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We commenced to estimate the economic impact of salmeterol/fluticasone combination (SFC) therapy compared
to fluticasone propionate (FP) therapy for asthma control in Japanese patients. A Markov model with five health states,
developed by Price in 2002, was used. 1-week transition probabilities among status of asthma management were ob-
tained from literature and epidemiological data from public data base. Direct cost for treatment was estimated from
Japan medical fee schedule. Cost and effectiveness were not discounted due to 12-week simulation by the model.
Univariate sensitivity analyses were undertaken to examine the main variables affecting cost-effectiveness. Probabilistic
analysis was also undertaken to discuss statistical argument and to provide information for decision-making. In this
analysis, the model was run over a 12-week period of time using transition probabilities. The results showed that treat-
ment with SFC resulted in a higher proportion of totally controlled weeks per patient than treatment with FP (65.0 vs.
49.5%; incremental effectiveness by 15.5% ), and lower mean direct asthma management costs (¥168 702 vs. ¥227 820)
Probabilistic sensitivity analysis, conducted to assess robustness of the above base case result, showed that in the 95%
cases SFC was dominant (more effective and less costly) to FP. It suggested that SFC will be the most cost-effective ther-
apy for asthma control. It would, however, be required to further evaluate cost-effectiveness of SFC in long-term obser-
vation.
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Fig. 1. Markov Model for Treatment and Management of Asthma!® and Transition Probabilities in Each Group
FP; fluticasone propionate, SFC; salmterol/fluticasone combination, TC; total control (represents successfully control), WeC; well control (represents sub-op-
timal control), HP; hospital-managed exacerbation, PC; primary care managed exacerbation, TF; treatment failure.
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PEF; peak expiratory flow.
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Table 2. Co-medication Costs Input into the Model
Mean 95% lower limit 95% upper limit
Per 6 months 46904 15135 98731
Per a week 1954 631 4114
Controllers Name Dosage NHIP Daily price Duration Cost (JPY)

Oral theophylline Teofurmate 400 mg 400 mg, UID 9.9 9.9 180 d 1782
Systemic [, agonist Cateptin tab 0.05 mg 50 ug, UID 7.2 7.2 180 d 1296
Oral allergic Ketoten 1 g 1 Cap BID 10.2 20.4 180d 3672
LTRA Kipres/Singulair 10 mg 1 Tab, UID 306.8 306.8 180 d 55224

LTRA; leukotrien receptor antagonist, NHIP; national health insurance price, UID

; once a day, BID; twice a day.
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Table 3. Regimen for Estimate of Emergency Room Visit

Item 1 Category Condition Point | Freq | Total

Chap 1 visit fee Initial visit fee Once 270 1 270
Chap 1 visit fee Extra fee for visit at night | Visit at 22:00 480 1 480
Chap 1 instruction fee |Drug information Once a month for outpatients 10 1 10
Chap 1 instruction fee |Asthma instruction Once a month 25 1 25
Chap 5 medication Prescription filled A medicine for external application (per prescription) 6 1 6
Chap 5 medication Prescription Per prescription 42 1 42
Chap 5 medication Drug See Appendix 1* 102 1 102
Chap 5 medication Prescription skill Once a month 8 1 8
Chap 6 laboratory Sp0O2 Percutaneous oxygen saturation 30 1 30
Chap 7 image diagnosis | x-ray Chest simple film (once) 159 1 159
Chap 8 injection Injection Subcutaneous injection 500 ml or less (for outpatient) 18 1 18
Chap 8 injection Injection Intravenous drip (for outpatient) 47 1 47
Chap 8 injection Drug See Appendix 2** 120 1 120
Chap 8 others NIPPV therapy Nasal-intermittent Positive Pressure Ventilation 65 1 65
Chapsothrs | Ovygen (addion | QT st tht e perorm for S Sll gy

points
Cost per visit| 13910

Assumption to calculate the cost, D use NHIP revised in 2006, 2) assume that a patient visits a medical institution with 200 beds due to moderate attack at

22:00, 3 initial visit.

* Appendix 1.

Name NHIP Dosage Unit Cost Point
Atrovent aerosol 1021 1 Bottle 1021 = 102
Total 1021 Total 102

** Appendix 2.

Name NHIP Dosage Unit Cost Point
Epinephrine (subcutaneous injection) 97 1 Vial 97 = 10
Aminophyllin (intravenous drip) 226 1 Vial 226 = 23
Solu-Cortef 100 mg 369 1 Vial 369 = 37
Solita T3G 500 1 Bag 500 = 50
Total 1192 Total 120

NHIP; national health insurance price.
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Table 4. Regimen for Estimate of Unscheduled Visit

Item 1 Category Condition Point | Freq | Total
Chap 1 visit fee Follow-up visit fee Once 70 1 70
Chap 1 instruction fee |Drug information Once a month for outpatient 10 1 10
Chap 1 instruction fee |Asthma instruction Once a month 25 1 25
Chap 5 medication Prescription filled A medicine for external application (per prescription) 6 1 6
Chap 5 medication Prescription Per prescription 42 1 42
Chap 5 medication Drug See Appendix 1* 102 1 102
Chap 5 medication Prescription slip Prescription slip 68 1 68
Chap 5 medication Prescription skill Prescription skill 8 1 8
Chap 8 injection Injection Subcutaneous injection (for outpatient) 18 1 18
Chap 8 injection Injection Intravenous drip (for outpatient) 47 1 47
Chap 8 injection Drug See Appendix 2** 120 1 120

Cost per visit| 5160

Assumption to calculate the cost, (D) use NHIP revised in 2006, 2) assume that a patient visits a medical institution with 200 beds due to moderate attack at day-

time, @ follow-up visit.

* Appendix 1.

Name NHIP Dosage Unit Cost Point
Atrovent aerosol 1021 1 Bottle 1021 = 102
Total 1021 Total 102

** Appendix 2.

Name NHIP Dosage Unit Cost Point
Epinephrine (subcutaneous injection) 97 1 Vial 97 = 10
Aminophyllin (intravenous drip) 226 1 Vial 226 = 23
Solu-Cortef 100 mg 369 1 Vial 369 = 37
Solita T3G 500 1 Bag 500 = 50
Total 1192 Total 120

NHIP; national health insurance price.
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Table 5. Resource Use and Costs Associated with the Model Health States

Health state

Resource costed

Weekly cost (JPY) per patient

SFC group FP group

Totally controlled The cost of SFC or FP

1533(50/100 ug diskus) 553 (100 ug diskus)

Well controlled The costs of SFC or FP and co-medication 1533+1954 55341954
Hospital-managed exacerbation Hospitalisation cost 268450 268450
Primary-managed exacerbation Unscheduled visit cost 5160 5160
Treatment failure* Hospitalisation and emergency room cost 268450+13910 268450+13910

* For treatment failure state, it was assumed that resource costed at initial five cycles only and no resource consumed at remaining cycles due to asthma death.

SFC; salmeterol/fluticasion combination, FP; fluticasone propionate.
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Table 6. Base Case Analysis on Cost-effectiveness of SFC vs. FP

SFC FP Diff ICER
Expected cost (JPY) 160702 | 227820 (2697 P ii )
. (o]
Dominant*
9 15.5%
% Totally controlled weeks 65.0 49.5 (1.85 wks)
Expected o o 1.0}
effectiveness % Hospitalisation rate 1.0 2.0 (50.0% 1)
% Proportion of treatment failure 7.4 14.0 6.6
: . (47.1% 1)

ICER; incremental cost-effectiveness ratio, SFC; salmeterol/fluticasone combination, FP; fluticasone propionate. * Situation that SFC is

more effective and less costly than FP.
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Probability of TC to PC
in SFC group

Probability of TC to HP
in SFC group

Cost of unscheduled
visit

Cost of hospitalization

Parameters varied

Cost of emergency
room visit

Cost of comedication
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Fig. 2.
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Tornado Diagram for Identification of Parameters Affecting the Base Case in SFC Group

SFC; salmterol/fluticasone combination, TC; total control HP; hospital-managed exacerbation, PC; primary care managed exacerbation.
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Distribution of cost (JPY)

1

Probability

34 1837 1840 1843 1846 1849 1852 1855 1858 1861 1864 1867

Incremental Effectiveness
Distribution of effectiveness (totally controlled weeks)

Diff in: Mean Median SD 95% lower limit 95% upper limit
Cost (JPY) -78,361 -78,313 7,411 -91,842 -58,434
Eff (wks) 1.85 1.85 0.002 1.84 1.85

Distribution of Cost and Effectiveness on SFC vs. FP Using Statistical Approach by 10 000-time Random Sampling

SFC; salmeterol/fluticasone combination, FP; fluticasone propionate.
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3). E5IT, BEEiEHESEN, Mzl asRel
BERAMRNM (Fig. 4 228) RICRKoomicr
Ovw hL7ZEZA, 95%CLIZT NTHHZNETH
DE AR TH 5 &S M BB 77 & IR
L CTWw/ (Fig. 5).

] %
lEl, HE#ESIEHARICB N T SFC O 4R

#3520, Step3 Ll EomEEFITIBITS
FP I H5EMAMR T ZK AT, T OHER,

SFC B T3 FP BTkt U CTEIZR MR AT total con-
trol DIRFEZ E<HFF T2 EMNTE, hOEEE
DHEIN RN A 5N, FP BEE )R E
NTWiz, 207D, AT ICER IZEHHE L7
Mol TOHMELTIE, BEOEHEMIRIT
Fig. 4 ITR T & B0 BMIRZ x #, y#iORZR &
U 7= 4 818 (quadrant) TorRI N (FHNRREH
: cost-effectiveness plane), Zh&H & B HWT An
DA TADELETD Z & TEH KRR A E A
H22DThb. HlIAK, HIRVEDOBEDOEHEIT
ek R K 0 BRI R NS > TnwB Z & (domi-
nated) Z/RL, WIZEHDOANEDELEDLEIT
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Quadrant IV Cost difference Quadrant I
+

New therapy less effective and New therapy more effective

more costly than current and more costly than current

therapy (dominated) therapy

- + Effect dil

New therapy less effective and New therapy more effective

less costly than current SFC and less costly than current
therapy therapy (dominant)
Quadrant I = Quadrant II

Fig. 4. Definition of Cost-effectiveness and the Cost-effective-
ness Plane

In the diagram the horizontal axis represents the effect difference be-
tween SFC and FP for example, and the vertical axis represents the cost
difference. The alternative (FP) could be the status quo or a competing
programme. If point is in quadrants II or IV the choice between the
programmes is clear. In quadrant II SFC is both more effective and less costly
than FP. That is, it dominates FP. In quadrant IV the opposite is true. In
quadrants I and III the choice depends upon the maximum cost-effectiveness
ratio one is willing to accept (willingness to pay; WTP) .2”

i SS
-JPY 54 000 -

-JPY 59,000
Cost-saving
-JPY 64,000
-JPY 63,000

Py 7apo0-

-JPY 79,000+

Incremental Cost

-JPY 84,000

-JPY 89,000

-JPY 94 000+

-JPY 99 000
18

T T T T T T T
56 1861 1866 1871 1876 1881 1886 1891 189
Incremental Effectiveness

Fig. 5. Probabilistic Sensitivity Analysis on SFC vs. FP Using
Statistical Approach by 10 000-time Random Sampling

Dots indicate cost-effectiveness for individual. An ellipse indicates 95%

confidence surface. SFC; salmeterol/fluticasone, FP; fluticasone propionat.

PR R K D @) R & B A ETER R (dominant)
RO EERT.

Fie, MERImIVERE ST ORER D S SFC #113 FP
BEICR U THEGHEM A BICE A RICEN TV S
EWSHEEENES N, B, BS99, ICS
IZSLM 20T 5 Z LIk 5 EHERRNEZ /R
B R FAETHE L TH0, mEBEICHL T
HATHEKHIN ORFNICRHFREEE525 L
O TWwWaZennd, AMFRERIIIFIN
5HbDTHDEERSD.

Ay #rid, Price 5 23 5 U 7= Markov model

2, HEAMBOER/INT A—%—Z{#AIAALT,
SFC #£ D FP BT T 2 & AR e et Uiz, ot
FTHD, WHADETHIRITDOVWTHEEZITS
7o, FEATHZRICBEL T, ROX D BKEENA 5N
7z
1) BEEIREABRICATREL 7= B H R0 #r (cost-
effectiveness analysis alongside clinical trial)
Th5.
2) FHEIEFEIL, FIT, Symptom-free/episode-
free days %> FEV, &5 > 7= B 725 &,
AQLQ (Asthma Quality of Life Question-
naire) WS QOLFEZEZHNWTWVWS,
3) WEMMENEIC 1 FRWGOEBIMTH O, 1
FLLEORMBICH T 2 &2 A
(CUA) OHENDTNTH 5.
INBDTEMNS, HARIBITZWMIE BT
DA OFFAM & KM T ORHBARE TIX /R Win &
ZEASNT. WA DOETHIRICET 58 Z BT
B, HA TR TR RAGE 2 F D
FERRIFZEIS /<, REE L TETFIVEH W00
ZHBEEZT.

¥d 2 FATHFEDH T, SFC DifiZ CUA TH
AU REN2H P 5. Briggs 50N TEE S
N7z KGR GOAL (The Gaining Optimal
Asthma controL) study O 45— & 12 > TREWEEE
MICHE ST HE TS, GOAL study TiE, 3 DD
SFC & % WX FP IZ X BIGEEIHEIC DWW T 1M
BIFSEMEEREEZRFL TVDH, WIno
155 B ICER (cost per QALY gained) 73iE[E
NICE (National Institute for Health and Clinical Ex-
cellence) DJEW % FHERE DRE K DKM > 727z
W, BHMIEHEEROTTVWS, LrL, 20
WFZE TI3%) Al i 2 GOAL study O H CHEZHIE L
TH5T, ERIFEICHAMEZE D Y4 T TRBEMIC
QALY iR L TW 2 iAMETH 5. iz,
Doull 52V Ot T, FPIZKT % SFC (KA E,
&) OFEfIL, dominant-£6852/QALY gained
& SFC B EMMANRNTH 2 LiEmIT TS
73, Briggs 520 L[RIEE, [MHAYIC QALY DEtHE %
LTWa, ZOXSIZ, BV THRIICOE
LRREHHIE T TIEAR<, SBHATED TN
ETHMFRETD 5.

RIS DHA S — X op M Rz s 4d U THER D=
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BERICGZDHEEMINT S L, BREER2KICEX

HEIIDINH, 19 5 38 (EH DR EHIRE A
MirEnsg. Iab, ERMBNOZEOHE itz
FRCICR T

JEA T B E O 17 FREERE? NS, A
(Wit LOBEN S 15 L& Lz) BE 64 T A
(@) 2% &L=, & 51T AIR-J20052 /n 5 Step 3
PLlEoElG%E27% (b) & LTz, £7z, ICS DEFER
%Z20% (o) EIREL, EEEHOAE A % 671838 M
dy&EUL7. LT, §XTOD Step 3,4 BHEMN
SFC 2Lt s, T 0L aE-EL
B DFTRIIROEBD TH 5.

* §XTO Step 3-4 HEN SFC 2 L 256G

FEREBE BN =aXbXcXd=2 322017200
*Step 3, 4 ¥ ORBEENEHLZ5HE1TZD 1/2

=1161 008 600 [

ER D & 517 SFC # AT & 5 EFE A DEE
EHOTNTHBMN, EHSMBICHRELEZEBD
ICSZMHHAL TWARWEFICFPEAT LI EITX
D EAERTR 155-310 EMH OR B RN E S
N, 7R REED Step 3, 4 ITRRENTW
578, FP /5 SFC ADY) 0 21T X 5 2 I
BMNOT MO TR EEZD. L
L, AETIIINETEEEREEDAITEREZHUT
Tikam L CWSH, ImEEFNAEEEITERL T
IO T H@EEEWN D Z &2/ &, Step 3
—4 DIFEEBHZICE S TSFCITL > TELN DR
PFIEEE D HNIR W,

AWFFE TET IVITHLAIA T2 BN DEG R %
BEMEMELTWS D, EART — X0 E s
s R OMBPICHE TR D 5. FIAX, RIS
NDHEEN 7 —%{t (transferability) 7% L <,
WO BAZ LM (Tiabb, 55 NkaHEmN
#esmns, BROH D REFICS —MfLd 2 2 &AvH]
RENE D)) ORENEMIN TS, 2 K i
BB T 12 82T THREMREOEMZT S0
TR, EMMBRIZBT BEKFEMISNET
H5. BRBEOT T A > EOREN SR E
NERBHARD L NGVWEHFTOBZN b, £l
M TOBE TR EICONWTENED 5NN
DTRIBNNEND RS H 2.2 LinLIans,
EMMBESICB VTR EOMUHE TIEFRETH >
e, EREEECEEBRE R EREER

BRPBET D013 EABHMEINBRETH S
D FEW, BEFOEE TIIREZEL (time
preference) EWOEXHNH O, FFRESNSME
R DBBEGEONLFEROINDIHFENDS ENDE
AHMbD. TbbH, WHEBEEDYEES SFCIT
&> THHNT total control IZ5ERKT 2 Z &1, EW
fI70 17 T total control IZEET BIFHITHERTLDHE
TGS NS EREHIRO S NEHEET, ZHUE
FEROBEWRE b, TR &85 &5 %
2.

& A

SFC |3 FP 1Tt U CEHMRNRICTEN T WS Al HE
HARBINEZENS, MEDHESEMRITBW
T SFC i LR IR DREF B BERN D DB E
EThdrEEZON. LL, SBIIAMIETHE
H L 7= Markov model %z A\ CEMIF D E AN R
L TOWSBENH D EEZD.

REFERENCES

1) Inagaki N., Allergology & Immunology, 14,
658—-674 (2007). (in Japanese)

2) Usmani O. S., Maneechotesuwan K., Ito M.,
Johnson M., Barnes P. J., Adcock I. M., Am.
J. Respir. Crit. Care Med., 172, 704-712
(2005) .

3) Jenkins C., Woolcock A. J., Saarelainen P.,
Lundback B., James M. H., Respir. Med., 94,
715-723 (2000) .

4) Theophilus A., Moore A., Prime D., Ros-
somanno S., Whitcher B., Chrystyn H., Int. J.
Pharm., 313, 14-22 (2006) .

5) Nelson H. S., Busse W. W., Kerwin E.,
Church N., Emmett A., Rickard K., Knobil
K., J. Allergy. Clin. Immunol., 106, 1088—
1095 (2000) .

6) Adachi M., Ohta K., Sano Y., Taniguchi H.,
Ishihara K., Aizawa H., Nakajima M., Aller-
gology & Immunology, 12, 922-935 (2005).
(in Japanese)

7) Stoloff S. W., Stempel D. A., Meyer J., Stan-
ford R. H., Carranza Rosenzweig J. R., J. Al-
lergy Clin. Immunol., 113, 245-251 (2004) .

8) Japanese Society of Allergology, ‘‘Japanese
Guideline for the Diagnosis and Treatment of
Allergic Diseases 2007,”’ ed. by Nishima S.,



No.

603

9

10)

1)

12)

13)

14)

15)

16)

17)

Kyowa Kikaku, Tokyo, 2007. (in Japanese)
Global Initiative for Asthma (GINA), ‘Global
Strategy for Asthma Management and Preven-
tion,”’: (http://www.ginasthma.org) , cited 24
April, 2009.

US Department of Health and Human Serv-
ices, ‘“Expert Panel Report 3 (EPR3): Guide-
lines for the Diagnosis and Management of
Asthma, Full Report 2007,”’: <(http://www.
nhlbi.nih.gov / guidelines / asthma / asthgdln.
htm), cited 24 April, 2009.

Petitti D. B., ‘““‘Overview of the methods,
Meta-Analysis, Decision Analysis and Cost-
effectiveness Analysis: Methods for Quantita-
tive Synthesis in Medicine,”’ ed. by Petitti D.
B., Oxford University Press, New York, 2000,
pp. 13-32.

Statistics & Information Department, Minis-
try’s Secretariat, Ministry of Health, Labour
and Welfare, ‘‘Survey of Medical Care Activi-
ties in Public Health Insurance 2006,”’: ¢http:
//wwwdbtk.mhlw.go.jp/toukei/index.html) ,
cited 24 April, 2009. (in Japanese)

Price M., Briggs A. H., Pharmacoeconomics,
23, 183-194 (2002).

Pharmaceuticals and Medical Devices Agency,
““Approval Application forms of Adoair 100,
250, 500 Diskus (approved in April 2007),
Chapter 2 of CTD summary,”’: (http://www.
info.pmda.go.jp / shinyaku / g070403 / index.
html?), cited 24 April, 2009. (in Japanese)
Kavuru M., Gross G., LaForce C., House K.,
Prillaman B., Baitinger L., Woodring A.,
Shah T., Melamed J., J. Allergy Clin. Im-
munol., 105, 1108-1116 (2000) .

Miyamoto T., Morita H., Tamura G., Tohda
Y., Arakawa 1., Shiragami M., Allergy, 55,
542-553 (2006) . (in Japanese)

Central Social Insurance Medical Council,
Committee Material for DPC Evaluation,

18)

19)

20)

21)

22)

23)

24)

25)

““Average Duration of Hospitalization for
Asthma Treatment in the 2005 Fiscal Year,’’:
(http://www.mhlw.go.jp/shingi/2006/04/dl/
s0427-3d53.pdf), cited 24 April, 2009. (in
Japanese)

Briggs A. H., ‘““Handling Uncertainty in Eco-
nomic Evaluation and Presenting the Results,
Economic Evaluation in Health Care: Merging
Theory with Practice,”’ eds by Drummond M.,
McGuire A., Oxford University Press, New
York, 2001, pp. 172-214.

Miyagawa T., Arakawa I., Shiragami M.,
Nishimura S., Yakugaku Zasshi, 126, 51-59
(2006) .

Briggs A. H., Bousquet J., Wallace M. V., A/-
lergy, 61, 531-536 (2006) .

Doull I., Price D., Thomas M., Hawkins N.,
Stamuli E., Tabberer M., Gosden T., Rudge
H., Curr. Med. Res. Opin., 23, 1147-1159
(2007) .

Statistics & Information Department, Minis-
try’s Secretariat, Ministry of Health, Labour
and Welfare, ‘‘Patient Survey 2005,”’: <(http:
//wwwdbtk.mhlw.go.jp/toukei/index.html) ,
cited 24 April, 2009. (in Japanese)

Adachi M., Ohta K., Morikawa A., Nishima
S., Tokunaga S., DiSanostefano R. L., Al-
lergy, 57, 107-120 (2007). (in Japanese)
Drummond M., Pang F., “Transferability of
Economic
Evaluation in Health Care: Merging Theory

Economic Evaluation Results,
with Practice,” eds. by Drummond M.,
McGuire A., Oxford University Press, New
York, 2001, pp. 256-276.

Bjermer L., Bisgaard H., Bousquet J., Fabbri
L. M., Greening A. P., Haahtela S. T., Hol-
gate S. T., Picado C., Menten J., Dass S. B.,
Leff J. A., Polos P. G., BMJ, 327, 891-895
(2003) .



