hskslal, w54 okl ofish el Huks TRARAITIAl ok dAl U 2 5e] AxeME
COPD 3tAjollx] AHda dgke] 2|5 ¢ FAeldl] gisix] wig- Alghoznk A|A=o] ik, wehr & o] FH 4]
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Biomarker of COPD

=

COPD is a heterogenous disease with various clinical manifestation attributable to diverse pathophysiol-
ogy. Biomarker is defined as characteristic that is objectively measured and evaluated as an indicator of
normal biological process, pathogenic process, or pharmacologic responses to therapeutic intervention.
There had been intensive efforts to discover novel biomarkers to monitor disease activities, predict prognosis,
and select therapeutic targets for disease modification. However, only one blood biomarker, fibrinogen,
was qualified by US Food and Drug Administration as a drug development tool so far, Recently, blood
eosinophil count has emerged as a COPD biomarker to guide the use of inhaled corticosteroid (ICS) in
group D patients since 2019 GOLD guideline. We tried to summarize the evidences to look over the latest
publication related to topics about biomarker of COPD to better understand the pathophysiology and treat-

ment option,

Key Words: COPD, Biomarker, Eosinophil, GOLD
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vk 22 3]} Lancet Respiratory Medicineol] 218l SPIROMICS F35 E’o|XE= ol SAME 2|71 22 7> 200/
1) S (< 200/ L) Atole] #7Ts E 54 ofske] Wl Atolrt fIlaL, Al A sA X7t
F2 (> 125001 #H7lso] o vl gdetste] RIvr) #5-8 Harstitt. SPIROMICS s Eoja] EoH
A A9} At AT 23] 7he] A moderate AT WhH0 2018 JACTO A8l COPDGene'd]]
M 8 A AP SRS 54 st STkl 58] ol skt A7) 300/ 1L ol el B
FElgh AfolE Kt} ECLIPSEOME 22 s Hlom thisk 2XoA o 3 4] o9
w74 ofste] e SHH o N2 J4 o WA s Btk T3t o] w4 o3} Rkl wjef
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SARE FRIef B4 ofs) Tke] BAIFS R foldh Avtde] HwEESE wekA ol sA A ST
Zke 4 olslE v weolld 34 ofshe] Ak #Ede] e & 4 Utk 3FAINE Kerkhof 52 E Y
S RIS B4 ofske] vk A FllE Tl UA| eF2 SOl RE fofstal A F ARl =
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038 YL 953 Ao dux] Ui’ 3 FENOE= 59 AH|Ro|EE ALRE1A] oko Aol 214
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The Role of Lung and Diaphragm Ultrasound in Pulmonary Rehabilitation

g
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Patient-tailored treatment is required in pulmonary rehabilitation (PR), For this reason, a comprehensive
evaluation of lung and adjacent organ, such as diaphragm, is necessary, The lung ultrasound (LUS) and
diaphragm ultrasound (DUS) are emerging diagnostic techniques that the usefulness of those is proved in
the various chronic pulmonary diseases. The LUS is a revalued tool which evaluate the status of lung and
pleura efficiently without any harm, The DUS is a well-known tool for measuring the factors of diaphragm
muscle, such as muscle mass, mobility, contractility, and strength of the diaphragm, Therefore, LUS and
DUS are used in PR in various ways, We used LUS to detect comorbid status such as pleural effusion
or pneumothorax which are hindrance of exercise, We distinguish the status of exacerbation of underlying
diseases by LUS or DUS, These are helpful for determining the proper start timing of PR, Factors which
are measured by DUS, such as thickness, thickening fraction, and excursion of diaphragm, are used for
assessment and follow-up of outcomes of PR, These are markers of diaphragm dysfunction and atrophy
also, We can make plan for exercise such as inspiratory muscle training and we recommend the proper
nutritional support to enhance the recovery of muscles, Briefly, LUS and DUS are outstanding tools for

performing the PR as patient-tailored way.
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Table 1, Findings of lung ultrasound”®"

Findings Description

Artifacts
A-line - Long-path reverberation artifacts
- Horizontal hyperechoic lines below the pleural line
- Repeated with a constant distance (probe~pleural ling)
- Corresponds to presence of air (e.g. normal aeration, pneumothorax, COPD, or asthma)

B-line - Short-path reverberation artifact
- Reverberation between thickened interlobular septa or between fluid-filled alveoli
- Vertical hyperechoic artifacts which are originated from the pleural line
- Moving synchronously with lung sliding
- B-pattern: =3 B-lines per scan area
- Corresponds to interstitial sign (e.g. pumonary edema, ARDS, or ILD)

Pleura
Pleural line - Presence of the pleuropulmonary interface: about 2mm-hyperechoic band
Lung sliding - Shimmering effects of opposite movement of the parietal and visceral pleural line
- Presence: rules out pneumothorax
- Absence: suggests the presence of pneumothorax
- Reduced: suggests the reduced regional ventilation such as emphysematous bullae, hyperinflation,
or early ARDS
Lung point - Alteration of normal and abolished lung sliding during breathing
- Confirms the pneumothorax
- M-mode: barcode or stratosphere sign
Real image
Consolidation - Shred sign: subpleural hypoechoic lesion (subpleural consolidation)
- Tissue-like pattern: lobar homogenous texture similar with that of liver, Meaning complete loss of
aeration of lung.
- Static air bronchogram: potentially trapped air
- Dynamic air bronchogram: patent airway, rule out atelectasis
Pleural effusion - Hypoechoic or anechoic lesion in pleural space

COPD: chronic obstructive pulmonary disease; ARDS: acute respiratory distress syndrome; ILD: interstitial lung disease,

Q-
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Table 2, Findings of diaphragm ultrasound®®

Findings Description

Diaphragm thickness (Thg)  Probe: High frequency (Linear)
(mm) Position: Intercostal view (Zone of apposition)
Meaning: diaphragm muscle mass

Thickening fraction of Probe: High frequency (Linear)
diaphragm (%) Position: Intercostal view (Zone of apposition)
Meaning: diaphragm function
Thg at peak inspiratory muscle contraction — Thy at end-expiration
Thg at end-expiration

*Equation = x 100 (%)
Diaphragm excursion (mm)  Probe: Low frequency (Convex or phased array)

Position: Anterior subcostal view at mid-clavicle line

Meaning: diaphragm mobility, amplitude at posterior third of the right hemidiaphragm dome

Peak sniff inspiratory Probe: Low frequency (Convex or phased array)
velocity (cnmy/s) Position: Anterior subcostal view at mid-clavicle line
Meaning: diaphragm contractile strength, short and sharp inspiratory effort through the nose during
maximal sniff
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LUS/DUS LUS/DUS
| Course of pulmonary rehabilitation }—}

Pre-Assessment Follow-up
Patient selection Check comorbid condition
- Rule out other cause of dyspnea Check diaphragm muscle
Check patient & disease status - Diaphragm mobility
- Comorbid condition - Diaphragm thickness
- Disease severity or exacerbation status - Thickening fraction of diaphragm
Check diaphragm muscle

- Diaphragm mobility
- Diaphragm thickness
- Thickening fraction of diaphragm

Figure 1. The role of lung and diaphragm ultrasound in pulmonary rehabilitation, LUS: lung ultrasound; DUS: diaphragm ultrasound,
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There are various tests used to identify exercise capacity and cardiopulmonary function in patients with
respiratory diseases; cardiopulmonary exercise test (CPET), 6-minute walking test (60MWT), and the shuttle
walking test. The CPET is the gold standard to evaluate exercise capacity, however the test is complicated
and needs trained personnel, and sometimes the patients with cardiorespiratory diseases find it difficult
to exercise while holding mouthpiece, The OMWT is a self-paced test which makes it susceptible to a sig-
nificant training effect, whereas the shuttle walking test is an externally paced test using a simple and easy
to use 10m course, It has a high correlation with a peak oxygen consumption and is associated with the
hospitalization and survival of many respiratory or cardiac patients. Although the shuttle walking test has
many strengths, it has not yet been introduced to Korean hospitals. The characteristics and advantages of

using shuttle walking tests (incremental and endurance) will be discussed in this review article,

Key Words: Shuttle walking test, Field walking test, Pulmonary rehabilitation
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¥ 20 m A5 22)7] AAPE 557138 3ixe] 5ol w43 Ao g 19910 Singh Fo| gl
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2. 10 m AZE235 MEE#ZAAKincremental shuttle walking test, ISWT)

1) ZAte] A4

10 m H553}F AEEPFAHSW)E SF2e 5o S| sHlol ol& w7lA] DAt He&es =
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Bl -85k Aok

2) AAL U2t MESEUHAL 2L

MERFHAE 9 m AR FRl 27l9] dBY FAPL e 27t B astH(Figure 1), 5 F e
A3 B 2 2EE HA 10 m olde] HWEla n|igR] e 7k Ex}, Y w4 270, CD T MP3
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> walking course

Figure 1, The course of shuttle walking test,
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vil [ e e

Humidifier disinfectant (HD)-related lung injury (HDLI) is a severe form of toxic inhalational lung paren-
chymal damage noted in individuals who were exposed previously to specific guanidine-based compounds
utilized to disinfect domestic humidifiers in South Korea, In addition to HDLI, further studies have also
identified increased risk for airway injury in those exposed to HD. HD-related bronchial asthma (HDA)
is defined to have airway diseases without pulmonary parenchymal damage on radiologic image. In our
study, 70 HDA patients were compared with 79 patients having pre-existing asthma without known exposure
to HD, The mean values of DLco% (81.9% vs, 88.6%; p=0,021) and FVC% (83.2% vs, 89.9%; p=0.018)
were significantly reduced in the HDA group. The reduction in DLco in patients with HDA as compared
to asthmatic patients without HD exposure was partially mediated by decreased FVC, We concluded that
monitoring DLco can be useful for identifying HD-induced damage of airway and surrounding interstitial
tissue or lung parenchyma, even if radiographic image is normal, in patients whose exposure to HD was

previously documented,

Key Words: Humidifier disinfectant, Asthma, Diffusing capacity of the lungs for carbon monoxide (DLco)

Corresponding author: Seung Won Ra, M.D.

Department of Internal Medicine, Ulsan University Hospital, University of Ulsan College of Medicine, 877
Bangeojinsunhwan-doro, Dong-gu, Ulsan 44033, Korea

Tel: +82-52-250-7029, Fax: +82-52-250-7048, E-mail: docra@uuh, ulsan kr

1. M2

7Rs7 1 aRtA B H$=Hhumidifier disinfectant lung injury, HDLI)-2 2006358 =ujollx] Ha1¥E poly-
hexamethylene guanidine (PHMG), oligo (2-[2-ethoxylethoxyethyl) guanidinium chloride (PGH), 5-chloro-2-
methyl-4-isothiazolin-3-one (CMIT) 5= 2-methyl-4-isothiazolin-3-one (MIT) 59| &4 7l57] ARtA|
(humidifier disinfectant, HD) Z3%-o]] =2 Alghol|7] WA, HDLIE 54 7HEA) #|E(acute interstitial
pneumonia, AIP), 7143 | (hypersensitivity pneumonitis, HP) & th2 7HA #2d3ka} 88 &= Q=
gtk 7)1EA] 9 Jﬂi"ﬂ*ﬂ APt skt B4 2194 S5 1 FEsto|w 20201 397HA] oF 48075<]
77 HIA] =E AP} HDLIZ QA9

o|doll= B AKX HDLIS| 5421 A7do] SHEA| e 745 71571 AtA| slsial= QIPgutA]

S3tlont s 1atAl slsiAlE flgk SER(17.8 Al)sF 77 AhtAl 273 0s] E 21g7IE Sl
ijf‘} AP AR AW ERA 7157] Al SjE] A1) S HD =35t ddste] AR wbgstr g ofste
2] THEE S FF PPN 238 o] gltlEls 77 AltAl TlsiRlE QPR =iy,

- O
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T2y} 7R57) AR A3 A (humidifier disinfectant-related asthma, HDA) 9] S48 A 22l Hd+=
0= Aoz e A= 7hdoe] H83F 7oz AztEo] HDol =E4d o] gie AF = 2 djz==

Hlarste] P F5Ad7 715 A Kpulmonary function test, PFT)9] of® 2|37} 2po|7} U=A] Gobkl iz} 514
o

2.9

HDAE 71571V ehtAl SjsiA$la3lola TR #12018-1665.5 2] 71zl wlheh 4lefate] A =|3
o}, Qokshd HD kZo| SHE AR Foll =273 e =550 24 oyl Aj2o] H2og sy
AEREE 7ol oo o] AtEirtal strjete =E7RE Bt HAo] U] Fo% ofstd B¢
HDAR SIS 4419 A5 o715 55 &3 the o= A ofste s ejlsle= 4%
A2-g s 1AelA wlAEket .

HDol| =25]A] ¢k H2eA = Ak oA 7|84 573 HAKbronchial provocation test, BPT)S
3] 7]18A] F71 X (airway hyper-responsibility, AHR)o|] SHHE 2] x5 T3z o2 wH3}FC)

HDAZ {IAH Fjalate] AR Flafiz} B 7150 IS Slal =8 4led7 &Y (Korea Environmental
Industry & Technology Institute, KEITI)ol| #|&3t o|F7|5-S 7%= sl $3F24 0 F forced vital capacity
(FVC), forced expiratory volume in one second (FEV;) % diffusing capacity of the lungs for carbon monoxide
(DLco), forced expiratory flow at 25~75% of the FVC (FEFxs~-sy), lung volume, BPT, §5-3 3712
A7 9 AP o], AW, Al 7160 gk ARE FskRer g w, AR, S8
et AR AL AAAE 712 sto] RIS HDoll :eZHA] e 2jerte] HH= o]
= 9 Y A=A, PFT ZAE NS xste] 38ttt

HDA2] PFT S47ES IS 918l Al ARE Fxsialon) ol&gk 71so] WAz Aok 3¢ Al
Aol PFT o528 $Yat3ith. HDASH HD H=Et HluATE F3ste] & o] 71254 9 PFT

e AR B T A0 R Wlastglal HD %] Dleocl] vl $bds 7] ¢ls) v 419
37 £ sptor], pusE d9leb] SIgt SRS Ss) Sobel AFE ST

3. 21t

HDAZ. Q1A vlafz} 2089 oA vk 194 o] 17078¢] A2lS thde g 3kt o] 3 Hls 74 2134
A A 9712004 DLeo 23S 2HS 5 W 6078S A28t 3daL, =29 (computed tomog-
raphy, CT) A3} ILD7} gHelE]o] o)A ZAtol|A] HDLIE S1FH 2% AlJatglch 3¢dol| o5t 933ke Hie
37) 8l Fdge] ltia 71=H 3878S Algjste] HEHow 708E HDAT-C 2 AAshde .

HDol| k2 5]%] ¢3o HATE(ReZ H2l)S 201435 2019371A] 4kt YolA] BPTE AHRO|
SHHE Al A2 B4 3051 TR 31t o] F DLeo 237} gl 1147, @591 39, 71557] AtA]
2ol Qe 1482 ARttt & 97152 AR PFT AAF Al ol Aldlet 793RS HES}H]
Z12) ole]e] FHke #|Hgto] PFT Adghell a2 vHS Z o= AZb=E 4292 Al9letgl o HDAT
S Fdo] Ak 71=H 66S AlQlsle] F 798 HD HlkeE: Haro g A

o= HD Hke=Z H2lwko] t e AgS Hjou SA- o 2 (98kA] kal(p=0.051), A4,
A DA (body mass index, BMI) 52 & o 1] 2}ol& Ho|x| 9k9FO0 ™ FEV %, FEF,s~75.%, DLco/VA%,
RV/TLC% 59 Th2 #71573AF AR E TATHOR fofgh atoli= HolA] Mt} DLeo% gk
HDAS} HD H]%:=Z H2laollA] ZH2} 81.9%, 88.0%% HDAT-OA] 7HAaEe] Qe A4S K al(p=0.021),
FVCuE 734E o] tHp=0.018)(Table 1, Figure 1),
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Table 1, Baseline characteristics of never-smoking with or without exposure to HD

Asthma without exposure

Characteristics HDA (n=70) to HD (n=79) p value
Age (mean+SD) 466+153 518+169 0.051
Sex - male, n (%) 17 (24 3%) 14 (17 7%) 0.325
BMI 244+43 251+40 0,293
FEVi/FVC (%) 73.1+138 706+90 0.195
FVC% predicted 832+175 899+164 0.018
FEV:% predicted 75.8+22 1 797+155 0.208
FEF25~750.% predicted 66.1+36.3 56.21+22 65 0.099
DLco% predicted 819+215 88.6+132 0.021
DLco/VA%, (n) 1015+21.8, (63) 1026141, (79) 0.748
TLC% predicted, (n) 936+131, (32) 98.7+205, (15) 0.388
RV/TLC (%), (n) 362+157, (32) 324+107, (15) 0.403
BPT positive%, (n) 56%, (14/25) 100%, (79/79) N/A

HD: humidifier disinfectant; HDA: humidifier disinfectant-related asthma; SD: standard deviation; BMI: body mass index; FEV;:
forced expiratory volume in one second; FVC: forced vital capacity; FEFs~7s0,: forced expiratory flow at 25~75%; DLco: diffusing
capacity of the lung; TLC: total lung capacity; RV: residual volume; BPT: bronchial provocation test; N/A: not applicable,

p=0.021

150 - !
81.92+21.51 88.64+13.19

100 - wtin

DLco% predicted
>
2 d ld
[ J»»»T’
»
»> »*
> >
»>
>

HDA Asthma without exposure

Figure 1, Diffusing capacity of study subjects, Plots indicate individual data points and mean=SD of DLco% predicted (horizontal
line and vertical bar). p value for t-test (p=0.021). DLco: diffusing capacity of the lung; HDA: humidifier disinfec-
tant-related asthma,

Beta = -5.831
Exposure - > Dleo
(R*=0.104, p < 0.001)
FvC
Beta = -7.091 Beta = 0.444
(R*=0.043, (R*=0.260,
p=0.015) p <0.001)
Exposure : Beta = -2.799 > DLy
(R®=0.261, p <0.001)

Sobel z = -2.36, p = 0.009

Figure 2, Regression pathway analyses, FVC accounts for approximately 52 9% of the relationship between exposure and
DLco, The p values shown are for one-tailed probability, after adjustment for BMI, DLco: diffusing capacity; FVC:
forced vital capacity.
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Current Updates in the Triple Therapy for Asthma

Large-scale randomized controlled trials have shown that triple inhaled therapy including inhaled cortico-
steroids (ICSs), long-acting beta2-agonists (LABAs) and long-acting muscarinic antagonists (LAMAS) is more
efficacious than ICS/LABA therapy. These studies showed triple therapy can be surely good treatment option
for patients with uncontrolled asthma although the differences in treatment effect size were modest. The
present paper also attempted to answer the following questions: When adding LAMA is most effective?
When high dose ICS should be used? Will triple therapy show a comparable or better efficacy to biologics
for those with type 2 phenotype asthma?

Key Words: Asthma, Long-acting muscarinic antagonist, Triple therapy
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1. M2

H2]ollA] AA 2| BEd(triple therapy)= AW ZHX|F(controller therapy)2A] X|5.2] TS o] FAL A= 5
£ 2H| 20| =(inhaled corticosteroid, ICS), ICSHFo 2 ZAER] ¢S u] 24 X8 2 4 943t ¥aks
78k long-acting beta2-agonist (LABA)9]| TI8}] long-acting muscarinic antagonist (LAMA)E &7 2= AS
Gt o] 2ok ol WRH shte] FYLTIE o8 Al A5 it AR AdEd &

Z7149) gk7h o Bagh ol 8 74Kl dis) thee] M) gk

2. 28

1) stLie] SYUE 7|7E 0|85t &4 2| 29| 2 U4 AlY ZuE

(1) TRIMARAN+TRIGGER: Virchow %°] 20191d¢] 2HEsk 27e] double blind parallel A7A1E
(TRIMARAN, TRIGGER)<- ICS/LABAR. 2|5 Fo|HA] Ald 1 B3t 53987} 13] o) AL 2 2H=A]
= 18~75A H2 A F 2502 FAR wjAste] kAl x| E(beclomethasone  dipropionate
(BDP)/formoterol/glycopyronium) 2] 3= 26F FEV1¥} 52F 5% 2 55 34 o3} BAEE4 v
H7Fekth, TRIGGER 97 7)o 8% ICS/LABAS Fo Fold IAES tos gk
ICS/LABA/LAMA (BDP/formoterol/ glycopyrronium 200/6/10 1£g bid)¢} 31-85F ICS/LABA (BDP/formoterol
200/6 1g bid)= B8R 0™ E3F BDP/formoterol 200/6 1g bide} 7] open label tiotropium 18 1g qd-&
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AFBRY A58 MBI, TRIVMARAN QIolAls 7] S5-85% IG1ABAS: Fo] Foldl BA5S thite
2 2589 A 2 5(BDP/formoterol/glycopyrronium 100/6/10 1g bid)2} S5 8% ICS/LABA (BDP/for-
moterol 100/6 1g bid)S B3I}, & 7 Bl A A8 & ICS/LABA:ILLoﬂ HI&)| f-23H| pre-dose
FEV1o] T SAEJATHTRIGGER: 229 mL vs 157 mL; TRIMARAN: 185 mL vs 127 mL), 54 382
TRIMARAN ¢37ollM= 4] 2|7 7o) T] Yigkon} TRIGGER GolMe BA1F frolAde ghol=x] S8t
(TRIGGER: adjusted rate ratio, 0.88; 95% CI, 0,75~ 1,03; TRIMARAN: 0.85; 95% CI, 0,73-0,99)".

(2) IRIDIUM: Kerstiens 52 S5 &9 = 1-85F2] ICS/LABA X8E ¥l 9JSoe B3 Ayt
a5t 54 oslE gk o) 73 @,6}1 Asthma Control Questionnaire (ACQ)-7 47} 1.5 o3l 18~ 754
A2 &2f 3,029 FoR 729 RIS Akl G- FARES 279 runin 7RE 5F S %
£ fluticasone propionate (FP)/Salmeterol 250/50 pg bidE Fofibal o]% tha-9] s7jjo] o2 F2H] wijA
Hol 523 855 Witk T % 89 ICS/LABA/LAMA (momentasone furoate [MF]/indacaterol/glycopyr-
ronium 80/150/50 1£g qd), T &% ICS/LABA (MF/indacaterol 160/150 1tg qd), 3-8 ICS/LABA/LAMA
(MF/indacaterol/glycopyrronium 160/150/50 ££g qd), 3-8 ICS/LABA (MF/indacaterol 320/150 rg qd), 18
% FP/salmeterol 500/50 1£g bid, ¥z} A3pHS== 26F7}4] trough FEV19] WH3t2 A& =Y}, Trough FEV1
Hail= S5 85 W 1.8 717l ICS/LABA/LAMAZ} ICS/LABAET} 76 mL, 65 mL U] Z]om 3182
FP/salmeterol@} BH|Wa|XE 5% 82 9 1.8k [CS/LABA/LAMAYZ} 212t 99, 119 mL © vl 18
ICS/LABA/LAMAY 183 ICS/LABARTE ACQ7 5 fat gt xfolZ Ho|x| gjr}, 18k
ICS/LABA/LAMAT 3-8+ ICS/LABART} HA(HF, T5%, 5o =7 23D 54 st Hlde] folsiA watk
O1f(rate ratio, 0.79; 95% CI, 0.66~0.96) 5% 85 ICS/LABA/LAMAT F5% 85 ICS/LABAS} ZA|
B4 o3t ¢gelA AolE HolR| eitTHrate ratio, 0.87; 95% CI, 0.72~1.06). % %—E‘: a8k
ICS/LABA/LAMAT 7—}7—}' 11-8%F FP/salmeterold}t B|nlsl] A @ =55 o)} g4 o3te] 98-S Fof3HA
SRl o 2 R ool Sl 2agel Sk aklsAl st

(3) CAPTAIN: Lee T2 S5 & B L8] ICS/LABA X|=E Wil 3}—5,—0111; Bk A 1d
BRE H fBkE I ol ARSIl ACQT AHgTF 15 ol A #4) 518588 TR kel A
2 AR, PHAE oS 27 B TR o) Foz wate] wiElel Arieick S5 8%
ICS/LABA/LAMA (fluticasone furoate [FF]/vilanterol/umeclidinium 100/25/62.5 1g qd), S%% & ICS/
LABA/ZWE £5F LAMA (FF/vilanterol/umeclidinium 100/25/31.25 £g qd), S5 = -85 ICS/LABA (FF/vilanter-
ol 100/25 ng qd), 3-8 ICS/LABA/LAMA (FF/vilanterol/umeclidinium 200/25/62.5 11g qd), I-8%F ICS/
LABA/ZWE £2F TAMA (FF/vilanterol/umeclidinium 200/25/31.25 g qd), -85 ICS/LABA (FF/vilanterol
200/25 g qd). YA} A3} W= 245 tough FEV1S] Wt AlgHY), 5% &3 2 w83 zkztolA
ICS/LABA/LAMA & ICS/LABA Xt} trough FEV1©] 96~ 110 mL, 82~ 92 mL T 4=t} ICS/LABAT

Table 1, Summary of results from recent studies (TRIMARAN/TRIGGER, IRIDIUM, CAPTAIN)

Study Comparisons FEV1 1T (mD) 4ACQ AE| (RR)
TRIMARAN Med ICS/LABA/LAMA vs Med ICSLABA 57 (15.99) 0.85 (0.73,0.99)
IRIDIUM Med ICS/LABA/LAMA vs Med ICS/LABA 6 (41,111) —0.07 (—0.15,0.01) 0.87 (0.72,1.06)
CAPTAIN Med ICS/LABA/LAMA vs Med ICS/LABA 110 (66,153 —0.12 (—021,—002) 078 (0.61,1.01)
TRIGGER High ICS/LABA/LAMA vs High ICS/LABA 73 (26,120) 0.88 (0.75,1.03)
IRIDIUM High ICS/LABA/LAMA vs High ICS/LABA 5 (31,99 0.01 (—0.07,0.09 0.79 (0.66,0.96)

2 (

CAPTAIN High ICS/LABA/LAMA vs High ICS/LABA 49,135) —0.06 (—0.,16,0.03) 097 (0.73,1.28)
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Oy ACQ-7 A 7N Eih= 255 88 ICS/LABA/LAMAGIARE EelE]oirt 34 o) 93-S ICS/LABA/
LAMA T3} ICS/LABA ol 218 xtol7} Qi) okl 7)) & RifFolla] £183] K2kl thalh $-eh= IIeF.

(4) M| F2t9| AAAIY HpE Ha|: ode] Al 714 F219] A8 ZAAE Helshd Table 13 2t
ol TE 3t WA oA] 255 82F 9 71.82F [CS/LABA/LAMA X|2X ICS/LABA X &9
Hgle] 5% 2 5 34 o8}, tough FEVI, ACQ 4= 7R &3 5% o &3¢ Ao g Yepity,

2) 27t AR LS Ol E

(1) LAMA 2| 20]| Cf g2|3t Al 312} 51| 20| Ye712: A ICS X|FaF} oS0 wgo| Hi= 28 FF vlo]
Qn7= LAMA B3e} B389t Primo-TinA-asthmal/22} MezzoTinA-asthmal/2 &7 Zredz} AA| ol sk
BN D5 IgE gt TAMF 32 LAMA &3l m] | JgFo] QIQILP. CAPTAIN ol EF ik
W 37128FAA(FeNO) 3 LAMA E3ol] n| =) ko] 1L}, TRIGGER, TRIMARAN 3 Fefzlo]
gk 22l 78R A gk 727t o] 400 mL 221 3F9] Tl LAMAYE 54 o3l 918
U Bol 9= & e Ao E vERgTE 3EAINE FEVI 7R el mlx= g3k 1 2fo|7} §IIAL peak expiratory
flow rate (PEF)—E 32 400 mL o3} o] Tl LAMAY] & uh3-S Bty HelekAw LAMA 3717} Y
Egol d F S oS 7 skl 2 A X3 AdEie) skl

(2) n22k0| ICSE Z &5 A 7~I37fssE 829| ICSE Z &6t M| 2| 220 217t o E2717: HERZA o
Al 87Fe] ICSE E3sl A X2 5% k] 1SS X3St A4 2K} FEVI 714, ACQ 734
a4 o3 A Bt o Soe Bavt }\}\E}'- defu JAFoEE I &3 A719 Afole AA| ettt
A ol3l= 20% (95% CI, 5~34%) =21} FEVISF ACQ 7R B3+= 732} 33 mL, 0.05%] x}olol] 14
minimal clinical important difference (MCID)ET} Bo| Pohey deh} 83 AT gho] 842, 1g|a
FeNO Zto] =842 183k9] [CSE X33l A X857} 5% 83F9] ICSE X33l A4 x| EHT} FEVI
N J52 9 T ool F4 o3t d B3t o] itk CAPTAIN 9t A #e mecp,

(3) M| 2|27t M23H HIA|(biologics) 22| E7t UE712: o]l thgh 23221 Bl A7 givt. 22t
A X857} 28 22 offe) FeiA ) vl Alolehe 7}7§ stell & IL-5 A5A49] FEVL 714 Z37}
90 mL, §4 93} 7 G} 34% Axehe vel B4 2y 58 aefshd A X8 FEVI AT
H|SBEANE 94 o8l 7 G AdiEos "old Zglo] c%l*&%v}.

3.28

2 ofe] thitn QPABEE F3) 2l FUS op Asvh 2 2AuA) g A2 SRl Emao
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