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Economic Value of the Sirolimus Eluting Stent (CYPHER™) in Treating
Acute Coronary Heart Disease

. Hoo-Yeon Lee"?, Eun-cheol Park"??, Kidong Park?, Ji-Eun Park?, Young Kim”, Sang Soo Lee®, Hye-Young Kang®”

Department of Preventive Medicine, College of Medicine, Yonsei University?,
Institute for Health Services Research, Yonsei University?; Graduate School of Public Health, Yonsei University”;
Department of Infectious Disease Control, National Institute of Health?; Synex Consulting, Korea”;
Johnson &Johnson, Medical Korea L1d.®

Objective : To quantify the economic value of the Sirolimus
Eluting Stent (CYPHER™) in treating acute coronary heart disease
(CHD), and to assist in determining an adequate level of
reimbursement for CYPHER™ in Korea.

Methods : A decision-analytical model, developed by the Belgium
Health Economics Disease Management group, was used to
investigate the incremental cost-effectiveness of CYPHER™ versus
conventional stenting. The time horizon was five years. The
probabilities for clinical events at each node of the decision model
were obtained from the results of large, randomized, controlled
clinical trials. The initial care and follow-up direct medical costs were
analyzed. The initial costs consisted of those for the initial procedure
and hospitalization. The follow-up costs included those for routine
follow-up treatments, adverse reactions, revascularization and
death. Depending on the perspective of the analysis, the costs were
defined as insurance covered or total medical costs {(=sum of
insurance covered and uncovered medical costs). The cost data
were obtained from the administrative data of 449 patients that
received conventional stenting from five participating Korean
hospitals during June 2002. Sensitivity analyses were performed for
discount rates of 3, 5 and 7%. Since the major clinical advantage of
CYPHER™ over conventional stenting was the reduction in the
revascularization rates, the economic value of CYPHER™, in
relation to the direct medical costs of revascularization, were

evaluated. if the incremental cost of CYPHER™ per revas-
cularization avoided, compared to conventional stenting, was no
higher than that of a revascularization itself, CYPHER™ would be
considered as being cost-effective. Therefore, the maximum
acceptable level for the reimbursement price of CYPHER™ making
the incremental cost-effectiveness ratio equal to the cost of a
revascularization was identified.

Results : The average weighted initial insurance covered and
total medical costs of conventional stenting were about 6,275,000
and 8,058,000 Won, respectively. The average weighted sum of the
initial and 5-year follow-up insurance covered and total medical
costs of conventional stenting were about 13,659,000 and
17,353,000 Won, respectively. The estimated maximum level of
reimbursement price of CYPHER™ from the perspectives of the
insurer and society were 4,126,897 ~ 4,325,161 and 4,939,939 ~
5,078,781 Won, respectively.

Conclusion : By evaluating the economic value of CYPHER™, as
an altemnative to conventional stenting, the resuits of this study are
expected to provide a scientific basis for determining the acceptable
level of reimbursement for CYPHER™.

Korean J Prev Med 2003;36(4):339-348

Key Words: Coronary heart disease, Cost effectiveness, Decision
analysis, Stents
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Figure 1. Decision analytic model of stenting (Conventional stenting and

CYPHER™).
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Table 2. Probability of clinical results after conventional stenting, by types of affected vessel(%)

Types of affected . Types of Probability of long-term results
Initial results
vessel long-term results 1 month 1 year 2~5 years
Normal single  Initial success (99.52%) Event-free Survival 96.10 85.00 7042
Survival with events Stroke 0.00 0.00 0.80
Renal failure 0.20 0.20 0.00
MI* 2.70 339 207
Re-vascularization Ballooning 0.36 8.40 3.96
CABG** 0.24 1.83 3.60
Stent 0.12 2.80 1.32
Death 0.00 097 641
Emergency CABG(0.48%) Event-free Survival 96.40 94.15 85.94
Survival with events Stroke 0.88 0.88 0.00
Renal failure 0.10 0.10 0.00
MI* 1.75 1.75 315
Re-vascularization Ballooning 0.00 0.23 0.16
CABG** 1.75 1.75 1.44
Stent 0.00 2.03 141
Death 0.00 0.00 1.96
Small single Initial success (100%) Event-free Survival 98.31 8140 66.81
Survival with events Stroke 0.00 0.00 0.80
Renal failure 0.20 0.20 0.00
MI* 250 5.08 207
Re-vascularization Ballooning 0.00 10.81 6.25
CABG** 0.00 0.00 0.56
Stent 0.00 3.60 208
Death 0.00 1.69 6.41
Long lesion Initial success(100%) Event-free Survival 98.48 81.14 66.55
Survival with events Stroke 0.76 1.71 0.80
Renal failure 020 0.20 0.00
MI* 1.52 324 207
Re-vascularization Ballooning 0.00 11.86 6.25
CABG** 0.00 1.52 0.56
Stent 0.00 3.95 2.08
Death 0.00 0.57 641
Multi-vessel Initial success(99.52%) Event-free Survival 91.80 73.80 55.06
Survival with events Stroke 0.67 1.70 382
Renal failure 0.20 0.20 0.00
MI* 317 6.20 1.99
Re-vascularization Ballooning 2.38 11.73 5.86
CABG** 2.83 6.66 8.30
Stent 0.79 391 1.95
Death 1.50 2.50 1.19
Emergency CABG(0.48%) Event-free Survival 95.70 87.80 76.23
Survival with events Stroke 0.99 2.10 277
Renal failure 0.10 0.10 0.00
MI* 2.98 4.80 1.19
Re-vascularization Ballooning 0.02 033 0.66
CABG** 0.17 0.66 1.74
Stent 0.15 298 593
Death 0.99 2.80 3.16
* MI refers to myocardial infarction
** CABG refers to coronary artery bypass grafting
& 7 A7 el 20029 62 A 1AE AAS Ale F 14 F &2 3ebA g3kt 2HE(re-stent),
$ 2 59 CABG A2 3 A4He 2702 9183 A% ¥ 2059 278 FHIL(e-ballooning), $FHAEY
2 H9¥ 1199 &2 A5 QAU F HEo R virolx £sth $38]<(re-CABQG) 2 7401] g Are
T 2T HPFREA], F 5] Aoz A A f‘l & H & gL HRR FAA 941, Jx A
e AMHUY. F7ae] W2 24 HEDM AR R wpeh 27X & A& FEqlo] o] dTelA ¢
YollX AEHY 215 = AdHs 8o FIAFeH, Al F Frden e vEAsE adE H8sdd F



Table 3. Probability of clinical results after CYPHER™, by types of affected vessel (%)

BAEYLN A 2E IS AFTE

4% 28lE (CYPHER™)S] A4 24 343

Types of atfected .. Types of Probability of long-term results
Initial results
vessel long-term results 1 month 1 year 2~5 years
Normal single  Initial success(99.52%) Event-free Survival 96.78 95.35 87.85
Survival with events Stroke 0.00 0.00 0.80
Renal failure 0.20 0.20 0.00
MI* 2.70 339 2.07
Re-vascularization Ballooning 0.02 045 0.21
CABG** 001 0.10 0.19
Stent 0.01 0.15 0.07
Death 0.00 0.97 6.41
Emergency CABG (0.48%) Event-free Survival 96.40 94.15 85.94
Survival with events Stroke 0.88 0.88 0.00
Renal failure 0.10 0.10 0.00
Ml 1.75 1.75 3.15
Re-vascularization Ballooning 0.00 023 0.16
CABG 1.75 1.75 1.44
Stent 0.00 203 141
Death 0.00 0.00 1.96
Small single Initial success(100%) Event-free Survival 97.50 9420 86.69
Survival with events Stroke 0.00 0.00 0.80
Renal failure 0.20 0.20 0.00
Ml 2.50 333 2,07
Re-vascularization Ballooning 0.00 0.00 033
CABG 0.00 0.83 0.03
Stent 0.00 0.00 0.11
Death 0.00 1.67 641
Long lesion Initial success(100%) Event-free Survival 97.56 92.87 85.36
Survival with events Stroke 0.19 0.94 0.80
Renal failure 0.20 0.20 0.00
Ml 225 281 207
Re-vascularization Ballooning 0.14 281 0.33
CABG 0.00 0.56 0.03
Stent 0.05 0.94 0.11
Death 0.19 0.94 641
Multivessel Initial success(99.52%) Event-free Survival 95.90 8745 74.95
Survival with events Stroke 0.67 1.70 3.82
Renal failure 0.20 0.20 0.00
Ml 3.17 6.20 1.99
Re-vascularization Ballooning 0.12 2.09 3.03
CABG 0.17 1.19 429
Stent 0.04 0.70 1.01
Death 1.50 2.50 1.19
Emergency CABG(0.48%) Event-free Survival 95.70 87.80 76.23
Survival With events Stroke 0.99 2.10 2.77
Renal failure 0.10 0.10 0.00
Ml 298 4.80 1.19
Re-vascularization Ballooning 0.02 033 0.66
CABG 0.17 0.66 1.74
Stent 0.15 298 593
Death 0.99 2.80 3.16

* MI refers to myocardial infarction
** CABG refers to coronary artery bypass grafting
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CO*PI) + CEEMCABG)*P(EmCABG)
where, C(I) = acute care costs for initial
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success
P(I) = probability of initial suc-
cess
CEmMCABG) = acute care costs
for emergency CABG
P(EmCABG) = probability of
emergency CABG
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I*-year follow-up cost = C(I)is* P(D) +
C(EmCABG)* * PEmCABG)
where, C(I)1* = 1* year follow-up costs
after initial success
C(EmCABG)st = 1*-year follow-
up cost after emergency CABG
C(Mist =C(non-E) 1st*P(non-E) 1st +
C(E)1st*P(E)istt C(RV)ist*
P(RV) Ist+ C(D) lst*P(D) Ist
where, C(non-E) 1st = 1% year event-free
follow-up costs after initial suc-
cess
P(non-E) 1st = prob. of event-free
survival during the 1% year
C(E) st = costs for survival with
events during the 1% year
P(E) 1 = prob. of survival with
events during the 1* year
C(RV) = costs for revascular-
ization
P(RV) 15t = prob. of revasulariza-
tion during the 1+ year
C(D) = costs for death
P(D)ist = prob. of death during
the 1% year
CEn*PE)1st = {C(CVA) + C(CVA)ist}
*P(CVA)1st+ C(Dial)*P(Dial)1st+
{C(MI) + C(MI)ISI}*P(]VH)ISI
where, C(CVA) = acute care costs for
cerebrovascular accidents (CVA)
C(CVA) 1= 1* year follow-up
costs after CVA
P(CVA)is: = prob. of CVA during
the 1* year
C(Dial) = annual costs for receiv-
ing maintenance dialysis treat-
ments
P(Dial)ist = prob. of renal failure
during the 1 year
C(MI) = acute care hospitaliza-
tion costs for myocardial in-
farction (MI)
C(MD1st = 1* year follow-up
costs after MI

21 - o) -

AL L
P(MD)1st = prob. of MI during the
1* year

CRW)1s*P(RV)1st = C(re-B)*P(re-B)ist+
C(re-S)y*P(re-S)isi+ C(re-CABG)*P(re-

CABG)lst
where, C(re-B) = acute care costs for re-
ballooning

P(re-B)ist = prob. of re-balloon-
ing during the 1* year

C(re-S) = acute care costs for re-
stenting

P(re-S)ist = prob. of re-stenting
during the 1* year

C(re-CABG) = acute care costs
for re-CABG

P(re-CABG)ist = prob. of re-
CABG during the 1% year
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Incremental cost-effectiveness ratio =
incremental cost / incremental effective-
ness
= {C(c) - C(s)} / {E(c} - E(s)}
where, C(c) = average costs for a sten-
ting with CYPHER™
= acute care costs of a sten-
ting with CYPHER™ + 5-
year follow-up costs
C(s) = average costs for a con-

ventional stenting
= acute care costs of a con-
ventional stenting + 5-
year follow-up costs
E(c) = probability of revascularization
due to restenosis following a sten-
ting with CYPHER™
E(s) = probability of revascularization
due to restenosis following a con-
ventional stenting
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C(re-stent) = {C(c) - C(s)} / {E(c) - E(s)}
= {C(C)device + C(C)proc + C(C)5year— C(S)} /
{E(©) - E(s)}
where, C(re-stent) = acute care costs for
re-stenting, insurance covered
C(c)device = reimbursement price
for a device of CYPHER™
C(c)proc = procedure and hospital-
ization costs for stenting with
CYPHER™, insurance covered
C(C)syear = 5-year follow-up costs
after CYPHER™, insurance
covered
9 Aol ofs) Aels 1I4F HoA
g4 & thg ) o] A
C(c)device = {E(c) - E(s)}* C(re-stent) -
C(C)proc - C(C)Syear + C(S)
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of FrFosd oAl F ARHE o] EAUES Aoz dARE Z5-5d & Fo Aade 2¥ 299 met o
Q3o =M, ABH A AAF £ <t HEF] dojut YAeS W b 5028 A 7270910 (Table 4),
£ Atols] hE FoAEH o Hof 54 W fFPo mek 2066 ~ AF 2w AFE VAR A}
e A9 26.00% 7148 U 5 9t} (Table 5,6).  A&% 715 Hitghe 6,275,37590]
Aol Zold vl 7 el 2002 T} (Table 5). 5 X150 A3 g o}

2} oF 6687k A 9317ke0]9) o u]
(Table 4), 7153 74k 8,057,583 0|

Table 4. Mean initial costs, by types of procedure and affected vessel t} (Table 6). ~HE A9eS dhe o B
(unit 1000WON)  zbg., )54, Ak flo] 1 St QA
Type of procedure Type of affected Insuragce covered  Total medical o] ZLHABZ uke Hxle AL =
vessel medical costs costs*® 2elREn s Sod & Az} 7
Stenting(initial success) Normal single 5,441 6,968 R H e o wmrE
Small single 5022 6,680 Z} oF 1875, 2025H o) ¢lth. T3t A
Long lesion 5,863 7,388 4 & 23R 5u7A = A7 2YE &=
Multipl 7,269 9,360 - N
' ultiple: : THYABH I 2880 74 g
Emergency CABG after stenting Normal single 11,061 18,371 29913 g o] 17} W=l
Small single 12,248 19,804 FAE2A0A 53749 A7 FgH|E
Long lesion 11,611 19212 9 = AzH)7t 27k 935k, 102
Re-ballooning** Normal single 3,016 4,058 M A% 53 el
Small single 3317 4571 5} ”’“E = 1d ) AEF B 5
Long lesion 3,191 4,323 a7t & A-gH)(27) AeH+FT3
Maltiple s o U)ol AEgEghe Felzml o
Re-stenting** Normal single 5414 91 u]- = A2n o}
Small single 5,022 6,680 1,3661H4] (Table 5), _"_‘l'w [ 1735 I
Long lesion 5,863 7,388 4 oAt (Table 6). A, 5N 2
Multiple 7,246 9,309 7‘(] a 9], k| 3}01 Hl—/\g%é]- :‘,: 9\1}‘5 EH E@
Re-CABG** Normal single 7,196 13,534 o) B0l A AZAMZ WEZ A
Small single 7,187 13,652 : MR e =534
Long lesion 7,556 14,095 x{_\,]- A"U]' 7—]'7—| o5 ?_]?} ﬁiﬂloﬂ EH
Multiple 8,063 14,719 3 571 A AEE £ 2As
* Total medical costs are the sum of insurance covered and uncovered medical costs A% B 71
** Costs for revascularization by ballooning, conventional stenting, and CABG are taken as the same with the Table 7oﬂ a }9} E E}
costs for initial success of each procedure
Table 5. Mean insurance covered medical costs and incremental cost-effectiveness (unit: 1,000 Won)
Follow-up costs Effectiveness
Vessel type Procedure No. cases Initial costs Total costs*  (prob. of Incremental - Incremental Incremental
type I*year 2%to 5" year revascH*) effect. Cost CE
Normial single ~ Stenting 151 5441 2,340 4,570 12,351 21.85 0 0 -
CYPHER - 7,679 2,029 3,560 13,268 01.19 20.66 917 4438
Small single Stenting 29 5,022 2,363 4,237 11,622 23.30 0 0 -
CYPHER - 7,069 2,081 3,499 12,648 01.29 2201 1,026 4,664
Long lesion Stenting 124 5,863 2,379 4,237 12,479 26.22 0 0 -
CYPHER - 8,495 2,135 3,396 14,026 04.78 2144 1,547 7,216
Multiple Stenting 145 7,269 2,859 5,363 15,491 38.30 0 0 -
CYPHER - 10,963 2,262 4,167 17,391 12.30 26.00 1,901 7,310
Weighted average for stenting 6,275 13,659 6,275

Future costs were discounted at 5%

Costs for CYPHER™ were calculated on the basis of its potential reimbursement price, which makes the incremental C/E ratio equal to the initial costs of Stenting
* Total costs = initial costs + 1* year follow-up cots + 2™ to 5" year follow-up costs

** prob. of revasc : probability of revascularization
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Table 6. Mean total medical costs and incremental cost-effectiveness

{unit: 1,000 Won)

Follow- ts Effectiveness
Disease type Procedure No. cases Initial costs e Total costs*  (prob. of Incremental Incremental  Incremental
type I*year 2"to 45 year revasct) effect. Cost C/E
Normal single  Stenting 151 6,968 2,749 5,681 15,398 21.85 0 0 -
CYPHER 10,133 2,226 3,986 16,346 01.19 20.66 947 4,585
Small single Stenting 29 6,680 2,718 4,949 14,347 23.30 0 0 -
CYPHER 9,791 2,320 3,900 16,010 01.29 2201 1,663 7,556
Long lesion Stenting 124 7,388 2,807 4,949 15,144 26.22 0 0 -
CYPHER 11,050 2,404 3,787 17,241 04.78 21.44 2,097 9,779
Multiple Stenting 145 9,360 3,666 7,271 20,297 38.30 0 0 -
CYPHER 14,826 2,612 5,322 22,759 12.30 26.00 2,461 9,466
Weighted average for stenting 8,058 17,353 8,058

Future costs were discounted at 5%.

Costs for CYPHER™ were calculated on the basis of its potential reimbursement price, which makes the incremental C/E ratio equal to the initial costs of Stenting.
* Total costs = initial costs + 1* year follow-up cots + 2 to 5* year follow-up costs

** prob. of revasc : probability of revascularization

Table 7. Mean annual follow-up medical costs (unit: 1,000 Won )

Tyoes of costs Insurance covered Total medical
P medical costs costs*
Event-free survival 1# year 1,874 2,022
(stenting, initial success) 2 to 5" year ** 933 1,024
Event-free survival (emergency 1* year 662 778
CABG after stenting) 2¢ to 5" year** 1,455 1,528
Acute myocardial infarction Initial treatment 1,674 2,502
1# year 1,747 1,934
2" 10 5% year** 1,510 1,646
Stroke Initial treatment 1,355 3,110
1+ year 1,010 1,048
2" to 5" year** 1,324 1,488
Renal Failure 1+ year 23,094 23,397
2M to 5® year** 23,094 23,397
Death Acute care 5,719 6,657
* Total medical costs are the sum of insurance covered and uncovered medical costs
** Second to 5* year costs refer to average annual follow-up medical costs each year
Table 8. Estimated economic value of CYPHER™ (Unit: Won)
Perspective Discount rate
pee 3% 5% 7%
Insurer 4,325,161 4,180,541 4,126,897
Society 5,078,781 5,021,919 4,939,939
Aolde ) M3 v (714 Q9 B9 ASUL 24 BEENR
@AN g Folnane BANSAE B RS AL vl Gl B A
2dE 4929 A 270 B0 ol B2ee Bgdl o ugE 2
0] 627537593} 22 Alolse] o 42 UAsgE, Felgo] 3%, 7%
ABHE A% A7 418054190190 AL, 47} 4,325,161 97} 4,126,897 0]
o 2, 2dE 4; A& Aolslz gAF Uk olie) ABE £ A, 2dE
02A ANE AL BRI & YRS AIBIE dAFORA ol
S8 989 At ANssted 48 & ZAY 7 BEA B3dA £
H 843 $d5A He Aloly 17ld] A4k 4,126,8074, At 4,325,16190 2
e FAARHE 4,180,541 9 Ao]  FAHZTE (Table 8).

th o] 4T Aolsie) HAY BHE S

S AA BHAA Aolse] HAA

M E FAE o, o] Aol A oA
N WM Aled 2HE Ao A
32N ANeF {lgﬁ]h 8,057,583 ¢19]
ULt o[ & HtFOE Ato|H e A B|§-

&3} Hl(e}71A ﬁhﬂﬂﬂl 42 % Asng
gHAE-&)7t 8,057,58397F 2A He
Aol FAAEHE FAG A, &
91-80] 3%, 5%, 1%9) 7, 747+ 5,078,
78141, 5,021,919, 123 4,939,9399
otk WA, 2HE AR1&S Ao]y
2 gAgoEN doAE HAA 71X
B A AR BN E 1) 4,939,939 ~
5,078,781 0.2 2452t} (Table 8).
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