TSk AIAHICIO[L-A o7, 133 H|42(2012.12) : 57-80
HICHRIONM FDATHH & T3t AIAR ClojjziA D!
FDATHHI7} R&DHIH Olxi= Qi3 sz’

System Dynamics Modeling for FDA Regulation Effect of
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—| Abstract |

This research studies effect of FDA regulations in pharmaceutical industry on new
drug development. System dynamics is implemented to demonstrate dynamic
relationship between FDA regulations and R&D costs, firm’s profits, sales. This
research is focused on clinical trials of new medical entity process 50~60% portion of
total development cost. Simulation results say that firm’s profit is more sensitive to
increasing the regulation than alleviating the regulation and effect of regulation
policy make different result depending on the intensity of regulation and policy
direction. Our simulation model provides the instrumental means for the policy

makers and strategic decision in pharmaceutical industry.

Keywords: AM2kAd R&D H|E, FDA A, A|AE clolLfe|a mE
(Pharmaceutical Industry, R&D Cost, FDA Regulation, System
Dynamics Model)
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1,0009) & el Ao] dAE Zo7 o=F L Qtk o] Pharmerging Market ] Q1
2k A wgse] G A5 ) e A 47

o o
S Astar A7) welth aFAIR 2009 3S Ao 7Y E5kE AL ol AAelth

CE 1) AA oAEAE 2 (Bt MY 22, %)

2009 2008 2004~09 | 2009~14

co= o= === oo'é‘

Al A 837.3 7.0 5.5 6.7 5~8

57 323.8 5.5 1.9 5.2 3~6

+ 9 263.9 4.8 7.0 6.6 3~6
o}Alo}jolZ |7 F 106.6 15.9 15.0 13.9 12~15
o & 95.0 7.6 2.1 39 0~2

=) 479 10.6 12.7 10.9 12~15

Xt=Z: IMS Health(2010), IMS Health Market Prognosis.
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(E 2 FQ 7|9 ofoE ulE HI(THel: ot =)

7|4(=7h 2005 2006 2007 2008 2009
Pfizer(1] =) 59,204 59,415 59,909 58,677 57,204
Merck & Co.(7]=) 33,676 35,965 39,365 39,488 38,963
Novartis(Z~$] ) 29,427 31,653 34,479 36,684 38,460
Sanofi-Aventis(Z & 2) 31,286 31,843 34,390 36,437 35,524
GlaxoSmithKline(%d =) 34,222 36,212 37,620 36,736 34,973
AstraZeneca(%d =) 24,420 27,311 29,999 32,498 34,434
Roche(2~$] ) 19,706 23,168 27,232 30,285 32,763
Johnson & Johnson("]=) 26,771 27,615 29,010 29,638 26,783
Lilly(7] =) 13,977 15,176 17,177 19,042 20,310
Abbott(1] =) 14,715 15,971 17,359 19,401 19,840
Teva(o] ~2}) 9,677 11,664 13,295 15,143 15,947
Bayer(£%) 11,588 12,329 14,103 15,887 15,711
Bochringer Ingel(% =) 10,385 11,320 12,556 14,109 15,275
Amgen(1] =) 13,162 15,932 15,900 15,281 15,038
Takeda(Qd ) 11,265 11,786 12,754 13,835 14,352

At2: IMS Health(2009)IMS Health Market Prognosis
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|Stage 1 | Stage 2 | 1 Stage 3 | Stage 4 |
IDrug Discovery| Preclinical 1 1 Clinical trials | IFDA review |

Phase 1
20-100 volunteers Phase 3
1,000-5,000 volunteers

]

[

E

250 5 compounds _E

compounds F

)

=

Phase 2
100-500 volunteers

] [ 11 1
j&—— 6.5 years >| € 7 years > 1€ 1.5 years 3

(3% 1] depie =it

Z}&: Pharmaceutical Research and Manufacturing of America.

Marcia(2007)°] w2 A oFAky] <At o] glo] A Aol AlZRL ojwl Hlo|n}
ol tha] Lolrli= Floj, o]gfdk <A A= 7|7t AQF Tl Aeks]|ale] alek

Tl
S Aol dEEs B2 QA B2 Fol od 228 e w oS
ks

WEAE ARk oFEAE o AANY AR o2 7 xdq-A e whet Aol
s Y BEEE SRS 244, a4, o)A So] weAY, o F Hag
HastetHA Awel ddo] AAHE s 8ol dth

ofEAtg o] AEH AoFs|Ale FEARA Y TRl AR B xE 7 S
5 3 "ok 2AE SHEES APAAA HEE Fol] QIZbAl Qbdsta &4l
A5 7] A WA sEES JUE HAES HASH Hed, o] S A
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Zb Ze)ar 1009 oA o] A Aty Hlgo] WAeE Ao R £AE T Hansen(19792
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II. FDA TiAIRt APl R&D ZEZMIAS| A|ARICIO|LHA 2E

Aekjut Axp 2 RD H]Eof #at AFPATZ AR Flo] FDA A L Akt
2|28 R&D T2, T1E]aL oFgh B o] e QJIFAAER wESHH (17 3]3 2t
JNIAEE A7 FDAS HATES A3 T2k FDA fA|¢} R&D H]-&1te] #AE
Ul FrE 78 vk WA DAY iAleTd #Ee F2E B (19 3]9
AR = A Bl FZi= FDA TFAl GO sidate] Hx4do] 7hss o] 7)o} of
o] S7kekaL ol& Qs A} o] E7HA P HIAA H= FEZEAM Bl FZAM If
A7F 7140l & o Hhs Fo FRIbs & olgnth AetAl NEnE St 9
T 71949 o] [LE 4]9k #o] o] BAEAY FastA 2 Aotk

Effect of IT
development

T Complexity of
Development process

Invest of R&D
¥

Profits
Effect of FDA

regulation

<
@ Outsourcing rat a@ Development cost

+
hy _ Sales

Drug price__/

+

. 2
Outsourcing cost B2

Asking for
deregulation .

[322 3] FDA wAiet Alef7he R&D HISol| kst QInix|z

B2 FZ: FDA ftAZk AP Aatel B4 FA717 Ha o)dd Bow
Q3 AFEARE Ao A 54 ApRop] Y of2ade] F7keM B FreA
e ohad A A AR we *MOH Wls) el gale] A8
AR QA eI HAA3hA FAHA] Ale] Z7hm <ls) 714e] o gL Bl Fsh
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[719) 3]¢] B3 F3X & Utterback & Abernathy(1978) &A1 Abo]F - P/ EA}—7]<424]
A5 FUNAANE A | 27 G o] - 7SS4 FA-o 4 R&D FAReE =23t
o e #A9} R&D WG ofgrto] v=w A S e v=w] £ R R&D T
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oW (19 319 FEE FFe) B thes) Ak FDA A Aok LA s B

o] F7he gt okghe] F7h olol Al Hlof 71g)

AL ol &) Zat FALe] tE 272 o] Ho] FDA Al o
I

2. FDA TiH2} A2kt R&D Z2M|AL| AJAH! Clo[Li2iA 2

2 Ao A AAISEAL 9l FDA A9 A1 R&D E2 A0 AlAE tho|fju)

e AA Ao ZRAAS vFaL itk shARE BElE AL Sl oY FE
T oWl Aol THAoR mdyst TS Ao w3t FEow T FoME 4l
o SAlA T - SRRl Sl AR dlel oigk R&D ZEAA AEE FH
Aow HAE Tk AR Bl vls) ARl Al B Aol AREg Al Fgk
S gol ¥ Ao R B A e 553 AlagloR FA o= AFYol7] wielth
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(22 1] 28 44

(1) Total Cost=INTEG(Marketing Cost+Development cost, 1)

(2) P1 Additional process=IF THEN ELSE(P1 process*Effect of FDA regulation>0 , P1
process*Effect of FDA regulation, 0)

(3) P2 Additional process=IF THEN ELSE(P2 process*Effect of FDA regulation>0 , P2
process*Effect of FDA regulation, 0)

(4) P3 Additional process=IF THEN ELSE(P3 process*Effect of FDA regulation>0 , P3
process*Effect of FDA regulation, 0)

(5) Asking for deregulation=IF THEN ELSE(Profit>Profitl, 0 , 1)

(6) Effect of FDA regulation=0.1 or 0.5 or 0.9)

(7) Profitl=DELAY FIXED(Profit, 1, 0)

(8) Total process=IF THEN ELSE(P1 process+P2 processt+P3 process<0, 0.0064, P1
process+P2 process+P3 process)

(9) Profit increasing rate=IF THEN ELSE((Profit-Profit1)/Profit=1, 0, (Profit-Profit1)/Profit)

(10) Pre Clinical Costl1=DELAY FIXED(Pre Clinical Cost, 1, 0)

(11) Marketing Cost=Total Development Cost*2,1496

(12) Pre Clinical Cost increasing rate=IF THEN ELSE((Pre Clinical Cost-Pre Clinical
Cost1)/Pre Clinical Cost=1, 0, (Pre Clinical Cost-Pre Clinical Costl)/Pre Clinical Cost)

(13) Total process increasing rate=IF THEN ELSE((Total process-Total processl)/Total
process=1, 0, (Total process-Total process1)/Total process)

(14) Total process] =DELAY FIXED(Total process, 1, 0)

(15) Profit=((Drug Price*Sales)-Total Cost)

(16) Marketing Cost] =DELAY FIXED(Marketing Cost, 1, 0)

(17) Marketing effect=Marketing Cost increasing rate*0.0048

(18) Modified Drug increasing ratel =DELAY FIXED(Modified Drug price increasing rate, 1, 0)

(19) i Sales=1000

(20) Modified Drug price increasing rate=IF THEN ELSE((Modified Drug price-Modified
Drug pricel)/Modified Drug price=1, 0, (Modified Drug price-Modified Drug
pricel)/Modified Drug price)

(21) Modified Drug pricel =DELAY FIXED(Modified Drug price, 1, 0)
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(22) Sales=INTEG((Sales*Marketing effect)-(Sales*Price effect), i Sales)

(23) Marketing Cost increasing rate=IF THEN ELSE((Marketing Cost-Marketing Cost=1,
0, (Marketing Cost-Marketing Cost1)/Marketing Cost)

(24) Price effect=IF THEN ELSE(Modified Drug price increasing rate>=Modified Drug
increasing ratel, -0.2, 0.2)

(25) Modified Drug price=INTEG(IF THEN ELSE(Drug price increasing rate>0.1, Drug
Price*Total Cost increase rate*0.05, Total Cost increase rate*Drug Price), i drug price)

(26) Drug Price=INTEG(Drug Price*Total Cost increase rate, i drug price)

(27) Drug price increasing rate=IF THEN ELSE((Drug Price-Drug price2)/Drug Price=1, 0,
(Drug Price-Drug price2)/Drug Price)

(28) Drug price2=DELAY FIXED(Drug Price, 1, 0)

(29) i drug price=100

(30) Total Development Cost increasing rate=IF THEN ELSE((Total Development

Cost-Total Development Costl)/Total Development Cost=1, 0, (Total Development
Cost-Total Development Costl)/Total Development Cost)

(31) Total Cost increase rate=IF THEN ELSE((Total Cost-Total Costl)/Total Cost=1, 0,
(Total Cost-Total Costl)/Total Cost)

(32) Total Costl=DELAY FIXED(Total Cost, 1, 0)

(33) Total Development Costl=DELAY FIXED (Total Development Cost, 1, 0)

(34) Pre Clinical Cost=INTEG(200*Development Cost increasing rate, 200)

(35) Development Cost increasing rate=IF THEN ELSE((Development Cost-Development
Cost1)/Development Cost=1, 0, (Development Cost-Development Cost1)/Development
Cost)

(36) Development Cost] =DELAY FIXED(Development Cost, 1, 0)

(37) P1 process=INTEG(P1 Additional process-P1 Reductional process, 8.6)

(38) Total Development Cost=INTEG(Development Cost+Pre Clinical Cost, 748)

(39) P2 process=INTEG(P2 Additional process-P2 Reductional process, 4.6)

(40) P3 process=INTEG(P3 Additional process-P3 Reductional process, 1.6)

(41) Development Cost=548+(Phase 1 cost+Phase 2 cost+Phase 3 cost)-Outsourcing
rate*(Phase 1 cost+Phase 2 cost+Phase 3 cost)

(42) Phase 3 cost=P3 Cost per process*P3 process

(43) Phase 2 cost=P2 Cost per process*P2 process
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(44) P2

process Cycle time=2.5

(45) Effect of IT Development=0.19

(46) Outsourcing rate=0.05

(47) P1
(48) P1
(49) P1
(50) P1
(51) P2
(52) P3
(53) P2
(54) P2
(55) P3
(56) P3
(57) P3

Cost per process=0.15

process Cycle time=1.5

process per year=P1 process/P1 process Cycle time
Reductional process=P1 process*Effect of IT Development
Cost per process=0.4

process Cycle time=2.5

process per year=P2 process/P2 process Cycle time
Reductional process=P2 process*Effect of IT Development
Cost per process=1.5

process per year=P3 process/P3 process Cycle time

Reductional process=P3 process*Effect of IT Development

(58) Phase 1 cost=P1 Cost per process*P1 process



