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Improving the treatment of dermatological diseases by
focusing on the amounts of topical agents applied

*1 Department of Dermatology, Fukuoka National Hospital, National Hospital Organization
*2 Department of Dermatology, Graduate School of Medical Sciences, Kyushu University

Haruko NISHIE *', Akiko SUGIYAMA *!, Masutaka FURUE *?

Topical agents are important in controlling various dermatological diseases, especially pediatric atopic dermatitis, but
the amounts used vary among individuals because, unlike in the case of tablets and capsules, doses are not fixed in ad-
vance. The amounts applied are usually smaller than would be expected in clinical contexts, so it is important to make
sure that suitable amounts of topical agents have been applied when we encounter questionable clinical efficacy. Atten-
tion should be paid especially to topical corticosteroids because of steroid phobia. Here, we report on four patients who
visited us complaining of inefficacious topical corticosteroid therapy, but in whom eruptions resolved rapidly once the
dosage levels had been adjusted. We believe that checking the actual amounts of topical agents applied is the first step
for successful treatment. The second step is using a finger - tip unit (FTU) to instruct guardians on how to control pedi-
atric atopic dermatitis well; detailed instructions, should also be given on the order of application of emollients and topi-
cal corticosteroids. Demonstrations by doctors of how topical agents should be applied are very helpful in educating pa-
tients and guardians, as are evaluations of their understanding and acceptance of the instructions.

<J. Pediat. Dermatol., Vol. 34, No. 2, 2015>
Key words : applied amount, atopic dermatitis, topical agents, topical corticosteroids
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A FRFER(ZFI BA)DSERETLFIFECHFAIIEHHLTVS. BEEEZTTRE
K L7432 FBHEIE, EEOBBETESHMALBERLZEENTWAS.

R D FEORWLIHE T, ME#k (Hay fever) DFEIRIZZ > TWA. TEMT LIVF—
OFER %R 2L, 18194F, F[E D Bostock 25#1@ THEELSA (Hay fever) D& 2B L 7. 18394F
¥ E D Gordon b IR NG ROTFEEREL, A ARV HYEZMER L. 18724, FU3E
[ @ Blacklay 31E# % W CHS, BERKS, ZHERUEZTV, 4 ARMERD90% L ETH
HIEERHELTWAY, RKEOIKEHTIIA ARERORERMISAPLTANDTHS. b
MIEBELSEOK2B%HA FRHET I 7 IPEHEL TCnBERESN TS, FTRA)IER
E@EWELCIE, ET1ERS FRERSEE S, 4 73 V=7 Tidd ~ 9 B CEEEICIERE
SRR o TWB2, ERIZ T LAF AL - RBREEEZTE L, WEER, 25888 5
DIFH, WEEA 7T NE—UEEEROEAR EBRHONR TV, ANRIIRMPED DL WIER
T, WORLRITHRITY, BARESIVALTHLY. F/0ASOET LIVF—EHER) & LT
xay, Vb, AAH, ALY, $I5UR, Vy A ELEORERHRL OXEIFE
PHEEShTWS, Tu74 )Y, X F VRmEEE, FERFERUWEZ: EIERBLLERERD
SRR BT B BEELEHENERRE 2o TV AHERE N,

4 AFoFEHEIL, BEFEMICEESL Subfamily Pooideae(4 I FXHi#}) & Panicoideae
(FEHR) T, HMYWEHIEOHEIZEESDGE S TWa DR EFRME SR, BAE 13MEEM L
DRI o T EWLEN L BEARDR - TWAS. Z—710 Lol plIdEICHBEICBEL TS,
54 75 AR T1320 ~30um TdH 5745, KIS L D BERABH S, KEHIC06~25um
DOHEARZ BNz, Thidlol p9T, EWXEMRICBIEL, TERIUEOEKEENTES L)
2o ThhozHETHAY, ABHHEIINE, BICERNEOBRMEREh TV F—2X
k5 7T OHETIX, FEWAtlate springlC XIS L, FHBEOHBEILBE ORI EERA
BINLT, Z0ELAEDBENA MEBCREIA TV Z A BmEIhTwS. 1 38 EH
BRAOBVHIRERICHEL, WTARFLALEVHSN, BMLVFROHRIRAD L VWED
B0 DRSS HEEINL L EDNTwA. £ FRHMERCIRIE S N7zl BBE e 5 5 5B
EN-BRRT CHREREFBERENLBEIHD?, WbYLIH VT —ZAb—LTATELT
G-y STHRABOBZLIEH LD, 4 AR EOBEEZTTETAIORPRYVEBETHLZ LD
WEENTVWSY,

DAREOERE DAL FRERIHESTY, AFTIHFTIVBREELTETLRED, Zhb
AL LCERL, SREEALCEREORER Lo TWS. FHNTHF, NVHY, ¥a
YEINSZEDHMOENT WA, FEICHE L THRWHIBICZEEO A AR08 EL, BERANED
5WnEA4TDLFERTEICBRESNTVWAIONBHEFEShTVEY., BFREBISh
R ERBEIP I, TOA AP ERET 5 LIIRHBETA AR LERILTAE. T,
EhfEpolERREE AR5 L, HHATEIAELSBHMSNEILD TSR, 4~6HIZHITT
FITEELTWAO(R). BRBIIEF IO RVY, BEH1ImETHIEL TWw AR HE
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SH00% BEBEHE

1 %8 (HEHY - FEI—LE)
N ﬁ sz (ARE #0355

A 2% (Poaceae) DIEME, &/ FRRL 7T 8% EOKREKIERZESH (Tree season) 8T ITHD
BED 5 A ORI HRET 205, BRERE LTixbyrids 3 HED S A FEH &3t
REBLTVE. £ FREBC L 2IEEQERIE L, 425 H0EMICA F) ATHRS,
B3RS (Hay fever) EIFTh, BEOERFRETH S Z LHPREEDLATVS. §H
2, ETAAROSBERHRBOFEIIOWTHEIZHEAMAL, R CTHEBEOHICREOfEE LT
G-y PLHRICHASh, BAEDHEL LTHEsh, FLHEELTLEoTwE DT
H¥ (Dactylis glomerata) ¥, FILL a3—0 v 30567 2) ABRHATHRIZHMAZN2FEY—
(Phleum pratense) \22WTC, FIZEEREF M (SEM) 12 X BB OEEZ BT 5.

1 XFHEYI DD FE &

EOHELHBEETHHEEN TV Y 7 I —FRIC L BT YOS TIX, #(Class)
DB (2% BITK & WHIEEE) TR MY & BT & AT SR Tw s, BETFRTIC X
LH A (APG) TId, NFHEHY LB TFHEBPYORNTER TRV, EFERMMITT L
FoHEBHELTROONTYAS, 4 2FHIA + H (Poales) IZIR L, BIEHICH K528, #R
THITO0E 8000 AR T 5 & S TWwAb. A AFHL S 5ITH 12 8R40 3 (FEFF & 8 o i I 4 Y
THGER) I TS, A AR ORI 21 =— 7 T, FEIEROETIEH

E1 BTERAOHESLY
TEMRIRS~TH, PRE-LERICEEETT. EEMEL,
1miFEEL, EEICH#IEFEDT, REICTEREMILL,
BWEREEH TS, F—F+—KISAEHMETR,
BBRFICE-TRAEHETHS.
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Mok L ShBFTIRTHES b DOPE , EOERBIEZAATERLLY, 0Kk
ONRIZE > THEF L 25, —ROEOFRLIEMTBIEL, Kb ICEEIZELL THE D
ZWV)RHHE(BWAIW) 25, TEFEERL, ME(LEITW)ERD, ThoPEToTE
HMERET 5.

DEHAVPIEH DR

HEFY(R1)i3A4 F TV FFHEF (Pooideae), #EH VIR (Dactylis) DEEFETHIEIZHAE
SEENZEFAELL, KICHENTSHFEY —FARRICEP DWEO A FRHERE 2 RET 2 REEY &
Ehn. ERIEE 2 ONEFEEMEE OLH) LM 3A 0 EERE FHMEE(SEM) EEO Tk { 1FIFH
BTharh, LELEHBOTLBMEIFERL Y KEVWRFEIR OIS, EHEIIE
IR C, S OHRE O ITEORE I/ E 2 0% (operculum) 25 A2 B E L (H2, KI3KH) % F
27, THRETHOA ABOERILBORETHS. T0L0ERERE LTE, EHZIER
REPSFRETAZEIFHELL, B 2RHER L LTRESTA2HEMIILALTHS. HED

. . M2 XBCLBZHEHVIES
=514 f TEMEN R CTRS, SRR AR AL,
KEE 132 ~ 35um.
ERRFEE, PRIZER, BOEROLHIE
- BEOQERAL.
i EH:OEEFOAROEREO. ODFlEHRE
BOLHRAIC,

2,500x 4.00m #D:10.5mm 10KV 20__1.502/13 19:01:34 5 ‘8 Opm WD:10.3mm 20kV 2015/02/13 19:18:02 §

H3 SEMICLBHELVIERH

TERREEON, AGHER, BE0ER PRICABOEHEON S, ZOEIFPRICOE(ED)HFERICR N, OOREBEETS.
B:FREER, EHIEHEQ, JOTEMME#EEENFREEL)RORBRT.
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TR TREIIBIEIICL B E32~3BumTHHA, BHAEOTERERE LTREVIZLY VS
VTHEDHIZIZL A LWL TH Y (K2), BERTHOTPICHHELZFERIZDONEIZ8
Ehwv, LPLSEMIZXAIAEE(H4) TiE, NEOMMIIHEICEE TS . EHEGS
iRz D, MMBERDSEICHFEL, ThonEorNRFLEoTI20HKROE (T oy
7)t%oTHBY, SHIZIhLPEROHMMLZETHY LN THERICIRZS. ZORIZ=
FH20ME IR D D, AKROMWE L 13T, BAHEICE > TWAHIEREE (areolate) & FHE
nas.

FEV—TEH DR

FEY—(HS5)OMBEAATIHFT)THAEY, TAVHITIHFENTVEELDFEY —
(Timothy) THifi LTWa A 2F DA F IV FFilig}l, 774 )& (Phleum) DEEETH 5.
BATEHIIZ 6 ~8 A L A EHY X Y FAEILEVA, iEICEA ShERIHFEILL Ty, 1B

4 SEMICLBHEA VORI EESE DEEOILA
CHER, EOEEDTENED (hRIIOE) OEEN RIBRICIEE (SD8121).
D4R, B, SRPRERRRREN EE> TR, BELORMETRTS.

@5 BATEEIDFEL—(AFT7T7HIY) 6 HFEICLBFEL—DIEH
TEMRIE6~8A, BYAIDRVERICEEL-TEEL, & TEMBYR B IR, SERRAYI BIRSERDIRAL.
TImIFEICES, ERICHMEREEIT, AICE)BWERE K&EE:28 ~ 30um.
BHTS. RED: OEEE-AHOENED, AlidREE, A

HE, BOER(EAOTEHEONEITRAS).
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2,500x 4.00 2 WD:10.1mm 20kY 2015/01/28 14:28:11 S 2,500x 4.00 erm WD:10.1mm 20kV 2015/01/28 14:39:12 S

7 SEMIZLBFEL—DTE
TEREEEON, E4ER, BUER, BUERICHITEREOERCR AL, BRIk
FiFEe, £E:TERED. EF$CSIERTOLHMYEMMY 55,

P [
X8 SEMIZLBFE—TEMORDBRESE DERmOTL KA
GBS, EOEEOERTTD, fPREOBTEESA TV, ENEORRRF—F VKRR (3218,
H B8RS, /DS (BRURREsr EE-T8IRCD), BICl->THBRORAETE, BREO-HOREN S0 ERICSHhA.

BRAEFYER=DTH A, KHEH(E6)RLSEM(H7) TOKRKE 4528 ~ 30um & A EHY &
h—E /A&, F72, SEMOILKEE(K8H) TIRAEDHA DB TEREPL TWwWA2S, #E
HX IR ORAL(B14D) & ) b3 P IHERBMROBIROE (70 y 7)) OKREEHKEDTH 5.
LaL, MAEEIELLLE, SBOBEIVLETHS.

51 A3k
1) #8~ 4 - HAKEY ek (BE2HR). BRIIETE, 2001
2) =hF#ck, 134 HAEEHNE. JtHERE RS, 2011,
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18 (1 %) i

(ExmmamEnsny LLE—) Bl E&F

fa(AR)IZEHEY T, —BRCEESEZ7 APWE, UINOBRAFEIZ 9 B TaIWHIET
5. OILROKEE(HF) X203 PAERE LD, 1FOERIE50 ~ 200 ERET, HEBLAY
HoH®kA2 LBMELT, 1BOSEIKREIEZILIDIZI~5HZETLEEDh TV, X
FHII0RE A6 12ROMICE O, 1OV TV B REIZDTNICSHBET, ZLALH
HHOAAFTTIRHARZHEEZRALLEDRTWAS. [ 20ZHhERIE, FihoBES -8
TERFICIREL S 130 ) Th <, —HET LAIERPERBL Tt b OIREECIRICEES 2 W E
HASH 5. 19694 I S W ERIE, REXMEBBRTNYAY 2 T ORBMEREIC & Y E
RPBHIZ R o TV DI H 2 0b 6T, 9 HRAICED TER LW BRIEL K LS4 2
DOREORH & —B L Twz?, S IEHERFONRET, WMEBBERERIIS 2OEN
FIs%479 &, WBBIRBIZIT%OBREEZRL, RAFRAKRCIERICHBEEZRLEY.
O TIE, FRCHETA2HKOA L INRLAAF LN A AOHHPFEEIEL L, 200K
Dl EEBLDO—RHE L THREOLEMEIRB I N, T 722004FED=ERFEHH S O T,
7 ATA» S 8 BRI TA A OBREABIE S h b Rel o 22 ety & i 0 BALERE M 72 b I
REOMICEBRMMAED 5 Z LHIDLNTWSY, & 512, 2006 ~ 200941242 THE
CBRT VIVF—ERAIHB Lo A AEERE 8 PISHE S h T3, Bicikaver )ik
BOREFAEREL, E204 AREROTFE L RESICZ LW EEREERTWAS,

Bz, &, mEICBTA2BEDHED A ARERMEREL 7T 71R Lz, ETHCHEET
HBN, WTNHEKEOA AR EARDERREAHET L7z 7 ATAED»S 9 BITHTT, 14
DFAERIINC —B L THERIHML T 5. [ ABEREITRR LRI TH EHTA F D
TERHEIOAZ2E—7 LT HHMREDA ARBELRDOIER LICHTTBHILHFTES. ZORHD
ETHEA AMEBLIZBEL WA, FMEOZVOLIPETEITZZLONLHRTHS. EMNIASLR
CRDEL o /zDid, 4 FEBPRONRHOLEVHBICRET AL, ZO—RHT
HATMEEMDH S, F-EHENTWE I, E2OL FARERLBRE-HESHEZALT
WAHEDIZREB LI WHEEMED HA. WHO/IUIS Allergen Nomenclature DatabaselZ & %
L 20104E 4 iz b Y —&EN72A4 % (Oryza sativa) DEEHFRIZ Ory sl THF#35kDa ,
Beta-expansin T4 2B O EEH K Lol pl £ D R R G FRIKE W, 7 0ry sl2 35 F&E
14kDaT, 7074 Y Y Thl), EPHRE LTHIEETH .

£ FAERIEDEIIL, BEEOA FREMEORICIE% A ABERYORT BT 2
&, KHEPELICHD LTI E, BARERBICNATEAZY, REMEEFEIRE
MIZHBRIEENRT VI LR EBEOEREZERLT, 12OV EHEZRITI L2 L%
HEZBW sk W REETH S, BEOTIE, ERPLOEME LTIAZRAN S, BF%
EDBRITED. T2, ERICH L CEREOEMEDHEBEEXITH. [EXMB TS MIBEENT
WBEEE, BE»SAKOMGEREEORR L LTS TAL I EFLETH A
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ARTICLE INFO ABSTRACT

Article history: Background: Omalizumab has demonstrated clinical benefits in children with moderate to severe allergic
Received 23 October 2014 asthma. However, no studies have been performed in Japanese asthmatic children. The aim of this study
Received in revised form was to evaluate the efficacy including free IgE suppression and safety of omalizumab in Japanese children
7 April 2015 with severe allergic asthma. The primary objective was to examine whether omalizumab decreases

Accepted 1 May 2015

serum free IgE levels to less than 25 ng/ml (target level of suppression).
Available online 10 June 2015 gk g/mi (targ PP )

Methods: Thirty-eight Japanese children (6—15 years) with uncontrolled severe allergic asthma despite
inhaled corticosteroids (>200 pg/day fluticasone propionate or equivalent) and two or more controller

Keywords: therapies received add-on treatment with omalizumab in a 24-week, multicenter, uncontrolled, open-
Bronchial asthma label study.
Children

Results: The geometric mean serum free IgE level at 24 weeks was 15.6 ng/mL. Compared with baseline,
Japanese total asthma symptom scores, daily activity scores and nocturnal sleep scores at 24 weeks were signif-
g:::;u:;ﬂ;e icantly improved. The rates of asthma exacerbation and hospitalization due to asthma were reduced by

69.2% and 78.2%, respectively (p < 0.001), versus baseline. Quality-of-life scores were also significantly
improved (p < 0.001). In addition, 11 (28.9%) patients reduced the dose of any asthma controller med-
ications. Thirty-six (94.7%) patients experienced at least one adverse event during the treatment period.
All adverse events were mild or moderate in severity and no new safety concerns were detected. No
patients discontinued the study.

Abbreviations:

AE, Adverse event; ELISA, Enzyme-linked
immunosorbent assay; ER, Emergency
room; FEF25_75¢, Forced expiratory flow rate

at 25%—75% of forced vital capacity; Conclusions: In Japanese c_hildren _with severe allergic asthma, omalizumab decreased free IgE levels to
FEV,, Forced expiratory volume in one less than 25 ng/mL. Omalizumab improved asthma control and was well-tolerated, as well.

second; FP, Fluticasone propionate; Copyright © 2015, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
ICS, Inhaled corticosteroids; article under the CC BY-NC-ND license (http:/[/creativecommons.orgflicenses/by-nc-nd/4.0/).

IgE, Immunoglobulin E; IV, Intravenous;
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E-mail address: odaji@mfukuoka2.hosp.go.jp (H. Odajima).
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JPGL, Japanese pediatric guideline for the
treatment and management of asthma;
LABA, Long-acting f-agonist;

LTRA, Leukotriene receptor antagonist;
PEF, Peak expiratory flow; QOL, Quality of
life; SAE, Serious adverse event

Introduction

Asthma is one of the most common chronic diseases in child-
hood. In Japan, as well as in Western countries, the prevalence of
pediatric asthma is increasing: between 1982 and 2002, it
increased from 3.2% to 6.5%, representing a two-fold increase in just
20 years.! Asthma in children is often poorly controlled, usually as a
result of undertreatment with controller medications; however,
some children have poor asthma control even with the highest
level of controller medications.??

Uncontrolled severe asthma results in a high risk of asthma
exacerbations and impaired quality of life.* In particular, asthma
exacerbations are associated with decline in lung function,® hos-
pital admissions and emergency room (ER) visits,® and time lost
from work and school.” They are frequently treated with systemic
(oral or intravenous [IV]) corticosteroids, which, if used in multiple
bursts over a period of years, can result in serious side effects such
as a reduction in bone mineral accretion and an increased risk of
osteopenia.?

The majority of children with asthma are atopic, and pediatric
patients with severe asthma have higher mean immunoglobulin E
(IgE) levels than those with moderate or mild asthma,® providing a
particularly strong rationale for investigating anti-IgE therapy in
this population.

Omalizumab is a humanized monoclonal anti-IgE antibody that
binds IgE, rapidly suppressing free IgE concentrations; it prevents
IgE from interacting with high-affinity IgE receptors on mast cells
and basophils, thereby interrupting the allergic cascade.'®!! Oma-
lizumab is approved for the treatment of adults and adolescents
(>12 years) with moderate-to-severe (USA) or severe (EU) allergic
(IgE-mediated) asthma,'?'® and also for the treatment of adults
with severe allergic asthma in ]apan.“‘ In the EU, the indication has
recently been extended to include children (6—<12 years) with
severe allergic asthma. In a randomized, double-blind, placebo-
controlled study in children (6—<12 years) with moderate-to-
severe allergic asthma, omalizumab significantly reduced asthma
exacerbations compared with placebo.'>!6

In the current study, the efficacy including free IgE suppression
and safety of omalizumab in Japanese children aged 6—15 years
with uncontrolled severe persistent allergic asthma were investi-
gated for the first time, to confirm whether the outcome of treat-
ment in a Japanese/Asian population is consistent with findings in
previously studied populations.

Methods
Participants

Eligible patients were aged 6—15 years with a diagnosis of se-
vere persistent allergic asthma according to the Japanese pediatric
guideline for the treatment and management of asthma (JPGL)
2008." All patients had uncontrolled asthma despite receiving
inhaled corticosteroids (ICS) (>200 pg/day fluticasone propionate
[FP] dry powder inhaler [or equivalent]) and two or more controller
medications (leukotriene receptor antagonist [LTRA], long-acting
Ba-agonist [LABA], theophylline, sodium cromoglycate, and oral
corticosteroid), consistent with step 4 treatment (i.e. the most

intensive treatment step) of the JPGL 2008. ‘Uncontrolled’ was
defined as meeting one of the following criteria during the
screening period: (1) asthma symptoms every day; (2) night-time
symptoms in >2 out of the last 14 days; (3) limitation of daily ac-
tivities in >2 out of the last 14 days.

In addition, patients had to have a history of two or more
documented asthma exacerbations requiring treatment with a
doubling of the maintenance ICS dose for at least 3 days and/or
systemic (oral or IV) corticosteroids; one of these had to have
occurred in the previous 12 months.

Patients were also required to have IgE sensitization to one of
the perennial aeroallergens, demonstrate at least an increase of 12%
in forced expiratory volume in one second (FEV;) within 30 min of
taking a short-acting P-agonist (SABA), and have serum total IgE
levels of 30—1300 IU/mL and body weights of 20—150 kg to allow
optimal dosing of omalizumab.

Patients were excluded if they had: (1) active lung disease, other
than allergic asthma, that could potentially interfere with the
outcome; (2) a history of food or drug-related severe anaphylactoid
or anaphylactic reactions; (3) a positive skin test to omalizumab at
screening; (4) platelet level < 100,000/uL (100 x 10°/L) at
screening; or (5) a serious medical condition (e.g. cancer, hepatic
failure, renal failure).

Study design

This was a multicenter, uncontrolled, open-label study, con-
ducted at 17 centers in Japan, with a 2-week screening period, a 24-
week treatment period (consisting of a 16-week fixed phase and an
8-week adjustable phase), and a follow-up investigation at 16
weeks after final dosing.

Omalizumab 75—375 mg was administered every 2 or 4 weeks
by subcutaneous injection, with the dose being selected from a
standard dosing table (Fig. 1)'5'8'9 according to baseline serum
total IgE level and bodyweight.

The doses of ICS and other controller medications for asthma
were kept constant for 4 weeks before the screening period, and
were maintained during the screening period and the fixed phase
of the treatment period (unless adjustment was required for an
asthma exacerbation). During the first 4 weeks of the adjustable
phase of the treatment period, doses could be adjusted downward
according to the JPGL 2008 based on the investigator's judgment.
During the remaining 4 weeks of the adjustable phase, the doses
established during the first 4 weeks of the adjustable period were
kept stable. Rescue medication use was permitted as required
throughout the study.

Patients self-monitored and recorded their asthma symptoms,
limitation of daily activities, sleep disturbances and rescue
medication use in their diaries during the screening and treat-
ment periods; they also measured and recorded their peak flow
daily.

The study was conducted in accordance with good clinical
practice, and the protocol was approved by each institution's ethics
committee. Parents or legal guardians were informed of study
procedures and medications, and provided written informed con-
sent before their child’s enrollment. The study was registered at
http://clinicaltrials.gov with the identifier: NCT01155700.



366

H. Odajima et al. / Allergology International 64 (2015) 364—370

Boseline IgE Body weight (kg) |
(U/mL) 220~25 | >25~30 | >30~40 | >40~50 | >50~60 | >60~70 | >70~80 | >80~90 | >80~125|>125~150]
230 ~ 100 | 75 75 75 150 150 150 150 150 300 300
>100 ~ 200 | 150 150 150 300 300 300 300 300 225 300
>200 ~ 300 | 150 150 225 300 300 225 225 225 300 375
>300 ~ 400 | 225 225 300 | 225 225 225 300 300
>400 ~ 500 | 205 300 225 225 300 300 375 375
=500 ~ 600 300 300 g 300 300 ars
>600 ~ 700 | 300 225 225 300 375
>700 ~ 800 | 226 225 300 375
>800 ~ 900 | 226 225 300 375 Do not dosed
>900 ~ 1000 225 300 375
>1000 ~ 1100 225 300 375
>1100 ~ 1200 300 300
>1200 ~ 1300 300 375

Fig. 1. Omalizumab dosing table (mg/dose). The omalizumab dose was administered by subcutaneous injection every 4 weeks (white cells) or 2 weeks (gray-shaded cells).

Study assessments

The primary objective was to examine whether the geometric
mean of the serum free IgE level at week 24 was <25 ng/mL. A
reduction to this level of free IgE with omalizumab has previously
been shown to be efficacious.!" Free IgE levels were measured by
enzyme-linked immunosorbent assay (ELISA) as previously
described.2%?!

Secondary or exploratory efficacy endpoints included change
from baseline to week 24 in: 1) mean total asthma symptom score,
which included morning, daytime and nocturnal asthma score
(0 = no symptoms, 1 = wheezing or tightness in chest, 3 = mild
asthma attack, 6 = moderate asthma attack, 9 = severe asthma
attack) and cough score (0 = no or 1 = yes); 2) mean daily activity
score (0 = not limited, 6 = slightly limited, 12 = almost limited,
18 = completely limited); and 3) mean nocturnal sleep score
(0 = sleeping well, 3 = experiencing night symptoms, but able to
sleep, 6 = awakening during the night sometimes, 9 = having
difficulty sleeping). All of these were calculated according to the
standard rating scale of the Japanese Society of Allergology.?? In
addition, we assessed asthma-specific quality of life (QOL) score,
measured using the “QOL questionnaire for pediatric patients with
bronchial asthma and their parents or caregivers-short form
version 2008 (Gifu)",>*> which consists of a physical (sum of the
components of asthma attack, instability of symptoms, exercise
load) and an emotional (sum of the components of emotional
burden and proper acceptance of asthma) domain, with each
component consisting of 2 items each scored between 1 and 5
(1 = severe impairment; 5 = no impairment). We also measured
mean rescue medication use and the use of asthma controller
medications, as well as mean morning peak expiratory flow (PEF),
FEV; and forced expiratory flow rate at 25%—75% of forced vital
capacity (FEFa5_75%). We also analyzed the change from baseline in
the rates of clinically significant asthma exacerbations (defined as a
worsening of asthma symptoms that required doubling of the
maintenance ICS dose for at least 3 days and/or systemic [oral or [V]
corticosteroids), hospitalizations and ER visits due to asthma.

Safety assessments consisted of recording adverse events (AEs),
serious adverse events (SAEs), vital signs and any clinically signif-
icant changes in laboratory values, including hematology and blood
chemistry, during the 24-week treatment period. Anti-omalizumab
antibodies (IgG) were measured by ELISA as previously described”!
at baseline and 16 weeks after the final dose.

Statistical analysis

For primary analysis, the geometric mean and 95% confidence
interval (CI) of the serum free IgE level at week 24 were calculated,
assuming that the serum IgE levels followed a log-normal distri-
bution. Descriptive statistics were used to summarize secondary or

exploratory efficacy endpoints. 95% Cls for the mean change from
baseline were calculated at each post-baseline visit. The Wilcoxon
signed-rank test for paired data was used for the rate of asthma
exacerbations, hospitalizations, and ER visits for asthma, and for
QOL to compare scores between baseline and post-treatment.
Missing values were imputed using the last observation carried
forward approach, as appropriate. Safety variables were summa-
rized descriptively.

Results
Patient baseline characteristics

Of the 51 patients screened, 38 patients (6—15 years) were
eligible for inclusion, were treated with omalizumab, and
completed the study. No patients discontinued.

A summary of the demographic and baseline characteristics are
shown in Table 1. The mean age and duration of asthma were 10.7
years and 8.4 years, respectively. 27 patients (71.1%) had allergic
sensitization to at least 4 perennial allergens. Mean ICS dose (FP
equivalent) was 469.7 pg/day—more than double the maximum
approved dose (200 pg/day) for children in Japan—and most pa-
tients (97.4%) were using LTRA and LABA, respectively. Patients had
experienced a mean of 3.1 asthma exacerbations, and 22 patients
(57.9%) had been hospitalized at least once for an asthma-related
event (mean number of hospitalizations: 1.4) in the year to study
entry. At baseline, most patients (94.7%) had limitation of daily
activities.

Efficacy

The geometric mean of serum free IgE levels, which was
778.7 ng/mL at baseline, markedly decreased to 15.6 ng/mL (95% CI,
13.8—17.5) at week 24, which is below the target level of 25 ng/mL.

Mean total asthma symptom score, daily activity score and
nocturnal sleep score over time are shown in Fig. 2. Treatment with
omalizumab led to statistically significant improvements in these
scores at week 24 compared with baseline (Table 2). The number of
patients whose scores were 0 (zero) was greatly increased at study
completion compared with baseline: for total asthma symptom
score, no patients at baseline and 11 patients (28.9%) at study
completion; 2 patients (5.3%) and 24 patients (63.2%) for daily ac-
tivity scores; and 9 patients (23.7%) and 26 patients (68.4%) for
nocturnal sleep score.

The mean (SD) number of puffs/tablets per week of asthma
rescue medication was 6.6 (11.17) at baseline and 2.2 (4.82) at week
24, a significant reduction of 4.4 (95% ClI: —6.9, —1.9) per week.

The rate of asthma exacerbations per patient-year over the 24-
week treatment period was statistically significantly lower
compared with baseline (0.92 vs 2.99; p < 0.001; relative reduction
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Table 1
Baseline demographic and clinical characteristics.

Omalizumab (n = 38)

Age (years), mean (SD) 10.7 (2.46)
Age distribution (years), n (%)
6-9 14 (36.8)
10-15 24 (63.2)
Sex, n (%)
Male 23 (60.5)
Female 15(39.5)
Duration of asthma (years), mean (SD) 8.4 (3.05)
Total serum IgE (IU/mL), median (range) 335.5 (33.6—-1050.0)
FEV, (% of predicted), mean (SD) 90.29 (19.336)
FEF,s_7sx (% of predicted), mean (SD) 7630 (27.227)
FEV, reversibility, mean (SD) 25.76 (24.228)
Number of asthma exacerbations' in the 3.1 (2.01)
previous year, mean (SD)
MNumber of hospitalizations due to asthma in the 1.4 (1.69)
previous year, mean (SD)
Number of ER visits' due to asthma in the 0.7 (1.09)

previous year, mean (SD)
ICS dose at baseline (pg/day, fluticasone propionate equivalent)

Mean (SD) 469.7 (199.84)

Median (range) 500 (250-1000)
Asthma long-term control medications at baseline, n (%)

Leukotriene receptor antagonist 37 (974)

Long-acting By-agonist 37(974)

Sustained-release theophylline 23 (60.5)

Sodium cromoglycate 3(7.9)

Oral corticosteroid 0
Profile of inadequate asthma control at screening period, n (%)

Asthma symptoms every day 12 (31.6)
Night-time symptoms >2 out of the previous 25 (65.8)
14 days

Limitation of daily activities >2 out of the 36(94.7)

previous 14 days

ER, emergency room; FEV,, forced expiratory volume in one second; ICS, inhaled
corticosteroid; SD, standard deviation.

! Asthma exacerbations requiring a doubling of the maintenance ICS dose for at
least 3 days and/or systemic (oral or IV) corticosteroids.

* 1If hospitalization and ER visit occurred on the same day, the event is counted as
hospitalization.

69.2%; Fig. 3a). Significant improvement was also observed in a
subgroup of patients treated with high-dose ICS (=500 pg/day, FP
equivalent) and two or more controller medications compared with
baseline (n = 20, 0.54 vs 3.05; p < 0.001).
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Fig. 2. Mean total asthma symptom score, daily activity score and nocturnal sleep
score over 24 weeks. Scores were summarized in the value per week derived by two-
weekly period.

Table 2
Change from baseline in total asthma symptom score, daily activity score and
nocturnal sleep score at 24 weeks.

Baseline n = 38 Week 24 n = 38
Total asthma symptom score’
Mean (SD) 21.9 (2027) 8.3(11.48)
Change from baseline -13.6 (19.23)
95% 1 -20.0,-73
Daily activity score!
Mean (5D) 21.0(17.87) 39(7.98)
Change from baseline -17.1 (17.90)
95% C1 -23.0,-11.2
Nocturnal sleep score’
Mean (SD) 92 (9.82) 2.8(6.39)
Change from baseline —-6.4(11.29)
95% C1 -10.1, =27

The higher scores represent worsening of total asthma symptom, more impaired
daily activity and nocturnal sleep, respectively.

! Scores were summarized in the value per week derived by last two weeks for
the baseline and the 24-week treatment period.

The rate of hospitalizations for asthma per patient-year was 0.29
over the 24-week treatment period, compared with 1.33 at base-
line, representing a reduction of 78.2% in patients receiving oma-
lizumab (p < 0.001, Fig. 3b). ER visits due to asthma over the 24
weeks were reduced by 32.4% versus baseline, but the difference
was not statistically significant (p = 0.381, Fig. 3c).

At week 24, omalizumab was associated with improvements
compared with baseline across all individual components of QOL
(Fig. 4a). Physical domain (Fig. 4b), emotional domain (Fig. 4c) and
overall (Fig. 4d) scores reached almost the upper limit of the ranges,
and showed statistically significant improvements versus baseline
(p < 0.001).

Twenty-four weeks' treatment with omalizumab resulted in
modest improvements in lung function. Mean (SD) morning PEF
was 246.2 (72.22) L/min at baseline and 269.3 (95.59) L/min at
week 24, representing a significant increase of 22.4 L/min
(p < 0.05), but the change from baseline in mean (SD) % predicted
morning PEF was not significant [82.0 (21.00) % vs 86.9 (33.15) %;
difference of 5.17%]. Mean (SD) FEV; (% predicted) values and
FEF;5_75% (% predicted) values were similar at baseline and at week
24 [90.3 (19.34) % and 89.7 (23.10) % for FEV, (% predicted); 76.3
(27.23) % and 75.8 (32.68) % for FEF;5-75% (% predicted)].

At week 24, 11 patients (28.9%) had reduced the dose of any
asthma controller medication compared with the baseline
(Table 3). No patterns were noted with respect to the specific
classes of controller medications that were reduced.

Safety

Overall, 36 of 38 (94.7%) patients experienced at least one AE
during the treatment period. All AEs were mild or moderate in
severity. The most common AEs (>20%) were nasopharyngitis,
upper respiratory tract infection, asthma, and gastroenteritis
(Table 4).

Six patients experienced SAEs (due to hospitalization) during
the treatment period; asthma (asthma exacerbation) in five pa-
tients and urticaria in one patient. Relationship with omalizumab
was not denied in two SAEs (asthma exacerbation and urticaria),
which resolved completely with additional treatments.

No new safety concerns relating to AEs of particular clinical
interest were evident. There were no cases of anaphylactic re-
actions, malignancies, serum sickness, Churg-Strauss syndrome,
thrombocytopenia, or arterial thromboembolic events. No clinically
relevant abnormalities in laboratory tests (including platelet
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Fig. 3. Changes in rate {per patient-year) of asthma exacerbations (a), hospitalizations (b) and ER visits (c) due to asthma between baseline (previous 12 months before the start of
the study plus the screening period) and 24 weeks of the treatment period. If hospitalization and ER visit occurred on the same day, the event was counted as a hospitalization. The
rates at baseline were derived as the total number of events observed during previous 12 months before the study plus the study screening period divided by the total amount of
time (in years) of the patients in this period. The rates at 24 weeks were derived as the total number of events observed during 24 weeks of treatment period divided by the total
exposure (in years) of the patients in this period.
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Table 3
Summary of number of patients with dose reduction or discontinuation of asthma
long-term controller medications.

Omalizumab (n = 38)

Baseline n Dose reduction or
discontinuation’
at week 24 n (%)

Any medication o2 11 (28.9)
Inhaled corticosteroid 38 4(10.5)
Leukotriene receptor antagonist 37 2(54)
Long-acting f>-agonists 37 4(10.8)
Sustained-release theophyllines 23 4(174)
Sodium cromoglycate 3 1(33.3)

" Discontinuation; Leukotriene receptor antagonist (2 patients), Long-acting f2-
agonists (3 patients), Sustained-release theophyllines (4 patients), Sodium cromo-
glycate (1 patient).

¥ The denominator of percentage for each asthma long-term medication is the
number of patients who used each medication at baseline.

counts) were observed. No anti-omalizumab antibodies were
detected.

Discussion

This is the first study investigating the efficacy including free IgE
suppression and safety of omalizumab in Japanese pediatric pa-
tients with severe persistent allergic asthma uncontrolled with
current standard therapy.

The primary objective was to examine whether omalizumab
decreases serum free IgE levels to less than 25 ng/ml (target level of
suppression). As a result, the geometric mean of serum free IgE
levels at week 24 was <25 ng/mL, which indicates that the current
dosing recommendations for omalizumab are appropriate for Jap-
anese pediatric patients as well as for Japanese adult and Caucasian
adult/pediatric patients.

Associated with free IgE reduction, treatment with omalizumab
led to significant improvements in asthma control. Compared with
baseline, total asthma symptom scores, daily activity scores and
nocturnal sleep scores were markedly improved. The frequencies

Table 4
Incidence of adverse events.

Omalizumab (n = 38) n (¥)

Patients with any adverse event 36 (94.7)
Discontinued due to adverse event 1]
Patient with serious adverse events 6(15.8)
Asthma (asthma exacerbation) 5(13.2)
Urticaria 1(26)
Most frequent adverse events'
Nasopharyngitis 10 (26.3)
Upper respiratory tract infection 10(26.3)
Asthma 8 (21.1)
Gastroenteritis 8(21.1)
Bronchitis 5(13.2)
Headache 5(13.2)
Abdominal pain 4(10.5)
Stomatitis 4(10.5)
Urticaria 4(10.5)
Arthralgia 3(7.9)
Constipation 3(7.9)
Contusion 3(7.9)
Influenza 3(7.9)
Injection site pain 3(7.9)
Pyrexia 3(7.9)
Patients with any drug-related adverse events 10 (26.3)
Most frequent drug-related adverse events'
Headache 4(10.5)
Injection site pain 3(7.9)

! Occurring in three or more patients.

of asthma exacerbations and hospitalizations due to asthma were
reduced by 69.2% and 78.2%, respectively. QOL scores were also
significantly improved, almost to the upper limits of the range. In
addition, approximately 30% of patients were able to reduce the
dose of any asthma controller medications. These consistent im-
provements including QOL were not observed in the previous
randomized controlled trial,"® but this could be explained by the
differences in the QOL questionnaire used in the studies. The
questionnaire?® used in this study assesses the QOL of both chil-
dren with asthma and their parents or caregivers, while the pe-
diatric asthma quality of life questionnaire?® used in the previous
randomized controlled trial focuses only on pediatric patients.
Because the parents (or caregivers) are deeply involved in daily
lives and therapies of their children and poorly controlled asthma
of their children impair both QOLs,>>?® this study could more
comprehensively evaluate the QOLs affected by pediatric asthma.
Although there is a limitation due to the nature of this study
(uncontrolled, non-randomized), our results support the role of
omalizumab in the management of Japanese children with severe
allergic asthma.

Regarding lung function at baseline, FEV; (% predicted) value
was normal (90.3%), while FEFa5_75% (% predicted) was diminished
(76.3%); this is consistent with the expected characteristics of se-
vere persistent asthma.”’ Overall, omalizumab was associated with
little change in lung function between baseline and week 24 (PEF,
FEV:; and FEFa5-75%), which was also observed in previous
studies.'®?® One possible reason might be because omalizumab
does not have a direct bronchodilator effect, it may not be effective
enough to improve lung function in severe asthma patients who
were already treated with LABA in association with high dose ICS.
In children and adolescents with severe asthma, a progressive
decline in lung function is observed over time,>*” and asthma ex-
acerbations are thought to be associated with excess lung function
decline.’ Therefore, the longer-term effects of omalizumab on lung
function should be investigated further.

Twenty-four-week treatment with omalizumab was generally
well tolerated. No patients discontinued the study. All adverse
events were mild or moderate in severity and particular AEs of
concern for pediatric patients were not observed. Six patients
experienced SAEs, all of which resolved completely with additional
treatments. The safety profile of omalizumab in the study was
comparable to that observed in the previous study,'>'® and no new
safety concerns were identified.

Several randomized studies have established omalizumab as an
effective and well-tolerated agent for use as add-on therapy in
pediatric patients with moderate to severe persistent allergic
asthma,'>'%!% put the impact of long-term treatment with omali-
zumab on the natural course of asthma is a key unanswered
question. There is some evidence that omalizumab might have a
disease-modifying effect. Nopp et al. reported that most of the adult
asthmatic patients who stopped omalizumab after approximately 6
years had improved or unchanged disease 3 years after stopping.’’
In contrast, withdrawal of omalizumab after less than a year of
treatment resulted in a return to the pre-treatment clinical state
within months.?' Lowe et al. have suggested that IgE production in
patients with allergic asthma might be reduced during long-term
treatment with omalizumab.’? Long-term effect of omalizumab
has never been investigated yet in children. Because pediatric se-
vere asthma often persists into adult life, sometimes in a trouble-
some way,>? any disease-modifying effect of omalizumab would be
of interest.

In conclusion, the results of this study indicate that omalizumab
is effective on symptoms, exacerbations and QOL, and is well
tolerated as an add-on therapy in Japanese pediatric patients with
uncontrolled severe persistent allergic asthma.
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Abstract

Objective There is a discrepancy in the intensity of breath sounds in chronic obstructive pulmonary discase
(COPD) patients between subjective studies, which have reported a diminished intensity, and objective stud-
ies using airflow-standardized measurements, which have not demonstrated a diminished intensity. We herein
evaluated the breath sound intensity in COPD patients during tidal breathing in order to obtain clinically rele-
vant results.

Methods The subjects included 20 stable COPD patients and 20 normal controls. Microphones were at-
tached to six sites on the chest wall, and breath sounds at the chest wall and airflow in the mouth were
measured during resting tidal and deep tidal breathing. The octave-band power values of the breath sounds
were subsequently calculated.

Results 1. During resting breathing, the intensity of breath sounds during both inspiration and expiration
was significantly greater in the COPD group than in the control group; the difference was prominent at
higher frequency bands (>400 Hz). In addition, the power of the high frequency bands tended to be posi-
tively correlated with the CT visual emphysema scores but not the forced expiratory volume in one second,
The airflow during resting breathing did not differ between the two groups. 2. During deep breathing, the in-
tensity of inspiratory breath sounds at the dominant frequency band (200-400 Hz) was diminished over the
upper and middle lung fields in the COPD group compared to that observed in the control group, while the
intensity during expiration was not. The airflow during deep breathing was lower in the COPD group than in
the control group.

Conclusion In the present study, the breath sound intensity in the COPD patients was diminished during
deep inspiration due to a reduced airflow and increased during both resting inspiration and expiration.

Key words: acoustics, auscultation, breath sounds, chronic obstructive pulmonary disease, lung sounds

(Intern Med 54: 1183-1191, 2015)
(DOI: 10.2169/internalmedicine.54.3161)

strated the diagnostic efficacy of auscultation (2, 3). For ex-

Introduction

Chronic obstructive pulmonary disease (COPD) is a dis-
ease state characterized by airflow limitation that is not fully
reversible and is usually progressive (1). The diagnosis of
COPD is confirmed on spirometry in patients with relevant
symptoms or a history of exposure to risk factors (1). Al-
though physical examinations are not considered to be use-
ful for diagnosing COPD (1), several studies have demon-

ample, Pardee et al. and Bohadana et al. showed that the in-
tensity of subjectively quantified breath sound is signifi-
cantly correlated with the degree of airflow obstruc-
tion (4, 5), indicating that decreased breath sounds are an
important sign of COPD. In contrast, Schreur et al., Sano
and Malmberg et al. showed that the intensity of objectively
measured breath sounds is not decreased in patients with
emphysema (6-8).

This discrepancy can be explained by the fact that the
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Figure 1.

Chest CT images of typical COPD patients. The patient in Case 1 has very severe emphy-

sematous changes. The CT visual score determined according to Goddard’s scoring system is 19
(4+4+2+4+2+3, from the right upper to left lower lung fields). The patient in Case 2 has relatively mild
emphysematous changes, with a CT visual score of 6 (2+2+0+2+0+0).
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Figure 2. Experimental set-up.

measurements were obtained at a specified airflow, whereas
previous qualitative studies have assessed rapid and deep
breathing in order to obtain the loudest breath sounds I[rom
the subjects.

Nevertheless, there have been no studies to date regarding
whether the breath sound intensity in COPD patients is de-
creased during tidal breathing, which may be an important
issue in daily clinical practice. Moreover, this topic is im-
portant for the future development of computerized lung
sound analyses without airflow measurements for the diag-
nosis of COPD. Hence, the aim of this study was to eluci-
date the characteristics of breath sounds during resting and
deep tidal breathing in COPD patients in comparison with
that observed in normal subjects.

Materials and Methods

Subjects

A total of 20 patients with COPD and 20 normal control
subjects participated in this study. The patients with COPD
were selected from among outpatients and inpatients visiting
our hospital for rehabilitation. The diagnosis of COPD was
made based on the GOLD criteria for spirometry [forced ex-
piratory volume in one second/forced vital capacity (FEV./
FVC) <70%], which was performed within six months. Pa-
tients with a history of acute illness within the previous
eight weeks were excluded. Spirometry was performed im-
mediately after the measurement of breath sounds in the
control subjects. Meanwhile, chest CT images obtlained
within 12 months, which were available in 17 COPD pa-
tients, were used to quantify the extent of emphysema ac-
cording to Goddard’s visual scoring method (9) (Fig. 1). CT
visual scores were subsequently determined as the average
values by three independent physicians (two pulmonologists,
one radiologist).

The normal subjects were recruited from among employ-
ees of our hospital and their families. The control partici-
pants had no abnormalities on periodic medical examina-
tions, including chest X-ray images, and exhibited a smok-
ing history of <10 pack-years. The study protocol was ap-
proved by the Ethics Commitiee of Fukuoka Hospital (refer-
ence number: 22-47), and all subjects provided their written
informed consent.
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Table 1. Characteristics of the COPD Patients
and Control Subjects.

Control COPD p value
Age 49.0+7.4 72.6+7.4 <0.0001
Height(cm) 169.5+4.9 164.145.2 0.0017
Weight(kg) 68.8+13.1 56.0+11.1 0.0020
BMI 23.843.7 20.7+3.6 0.0113
FEV/FVC(%) 85.8+4.4 43.35¢15.5  <0.0001
FEV) (%pred.) 102.1£12.1  49.6+¢21.9 <0.0001
FEF25-75% (%opred.) 98.5+19.0 21.1+16.2 <0.0001
FEF50% (%opred.) 97.6+20.8 18.1£12.0 <0.0001
FEF75% (%opred.) 74.6+27.2 19.6+12.3 <0.0001

Mean £ SD values are presented. BMI: body mass index

Breath sound measurements

The breath sounds were recorded using a custom-made
recording system for lung sounds (Fig. 2) in a quiet room in
the hospital. The recording system was comprised of six air-
coupled microphones (ECM-PC60, SONY, Tokyo, Japan),
amplifiers, a pneumotachograph (SP-310, Fukuda Sangyo,
Chiba, Japan), A/D converter and personal computer. Micro-
phones were attached to six sites on the chest wall (bilater-
ally at the anterior second intercostal space on the midcla-
vicular line, between the fifth vertebra and scapula and 3 cm
above the lung base at the midscapular line) with double-
sided adhesive tape. The breath sounds recorded by the six
microphones were amplified and subsequently digitized with
a 16-bit resolution at a sampling frequency of 12.5 kHz per
channel. The airflow in the mouth measured using the pneu-
motachograph was digitized simultaneously.

Two measurement sessions were performed successively
in an upright seated position. The subjects were instructed to
breathe through the mouth piece of the pneumotachograph
for 60 seconds of “resting breathing” and “‘deep breathing”
at the first and second sessions, respectively. The breathing
maneuver was not strictly defined; therefore, it varied ac-
cording to the subject. A nose clip was used to prevent nasal
breathing.

Breath sound analysis

The recorded sound and airflow signals were analyzed us-
ing a custom-made computer program. The program visual-
ized the six lung sound channels as a spectrogram and air-
flow curve, simultaneously. The program scanned all airflow
data to determine the inspiratory and expiratory phases.
Thereafter, the program scanned the airflow data during
each breath to identify a segment of 0.655 seconds (8,192
data points) with the highest mean airflow for each breath
and each phase. The mean airflow values (L/s) were used in
the subsequent analyses. Thereafter, data segments that in-
cluded adventitious sounds or various noises were excluded
based on a visual inspection of the sound spectrogram. Con-
sequently, 16.0 breaths during resting breathing and 12.4
breaths during deep breathing were selected on average in
each subject. For each selected segment, the power in three
octave bands [200-400 Hz: low frequency (LF), 400-800

DOI: 10.2169/internalmedicine.54.3161

Hz: middle frequency (MF), 800-1,600 Hz: high frequency
(HF)] was calculated using a fast Fourier transform (8,192
points, Hanning window). The <200-Hz frequency band was
not analyzed because muscle and heart sounds are difficult
to eliminate from the breath sounds within this band (10).
The recording system was calibrated using a reference sound
pressure [94 dB (0 dB=20 pPa), 1 kHz], and all data were
expressed as the dB SPL.

Statistical analysis

The octave band power values (in dB) were averaged for
each subject and for each of three sites (upper anterior, mid-
back and lower back; bilateral data were combined) accord-
ing to four conditions: resting inspiration, resting expiration,
deep inspiration and deep expiration. These values were
compared between the control and COPD groups using the
unpaired t-test.

The airflow was compared between the two groups using
the unpaired t-test because the breath sound power depends
on the airflow. A multiple regression analysis was employed
to elucidate the difference in the effects of the airflow on
the intensity of breath sounds between the two groups. Mul-
tiple regression analyses were also used to exclude the con-
founding effect of the body mass index (BMI) on the differ-
ences in the breath sound intensity between the two groups.

Results

Characiteristics of the subjects

The characteristics of the participants are presented in Ta-
ble 1. The mean age was higher in the COPD group than in
the control group, and the mean BMI was significantly
higher in the control group than in the COPD group. One
patient was classified as having GOLD stage I disease, nine
patients as having stage Il disease, five patients as having
stage IIT disease and five patients as having stage IV dis-
ease.

Breath sound intensity

1) Resting tidal breathing

The intensity of breath sounds during resting tidal breath-
ing in the COPD and control groups is presented in Fig. 3.
During both inspiration and expiration, the breath sound in-
tensity in the COPD group was significantly louder than that
observed in the control group in all frequency bands, regard-
less of the recording site; the difference was prominent at
higher frequency bands (>400 Hz; MF, HF). The mean in-
spiratory MF power of six sites was 42.9 dB (SD 4.9) and
34.6 dB (SD 2.4) in the COPD and control groups, respec-
tively. This value was more than 37 dB in 19 (95%) COPD
subjects and three (15%) control subjects. Fig. 4 shows the
sound spectrogram of the breath sounds in the representative
COPD and control subjects.
2) Deep breathing

The intensity of breath sounds during deep breathing var-
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Figure 3. Breath sound intensity during resting breathing in the COPD patients and control sub-

jects. Mean+SD values are shown. LF: power within the low-frequency band (200-400 Hz), MF: pow-

er within the middle-frequency band (400-800 Hz), HF: power within the high-frequency band (800-

1,600 Hz), Upper: anterior upper lung field, Middle: posterior middle lung field, Lower: posterior

lower lung field
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Figure 4. Representative sound spectrograms of breath sounds during resting tidal breathing
(10 s). Airflow at the mouth and sound spectrograms at six sites on the chest wall are shown in a
COPD subject (A: the same subject as in Case 1 in Fig. 1) and a control subject (B). In the COPD case,
spectra of higher frequency (>400 Hz) are increased in both the inspiratory and expiratory phases
compared with that observed in the normal case.
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ied according to the frequency band, recording site and res-
piratory phase (Fig. 5). During inspiration, the LF band was

(L/s) Resting
2
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p=0.0027

diminished in the upper and middle lung fields, whereas the
HF band was not diminished in any lung field and in fact

1.5 1.5

L p=0.0008

increased in the lower lung field, in the COPD group com-
pared with the normal group. During expiration, the breath

—

sound intensity was not different between the two groups,
except in the lower lung filed, where the breath sounds were

0.5

0.5

—

louder in the COPD group than in the normal group at all
frequency bands (Fig. 3). '

Control

£g 8
&8 8

Effect of the airflow

During resting tidal breathing, the airflow did not display
significant differences in either the inspiratory or expiratory

Figure 6. Comparison of airflow between the COPD patients
and control subjects. Mean+SD values are shown. Average val-
ues of the airflow during each 0.655-s segment were used for
the analysis.

phases between the COPD and control groups. However,
during deep breathing, the airflow was approximately 1.5
times higher in both phases in the control group than in the
COPD group (Fig. 6).

Airflow vs. breath sound intensity scatter plots, including
both resting and deep breathing data, showed that the breath

1187
— 108 —



Intern Med 54: 1183-1191, 2015

DOI: 10.2169/internalmedicine.54.3161

Inspiration .
LF a8 MF dB
80 80
70 70
e og@“: 60 = 60
Upper e % x % wx"x U2 W o
Y 5 B €. s
‘*n wxa o B g
<] - 40 o!& olkg © “
3
- T T 30 ‘ T v T 30
0.2 0.4 08 16 Lis 02 04 08 16 Lis
LF dB MF a8
80 80
3 70 70
. x Fro
60 60
Lower e A R 3
TR 0 X 5 0
o . * e faxo® o i
3 o
oy
. . : ; 50 —he® ° . »
0z 04 03 16 Ls 02 04 - 16 L
Expiration
LF dn MF dB
80 70
70 @
o, %
U x xl,k" # o &0 = t"": L5 50
l 50 x x *xX g A
reer —oaNTAEFo | v e | 40
o = {loﬁ o
30 30
r T T 20 r T T 20
02 0.4 08 16 Lis 0.2 04 08 16 s
LF dB MF dB
80 80
70 70
5 60
x $% G, x o
Lower T EXT O By B e s : xx “i%E  » 50
%50 e 40 = '3; _:u' T3 pr— 40
30 o © < 30
L . r 20 - v . 0
0.2 0.4 0.8 16 Lis 0.2 04 08 16 La
= COPD
© Contrel

Figure 7. Relationship between the breath sound intensity and airflow. Multiple regression analysis
using the breath sound power as the dependent variable and the air flow (log-transformed and cen-
tered), a dummy variable (0.5: COPD, -0.5: control) and an interaction term (airflowxdummy vari-
able) as independent variables revealed the independent contribution of both airflow (p<0.000001)
and COPD (p<0.0001) to the breath sound power. There were no significant interactions between the
presence of COPD and the airflow on this relationship, except for the inspiratory LF value in the up-
per lung field (p=0.023). LF: power within the low-frequency band (200-400 Hz), MF: power within
the middle-frequency band (400-800 Hz), Upper: anterior upper lung field, Lower: posterior lower

lung field

sounds tended to be louder in the COPD group than in the
control group at an equivalent airflow, regardless of the re-
cording site (Fig. 7). The statistical difference between the
control and COPD groups was confirmed in a multiple re-
gression analysis.

Determinants of increased resting breath sounds in
the COPD patients

We next investigated the relationship between the breath
sound intensity during resting tidal breathing and the CT
visual scores for emphysema in 17 COPD patients. In the
expiratory phase, the breath sound intensity (average data
for all recording sites) was significantly (MF) or marginally

(LF, HF) correlated with the CT visual scores. In the inspi-
ratory phase, a significant correlation was observed for only
the HF band (Fig. 8). We also investigated the relationship
between the breath sound intensity and the FEV, (% pred.)
values in 20 COPD patients. Consequently, there were no
relationships between the breath sound intensity and FEV,
values during either inspiration or expiration (Fig. 9).

Effects of BMI and age on the breath sound inten-
sity
There were differences between the control and COPD

groups in terms of age and BMI. These factors may have
had confounding effects on the results of this study; there-
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Figure 8. Relationship between the CT visual scores of emphysema and the breath sound intensity
during resting breathing. LF: power within the low-frequency band (200-400 Hz), MF: power within
the middle-frequency band (400-800 Hz), HF: power within the high-frequency band (800-1,600 Hz)
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Figure 9. Relationship between the FEV: (%pred) and breath sound intensity during resting
breathing. LF: power within the low-frequency band (200-400 Hz), MF: power within the middle-
frequency band (400-800 Hz), HF: power within the high-frequency band (800-1,600 Hz)

fore, the effects of these variables were analyzed statisti-
cally. In the control group, there were no relationships be-
tween age and the breath sound intensity at any frequency
band (p>0.4), whereas BMI exhibited a negative correlation
with the breath sound intensity at the LF and MF bands in
the control group (Table 2). A multiple regression analysis
was performed using the tidal breath sound intensity as the
dependent variable and the BMI and CT scores (the scores
of the normal subjects were assumed to be 0) as the inde-
pendent variables. This analysis showed the CT emphysema
score to be significantly associated with the breath sound in-

tensity, independent of BMI (Table 3).

Discussion

In this study, we compared the breath sound intensity be-
tween the COPD patients and normal control subjects during
resting and deep tidal breathing. Consequently, during deep
inspiration, the breath sounds were weaker in the COPD
group than in the control group at the dominant frequency
band (200-400 Hz), which can be explained by the effects
of a reduced airflow. In contrast, during resting breathing,
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Table 2. Correlation between BMI and the
Breath Sound Intensity during Resting Breathing.

LF MF HF

Control Inspiration  p:-0.41 B:-0.35 p:-0.09
r:0.47 r:0.51 r:0.31

p:0.038 p:0.021  p:0.18

Expiration  B:-0.59 p:-0.42 B:-0.13

r:0.71 r:0.50 r:0.35

p:0.0004  p:0.023  p:0.12

LF MF HF

COPD Inspiration  (:0.076 p:0.20 p:-0.24
r:0.065 r:0.15 r:0.22

p:0.79 p:0.53 p:0.34

Expiration  p:-0.14 p:0.018  p:-0.11

r:0.13 r:0.014 r:0.13

p:0.59 p:0.95 p:0.57

LF: power within the low-frequency band (200-400 Hz), MF:
power within the middle-frequency band (400-800 Hz), HF:
power within the high-frequency band (800-1,600 Hz)

the inspiratory and expiratory breath sounds were louder in
the COPD group than in the control group, especially at
higher frequency bands (>400 Hz). Furthermore, the resting
expiratory breath sound intensity tended to be related to the
CT visual scores, not the FEV,, suggesting that the in-
creased expiratory breath sounds observed in the COPD
group were related to emphysematous changes rather than
airflow limitation.

Text books have traditionally described the characteristic
feature of emphysema being diminished breath sounds on
auscultation, as demonstrated in studies using subjective as-
sessments (11, 12). However, in a study using acoustic
measurements, Schreur et al. proved that the breath sound
intensity at a standardized airflow is not different between
normal and emphysematous subjects (6). That report is
based on data obtained during relatively rapid breathing (in-
spiratory target flow: 2 L/s, expiratory target flow: 1 L/s)
and the breath sound intensity expressed at 200 Hz. Another
study by Sano measured the breath sound intensity in the
200-400-Hz and 400-800-Hz bands at inspiratory flow rates
of 350 mL/s and 700 mL/s and found that breath sounds
were not decreased in patients with emphysema, and may in
fact be increased instead (7). In addition, Malmberg et al.
demonstrated that the breath sound intensity does not differ
between COPD patients and normal subjects during either
inspiratory or expiratory breathing at a target flow rate of
1.25 L/s (8). These studies are very imporiant because they
assessed breath sounds objectively at standardized airflows,
and their findings suggest that the decreased breath sounds
often observed in COPD patients in daily clinical practice
are the result of a decreased airflow.

In the current study, the breath sound intensity in the
COPD group was greater than that noted in the control
group when measured during resting tidal breathing. The
flow range of this study is similar to that used by Sano, and
the results are consistent with that study. However, the
present study is different in that no target flow was used and
the subjects thus breathed at their own pace. Hence, the

Table 3. Multiple Regression Analysis of the Variance of
Breath Sound Intensity during Resting Breathing.

Explanatory LF MF HF
variables
Inspiration  BMI B:-0.16 B:0.019 B:0.0060
p:0.36 p:0.88 p:0.96
CT score p:0.41 B:0.77 B:0.83
p:0.023 p<0.0001  p<0.0001
Expiration =~ BMI p:-0.27 p:-0.049 p:-0.0419
p:0.074 p:0.73 p:0.79
CT score p:0.50 p:0.68 B:0.60
pi<0.0001  p:<0.0001  p:0.0005

LF: power within the low-frequency band (200-400 Hz), MF: power
within the middle-frequency band (400-800 Hz), HF: power within the
high-frequency band (800-1,600 Hz). BMI: body mass index

findings of this study may be extended to auscultation. In
addition, the breath sound intensity during deep inspiration
in the COPD patients in this study was diminished at the
dominant frequency range (200-400 Hz), consistent with the
well-known clinical features of emphysema. Meanwhile, the
breath sound intensity was greater in the COPD group than
in the control group at similar airflow rates. Therefore, the
diminished breath sounds detected in COPD patients may be
due to the inability of these patients to increase their breath
sounds in comparison with controls due to a reduced airflow
during deep breathing. On the other hand, this pattern is not
observed for higher frequency components because enhance-
ment of these components in the setting of COPD counter-
balances the effects of a reduced airflow.

The mechanisms underlying resting breath sound en-
hancement in COPD patients required further investigation.
A possible factor is that COPD patients are thinner than
control subjects, However, the breath sound intensity corre-
lated positively with the CT emphysema score after adjust-
ment for BMI in this study. The generation of rhonchi or
wheezes in another possible factor, especially in bronchitis-
dominant type COPD subjects, as reported by Gavriely et
al. (13). However, this phenomenon was not observed in the
present study, as we eliminated the segments that contained
adventitious sounds. Other possible mechanisms may be as-
sociated with the production site and transmission of sound.
In normal subjects, breath sounds measured at the chest wall
are generated at intralobar sites in the inspiratory phase and
at more proximal sites in the expiratory phase (14, 15). It is
possible that airway narrowing in patients with COPD,
which may increase the airflow velocity in peripheral re-
gions, induces changes in the sites of breath sound genera-
tion. To our knowledge, no studies published to date have
determined the origin of breath sounds in COPD patients. If
breath sounds are produced at sites closer to chest wall sur-
face, the measurements will be greater in intensity, with en-
hanced high-frequency components, consistent with the fea-
tures noted in this study.

Certain changes in the characteristics of sound transmis-
sion in the lungs may also yield similar effects. It is possi-
ble that emphysematous or hyperinflated lungs possess in-
creased sound transmission properties compared with normal
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lungs due to the loss of tissue density. However, only one
previous study has investigated the sound transmission prop-
erties of COPD lungs (16). The findings of this study are
difficult to interpret with regard to the transmission proper-
ties of COPD lungs because the authors only measured the
ratio of a target region transmission to the apex transmission
when test signals (white noise) were introduced through the
mouth. Therefore, further studies to elucidate the sound
transmission characteristics of the lungs in COPD patients
versus normal subjects are needed to address this issue.

There are a few limitations associated with the present
study. First, the subjects’ characteristics, including age and
BMI, were not matched between the COPD and control
groups. Although the statistical analysis suggested that the
differences in these characteristics had very little influence
on the results, an additional study with matched control sub-
jects is needed to confirm our findings. Second, we used air-
flow monitoring at the mouth during the sound measure-
ments, which may affect the breathing pattern. Therefore,
the “resting breathing” state in this study may have differed
from the subjects’ normal resting tidal breathing. However,
we believe that the findings obtained during resting breath-
ing in this study are applicable for clinical auscultation dur-
ing periods of relatively quiet breathing. Finally, the fre-
quency characteristics of the air-coupled microphone may
have had certain effects on the results. The microphone it-
self has flat frequency characteristics between 50 to 15,000
Hz. However, it is well known that the sensitivity of air-
coupled microphones can deteriorate at a higher frequency
range (17). Therefore, it is possible that enhanced high-
frequency components are actually more prominent in
COPD patients than indicated by the present results.

Although breath sound auscultation was not performed in
this study, there is a possibility that the increased breath
sound intensity noted during tidal breathing is characteristic
of COPD during auscultation. Furthermore, the increased
high-frequency components of breath sounds identified in
the COPD patients is an interesting result. These frequency
components may not be detected during auscultation using
conventional stethoscopes, which are primarily designed to
acquire low-frequency sounds (18). If the above findings are
confirmed, modifying the frequency characteristics of stetho-
scopes may be useful. Moreover, our findings suggest that
measurements of the breath sound energy at higher frequen-
cies (400-1,600 Hz) may be used as a diagnostic tool to dis-
criminate between COPD patients and normal subjects.

In conclusion, the breath sound intensity in the COPD pa-
tients is diminished during deep inspiration due to a reduced
airflow and increased during both resting inspiration and ex-
piration. The increased breath sound intensity noted during
resting breathing, especially that involving high-frequency
components, may be related to the presence of emphysema-
tous changes on CT. Further studies are thus needed to clar-

DOI: 10.2169/internalmedicine.54.3161

ify the clinical implications of our findings.

This paper was presented in part at the 38th annual con-
ference of the International Lung Sounds Association on
November 14-15, 2013 in Kyoto, Japan.
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Angiotensin-converting enzyme genotype is a risk factor for

® CrossMark

wheat-dependent exercise-induced anaphylaxis sensitized with

hydrolyzed wheat protein

Dear Editor,

In Japan, substantial interest has recently focused on wheat-
dependent exercise-induced anaphylaxis (WDEIA) caused by
percutaneous and/or rhino-conjunctival sensitization of hydro-
lyzed wheat protein (HWP), Glupearl 195®, which was used as
ingredient of popular facial soap of which 46 million units had
been sold. To date, more than 2000 people in Japan have been diag-
nosed with HWP-sensitized WDEIA (HWP-WDEIA).!~> Apart from
the sensitization pathway, patients with HWP-WDEIA manifest var-
iable levels of immediate-type response following natural wheat
product ingestion and exercise, which is quite similar to conven-
tional WDEIA.'® Although some genetic factors may be respon-
sible for the manifestation of WDEIA, its pathomechanism
remains largely unknown. WDEIA is a rare disease in our country
but we have encountered some patients with near-fatal anaphy-
lactic reactions. Therefore this mechanism and genetic factors asso-
ciated with the risk for WDEIA should be investigated.

It has been reported that the angiotensin-converting enzyme
(ACE) genotype was associated with cardiovascular, thrombotic
and metabolic disorders.* ¢ Very recently, the ACE genotype was
implicated in the manifestation of anaphylactic reactions to food,
venom, and drugs.” The ACE gene, located at chromosome
17q23.3, has two allelic forms, with the presence (I) or absence
(D) of a 287-base-pair intron. The Il and ID genotypes are signifi-
cantly more common than DD in patients with anaphylaxis, with
odds ratios (ORs) of 44 and 5.6, respectively.” DD genotypes has
been reported as a risk factor of coronary heart disease and an ef-
fect modifier of its therapeutic effect.*5

In the present study, we examined the ACE genotypes of 47
HWP-WDEIA patients with a median age of 46.3 (range 16—75).
The allergologic data of the patients are shown in Table 1. We iso-
lated DNA from the patients' oral mucosa with the DNeasy Blood
&Tissue Kit® (Qiagen KK, Tokyo, Japan), and amplified it by PCR.
Samples were genotyped using the quenching probe method for
a single-nucleotide polymorphism (rs4341). Allele frequency of
the cases with WDEIA followed the Hardy—Weinberg equilibrium
(p = 0.88). The genotypes for WDEIA patients are shown in Table
2, along with the previously published data in a prospective
population-based cohort study for 2125 subjects aged 40 or older
Japanese living in the town of Hisayama, a suburban community
in Fukuoka prefecture, and participating in periodic health check-

Peer review under responsibility of Japanese Society of Allergology.
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ups.* We examined the association between the genotypes and
the risk of having WDEIA using this general population as a control
group. Logistic regression analysis with a statistical software,
STATA, revealed an increased risk for HWP-WDEIA in individuals
with the ID genotype (OR = 171, 95% confidence interval
(CI) = 0.50—-5.88) and in those with the Il genotype (OR = 2.75,
95% Cl = 0.83-9.12), compared with those with DD (p for
trend = 0.04). Persons with more I allele had a greater risk than
those with less I allele although the two point estimates of the
risk were not significant.

Table 1
Distribution of the 40 cases with HWP-WDEIA by sex, age, serum total IgE, and RAST
score for wheat, gluten and w-5gliadin.

Characteristics N

Sex Femnale 44
Male 3

Age (years) <20 1
21-30 3
31-39 11
41-49 11
51-60 11
=60 10

Serum total IgE (IUfmL) =170 35
170-500 8
501-1000 2
=1000 2

RAST score Class Wheat
0-1 32
2-3 11
=4 1
Missing 1
Class Gluten
0-1 28
2-3 18
=4 1
Missing 0
Class w-5gliadin
0-1 42
2-3 2
=4 2
Missing 2

RAST, radioallergosorbent test.

1323-8930/Copyright © 2015, Japanese Society of Allergology. Production and hosting by Elsevier B.V, This is an open access article under the CC BY-NC-ND license (http://creativecommans.aorg/
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Table 2
Genotypes of the ACE gene in cases with WDEIA and the general population.

HWP-WDEIA General population'
1I-ACE 27 (57.4%) 918 (43.2%)
ID-ACE 17 (36.2%) 927 (43.6%)
DD-ACE 3 (6.4%) 280 (13.2%)
Total 47 2125

HWP, hydrolyzed wheat protein; WDEIA, wheat-dependent exercise-induced
anaphylaxis.
! Quoted from a published study.*

To the best of our knowledge, no previous studies have examined
possible association between ACE genotypes and the risk of HWP-
WDEIA. ACE plays a key role in the circulating renin—angiotensin
system through converting angiotensin I to angiotensin Il. Another
important action of ACE is to degrade bradykinin to inactive pep-
tides.” Bradykinin induces endothelial nitric oxide (NO) production
and has been implicated in the development of anaphylaxis, such as
hypotension and mucosal swelling. Findings have suggested that
bradykinin and NO are involved in angioedema, which is mediated
by ACE inhibitors.”? Since aerobic exercise increases the interstitial
concentration of bradykinin and neuronal NO release, exercise may
enhance the onset of WDEIA. As the production of ACE is up-
regulated in the DD genotype compared with that in the ID and Il ge-
notypes,' the degradation of bradykinin tends to be accelerated in
individuals with the DD genotype.” ® These findings may explain
why individuals with the Il or ID genotype are more susceptible to
HWP-WDEIA. There are large differences in the reported 1/D fre-
quencies between studies and countries.!! Those different allele fre-
quencies might be related to the different prevalence of WDEIA
between countries. Because the present study were small in size, it
should be desirable to extend the present analysis in collaboration
with other institutes in order to have more reliable estimates of
the risk due to the genetic polymorphism based on a larger data
set. Furthermore a comprehensive genetic examination by use of
genome-wide association studies for other polymorphisms may
identify other candidate genes.
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BRI NTAER, RIAFET O R 26 [ (2016 ) BRI IUIE B RN G 51 1 > M 647 /5T
WEAED 541 KV IZ EF LE L2, AAED 1,000 sUSITRETE EHEATL,

ZOWRZHTHET L BROBEIEFIEA A LTI v [EEILRIGRIC 1T 2 B RULEDO R L
ERHELTWDH LI TT, —F, SRR CCERE®H V) & AEERRER ORGSR TN
LTWET, /o, A7 b7 77 Z—EMIGRIBIEML TWET,

fRRBEILIRER, BRARAFZE & 5K B NEEIFEE O 2 AHETT, HE L COPD OIakk
THRAES> TV DDIFFHECE £33, 5%IZT 7 F 2 LB AL FLEEOIRBROBESE N LT,
S OICEF ML (EHEHR) O EmAEENET,

FERGEN O BAEIE 1,000 SEZEET 2 2 LT, @RERBEOBIDFHE CTh 2R, 7 LLX
—, NRERICET 2 EE A ESE, BEERICET T, EBMOY —F—2 v 70b LICHE —F
BWEFAN— g U o TEROBEOM LICEDEL X .
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