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o (Connor et al,

2 AlA}

o

Z
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=
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A2 2

A dAARY FRe A YuEeR F VAR vEd 2ol HE
% A -&(prospective  adaptation), FAZA  A-3(concurrent/ad  hoc
adaptation), $3F% % 3 (retrospective adaptation)®. 2 EFHt} WA
2 A g(prospective adaptation)= Aol 2]3F % -3-(by design adaptation)
ojgtil A sh=tl, AME 71EY EAAR] Alg o] o] Ho] HEgFA o
2 A8 | H&Holgtd o] AFRo] oudt= A Hue IHA FAT A
2e AYA &S Holgta AW (Chow&Corey, 2011). 18]l
Chow&Chang(2008)2 W &2 gL A AGAZ gk Hdoja, o

)
= A$A FEZ9ul A (adaptive randomization), ¢HHA O &

A =7 A%
A& FW(stopping a trial early due to safety), =3t Ao A9 Fou &
&4 S (futility or efficacy at interim analysis), 23} =2}te] &2 (dropping
the loser) @ 2 =7] AH 7} (sample size re-estimation) < X&3tv}ar
Al whdo] FA A A -$-(concurrent/ad hoc adaptation)S HH o) A¢
A AGAM7E HAE = AL AR AAE wdsts A2 o= o

TAR odw AT FTol AFstaA sk AmHe A EAAS g
AatAl Fomx dAFEY] FAXES SV AF F v A9t
(Chow&Corey, 2011). 28] 31 Chow&Chang(2008)= & Al

A WY o WAIY FAHo] o] FoX = Fola, FE AGAE AFA
o] WAoo gl AP, o HEHS AR/ T+ A
(modification in inclusion/exclusion criteria), 715, A% 2 £k A Y3t A
8717v9] H7b 7}s & (evaluability criteria, dose/regimen and treatment
duration), 9YAAE 7 TEE/ada HFE 549 WX(changes in

hypotheses and/or study endpoints) 52 ¥ &3ttty At} 534 % -g
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(retrospective  adaptation)= 2 LA Bl (validity)2 SLA
(integrity) & 1A A &= W9 HolA dFAE deoly 45 913 7H3
A SAAA WHes THAIIE Hel F2 489 HChow&Corey,
2011). Chow&Chang(2008) 34 %82 F=& ©loly Fa(data lock) B
=7} 3 A (unblinding of treatment codes) Aol EA A ATS A
W7 sk Aolar FAAQl HAEAS] o dA= Hdgdva A

E 1> A AA E ASA AR ude] Bl diske

=
golet A dZAA Tl tske] g weoll Ay = 5 o

et

2. A8H AIANE dApge] &7
HE&A A FRE A dAAEY HAAER F A AT W
HoR g ol #HAH  AF(exploratory study), FFA AT

(confirmatory study), M4 A< 54 A7 A B} AS
(combined study)® 7%t} Ossorio et al(2013)¥} Kairalla et al(2012)-
28-# o AA e B A A oA (exploratory study) 28 St5 @A (learning
stage)oll Al 7HE EHAl AR E =], ol " AT A7 Aok A 9
A5 S 9% 27 dAle] A7 wEolrR Al eke] =4
(toxicity) ¥ & A (efficacy)S WS B0l FASA A B 4+ YL
A A AH(bio-marker) WHg-ol gk dpoto] Zhedtr] wiiolgbal A g
th Bk ofyel 7] dBAE dAlolmR Al Ve TAlE s 7

=
SHE o] el AgA QAP Feists Al 18 2 28 2Fol o

42
r o
-
N
—_
ot
)
e

g A (combined study)”}
AN Fe 1 & 240 A dAZ A+ =
Ag-Qld, ol Ad7t F X9 27 4AAE

o]
9AE @D YY) WEd wad He o JPAS gz Aoke] 5
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B g 7] "Folth o] wro IgAIF e 2 % 3o FAHX dAE &
gt Ao E3EvH(Ossorio et al, 2013; Hung et al, 2006). ¥3 -9 7
T 7 A GAL] JAAE S Tl AAIgte=H AJZE 2 H] 82 Q] Ho

]
A
©7F Ee AT AAa nEHE Aotk oldd B ATolA o

X

1o

2 83=3 T (confirmatory study)’} dEdH, o= &<l

S 3t 4" AR 454 529 vl t &Rl (adaptive randomization

design), & 3k tJAFl(group sequential design), ¥ =7] AH7} ¢ =}

°l(sample size re-estimation design) ®& I35 2 Y AFA(group

sequential design)¥ EE =7] AH7F Y AQl(sample size re-estimation
design)S ¥3t3t 53 tjzpQl S ¥ 3skskth(Kairalla et al, 2012).

OF 4v ASA AEATEY AR £ TRE vl Ay B oS

%

oz gl ofg] 7HA] FHEC sl dE] AHEREE &)
DASA 291w A ] =2kl (adaptive randomization design)

A& FASA A AR A FES =07 flst A R8T
g o] teFetal sdshA ¥ FES FHE 7 i sh= AAlola F

2 A= ogt AE&A F29 vl A (treatment-adaptive randomization) Zh
78 73 FW#F(covariance) S 7 A EFS X £ e ¢ ¥ FE
S AFsteE FHEFe 9%t He&AH F29 el A (covariate-adaptive
randomization) ¥} X579 A5 Hetstal o] AxE wviEg o= FA9] wj
4 FES WAL ESE sk vl o3 A% T4 A (response-adaptive
randomization)S 2§t} SHA|RE B A1 x7|o] st g zle] wkg-
of oJdte] et W ARE ngo R WAE/FE 2 5 v AAoBRE HuA
A H4x F7F AAY QAT 717be] #S Al A A5 AME-E T

(Kairalla et al, 2012; Chow&Chang, 2008)
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2)71% <= YAk (group sequential design)

O A "gARle Al 18 /5 SAs Ja f S 4 S8t AlA
J

I:l
Z9sAY F717 0 ig(adaptatlon) < Ab&ste A

A ARAE S AE
WA 7= tRolar, o]E5 F7] FW(early stopping)eldtii® dA=th
o] Wl FXt A A= WEA] AAAES V] THE HA & wE F
a3k Aifolojof o} we IF Ak tAIY] AS $3XF A AATE &
Ao w RYPEE AP dHolHdA w2 AS viEoE Y] uiE

2 =
of g el I|PA IFE EHPste] dHoly AE WwEE FF HA Eof
e A oof Al ‘ofoll A W ekA ARSI QT
(Chow&Chang, 2008; Brown et al, 2009)
3¥E A7) AH 7} YA (sample size re—estimation design)
271 AR7E ORI 3 BAS S HelHE wger FE A7

—:f‘JL.
T % EE A7) AEIEE 88k ARl o]+ H

1=

A7 gye] A7), 2A¥e dg =/ada A3 e VE
=7H R w7 Al AR BTl A48E 5 Ak o
T 7159 QAR eNA FEY] AV A2 A2 F
T4 2 22 A7 AFIHE FE&dHE o F
ofyrR® AZFAo] H F glomw Fofsfof .
(Chow&Chang, 2008)

HA 2 &g o) 2Fel (drop-the-loser design)
Aozt &2 gl A RA S A ma Y @ F &t FUHH
A AEds F7 AVIESE &t M EdAR AEds Fehde gA
ol (pick-the-winner design)°]2ti1% ™%
o A% Aok i ARl A Aok AHAH FoFfo
AN A F&skA AE&ET SAINE o] HAkle] g shelw "©Ere U+

3]

3 ARe]l B FaF 4T su g @ AT dolHM §F

ol
i)
>
2
u
ol
)
(o}
=
g
o U
v
B
r o

Jot
i1
ol
ol
B
&'1-4
rlo
[\
0%
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e e A7l F WA GAl A AR S Ao daE
ol Hol W= FloJth. o] wjo| a9t ©eto] o] Folx= A WA A oA
T AAAEY] AES o]FHo] ¥ F JY

(Chow&Chang, 2008)

5432 &% A3 t]x}(adaptive dose finding design)

A &% A7 YAl &% F7Hdose escalation)o] gt =4, o
OAQle AR v A dad &S AAs] st HA
& AZF(minimum effective dose, ©|d} MED) Zg|il/XE+ FHul U
(maximum tolerable dose, ©]3} MTD)S w}etsla £ SA43 35 Z
olj7] fste] %7 AAAIHA F2 HEHT o] YA UA HEH
AgAFeA At mo]AlQt tix}F<Ql(bayesian design)@t A A3t g A

op
)

< A H 7} ¥ (continual re-assessment method, ©]&F CRM)Z £% A}t
=
(Chow&Chang, 2008; Ossorio et al, 2013)

6)% &% A< 2/34 t]ztel(adaptive seamless phase II/III design)

A& AL 238 HARNLE 7IEe] A 24 3dE T Eold /)
o] A&3to] el AlPor AAsE HARICE XA fFaEA A
M ASA dAIdel A8H7] /Sl ERE AJAANAN U2 BE

tlolH & AREete] FHEFAo=m Ay BAST gla 2 dAAE AAE
= A (toxicity) 4 28419 v EHA == As 228 297t

H7F fobH 2404 A HAAE sEE FF dnh =3 2 Al
Bk AAdow FRE A dAAIEY @44 AT (exploratory
study)®t 524 A (confirmatory study)”’} §x 2 23+ ¢ (combined
study)oll X3 HE 2449 &A% AFdqias= AlF  7HE(confidential
interval)ell ot Aol FHE T8 9HH 342 54 AFeAE 44

p4 =
A A A8 (power)s Fotste dHol FF ek
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Pgom o szt o

(Chow&Chang, 2008, Lu et al, 2011)
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do BN O T T = %
TR TR 3% %Ny w S =
~ = X X © o] ~o o# | s
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ool ¢4

1o] 1},

a, olZA B Abdo A A AISE 1443 24F2] 5§ A (combined study)

[e)
48

(dose graduation),

o

% Z7}#(dose escalation), F<]

o= 1
(dose
S AA

=

-

R

7}

J

o
=

A%

=

o)
gl hojr F3kel &

=

3]
Aol otde} 179 7o & & (dose-finding) 244 2

-
R

At A A 5]

o] g

91 ¥4 t]AFel(adaptive randomization), %7] % %(early stopping)©]t}.

graduation)°ll &3 @A L2 ZukE 240l F2Re wig 9A
o

=<

ol e}

ZAF " AyE vpeo g2 F 9 FE(posterior inference)©] AF&E o 1743} 2

A

v A (randomization)©] sAlo %138 I

bl o,
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A8l AHEES Stk WA 2 ARARY 1 Aldstaat gk
oko]l Z ] W F(maximum tolerated dose, ©]3} MTD)S uo}staizl sk},
4 ¥ 54 5 74 (modified toxicity probability interval, ©]3} mTPI)
& Ab&ste] Aokl =A(toxicity) S HESL, AE ® 7S vtgo R Al
oFo] Fo] Hd&F TV (dose escalation) ZAME A&t 4 H 54 &
(mTPD) "1 54 & 14 $HES ZAbeksd, o W /9 gE
(unit probability mass, ©]3F UPM) 235 HESC WA Ak =54
of dlgte] A olst, A, T} Ao dlete] Atsta o= Algstazt
ab= oFe] Hdf WFMTD)EY 247 o @A, v=siAY, o 58

= efA & 5 Qlvh wkef oo Hof WRMTD)EG A vttt &%
S7teta =A Ugow £59S dAd R Folu HFoz sk

' Al 7HA 7IEe] 7

_l

o5

OEE b}

54 g5 14 (mTPDo] AFAI g ekl o] &= (dose- fmdmg)o] A4 5
= Aotk & A= 1A F 57HA ] & " (dose) 5= HFR O =
Qo] Wyor FogF(dosefinding) S Aldstal, o]F 24 AFAE
oA A7) flste] Fof M AA(dose graduation)S A &3t Th ol &

AGAI O] 17l A AAEHAZ Fo] AFES dapgoz F3k #o13 §lo]
5] Mo g Wrle Aoy ol B AAA T oA

sk ARt E 4 A B9 % 2 A (dose-finding)ol A T3 H SHELS
4 A3t f 8 A (efficacy) ¥ RS = A (toxicity)S

o AE frh o] RRAML Z §ue] WA Fol B

ﬂll
>
=
o
o
)
do
o
o

E

3} 5 (posterior probability) ¥} 7] @& =3 gl 848 7HR f250)

A= Fo A= A (dose graduation)ol E3}Fslo] 24Fe] A -$-2% FZH9] uf

_2‘]_
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A (adaptive randomization) 73S ¢
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=
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218y 17 D 27400l A] nl= A9 A7)

1
3}

kel

o =4

F A

T &FE 2 43N E

o}

83

ol

vzl

il

el

A2} 7}

o]

Wl
o

0

;OL
oF

o
,.__AO

A

Fach XJT dArel

9|

A 24

o A%g

|

XJT Y A1} conventional © AFR

A

FAE YA B2k ARE el A = Fo
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Oz olA
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NJo
o

T

WwH

—_
fite)

N

KX
=

b o

el Aws

Kol
=

o], 3+3

s

L

escalation) 24

A =4 (dose limiting toxicity)o] 24

_22_



= AATE AoltH(Chow & Corey, 2011). 18] 2F 2 24 o= Fof

& % (dose—finding) A3 ZAME 95t A AJ= =1 conventional T A1

off

] )
Ag wzata @ 4 vk 37k HAelel Aol A S 1809 e
= 77t ARaAn K 54 E 674K fEd EaE g,

FRA B FEAY Ak FEAC Fbst vl 4k, FEAC st

o

3 -
& ANk WA B AR 434 QYNGR XIT HAe At
1

A v/ FE HQle=d, o] o]%F Hlu %= conventional TIAFQIF} & A

13 oF We2 AdRdor &) gt AnHon ¥ Ao
4838 2g4 Qgagel XJT tA913t conventional FlAHlelA AHg
AP = ®Brh oF 50% 4% AA A AR HA = (power)oll Al A =

2
)
N
-
g2

H 2tk 12]3l conventional TIAF1 2] 49 EE AL oA F
0 71EA 2 A8 A Q0 1808 2w € HAAT 719 180 9] I
A w5 dAAAAA wiAEe] s XJT  YASle]l A%
conventional Tkl Hub= B 22 I dae] g7 QA oA ujAg
HA dEAow 2 A A ES XJT "AQlat vlaste] A€
BE AU oA o 2 A4 (power)S EE3F3 3 conventional Tl A}

Az} wastel B e AW FE 2T

AL

= O o -1 1= 1
of 249 F Ao FARAAR AARE GE2Y $He] FAA} 54
ARAY AL wEA 22 9 5 YYen o 42 wEY F g
ooolo] R4 Ade] NFS B4 ARAY wwA Fe A% e 7
5 oA AR AN T 5 ol NEe nelslord BF AT wFo
= WAl

oAbl A AAE HeH QA

R

7l = ]
A AGA A 1t 2482 ao] FAlel WaAdT= Aol M AleF 7t



AZEY 2RE Fol del ook vk o o AL AF Aozt ]
A B Wgel dolA amEE A EY 5 An F K] GAA
gol BAO| A= %

(Pan et al, 2014)
2)/+E12

2 AEAAE S 1 A S AEHY Al VA AEES s T9 3

o T-(comparative effectiveness research)E  Hlo]Al¢t  AH&Z  t]xel
(bayesian adaptive design)g HF® o 2 A A|EE AJE o] A Z
garls A&skA ZFe 71Ee] dAAES FEd o

effectiveness research)oll A Al 35 &=

FEo fiA BAL Fakol oW
ofol b EHT AEAE FES Bk AW FEA AT AW A o
2 oue ATRT o 2o R A7), § od A , 4

L
Lo
b~
al
n
i
rlo
1S
O

Alg Blgo]l a7HY. ol FEA AT AATE AA AIREIL U= FES
do s ot ko] of g7t JEAE AT Aol7] wel dFAE
g HusteE AFEGUE ¢ & 7PHA (variability) o] 27 ol A
o 2be 53 A7)E WAsty] wtolth o] wiEol A&A dAAFES T
¢ FEA AT B3R Aol Bastal i Abdlel A A A A8
AAle e Ag2 F29] vl A (adaptive randomization)¥ 7] FWH(early
stopping)e|th. ¥ Aldlol A HaH HSH JAAFL 7]E JAAT =
24 Hjo] Al t]AFel(bayesian design)< AF&3to] 34
sto] ofjw gk ofo] 7 UL dar 7HE Bt A E =& ol #
A =&yE A%E stg oz Az 29 wAdS HE &
FAL g s A&, dTAE fEA
G599 7|FEAE AAG o] 7IEAY ghel wel A HE AT AE
(success) T+ F 9 (futility)ol] &3t 7] &S H&3sFT)
2T ogA ASA APl JNAHA=A AR/ AR O

AAE] AHEES A 2 AR T 7MY AldEE ofee] 2t

o

mlo
o,
]
o
=3
3

o wel miA AI7IHEA A4
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) ) . &2 F29 8 4 (adaptive randomization), 2+ 02 QA3 %7 AHAE
AFA Ae (by design adaptation) B . _ - .
_ i Z(stopping a trial early due to safety), 3t E24 oA o] 3} {9 (futility
(prospective olghai: WA, . o ) .
i ) ) or efficacy at interim analysis), 23 #}9] 2 (dropping the loser), ¥¥ =7]
adaptation) AFAIY AFHZ A3 B ' .
) A3 7}H(sample size re—estimation)
2] 2§
SAREA S | A JE =F AA/A) 9] 7159 A (modification in inclusion/exclusion criteria),
(concurrent/ T4 2 R AN 71, A 2 FoF Aga) X573 H7F 7He(evaluability criteria,
ad hoc A& el WA R 2lsto] | dose/regimen and treatment duration), $J4AIE 7 mE/4 HE 7o)
adaptation) 2l s) H A (changes in hypotheses and/or study endpoints)
dlo]& %= (data lock) %
S 3A A =7 & Al (unblinding of
(retrospective | treatment codes) % 2] FAAJA A 4 2 AA
adaptation) T4 9 WA, Al
HEA ] o)A dx=2 28
- 47 - ,-H g



LIk

s e S
ST

=
A5

2012)

’

Kairalla et al

(

_48_



A AAE AL 2 F (AFE)

T Adaptive Clinical Trial Traditional Clinical Trial
1743 278 d4A 3ol AR 53 A5 (combined study) 1743 224 A do] sxH oz upz HaPg,
o = 1743 278 94238 23 /7 75 1743 274 4N 243 /7t &7
9 EX
R S PVETRE P AGAIFol Fitkell Edglel FAlo MPEn= 1743 274 A9 A AgAd 2 A4 AR
AGA A AGA 2 ARA JHIE A o] Fo| A, HEZF ;= o] Fofx.
XJT YRRl 1o A s Fo A F7H(dose
14 44 8 %4 F8 AmTPDE AH§she] Ak JT ot 1aell dg s el Aw i
- ) escalation) A& ALk & FolA 69 &4 T 54
=A (toxicity)S AESL, AE W 7|FS vl oz Aok
_ _ st A7 18 E 29k et S-S F&eke
Fo] A% =7}%(dose escalation) FAFS A&, Al FEF Lt i
i Prlog astd i, o] &7 A (safety)o] &g =W
k= ok FH o W #(maximum tolerated dose, ©]3F MTD)< )
. ) | st Sy gxare] 2119 FAuA FEE FAdstHA o]
Ol A A& | mpotat.
YA _ o ZrEel §wel o B BAE A9 WAsE 98
ey W 1A o> 24 =& A% F-E (posterior probability)#F €] v
o s . 521919 4 (adaptive randomization)S %] &3},
= A (toxicity) ¥ B}93F & (efficacy)S 712 &30 Fof
. i Conventional TIZQL: 1ol A= dugHS 7|22 ¢ 3+3
A% A4 (dose graduation)ol] & F}ste] 27302 HAEH, i _ .
_ i HA S AFEete] Fo A=F F7F(dose escalation) 274 S
27 9 afAA &9 ol ¢ B2 IIA4E wAdS ERE
o ZAbstaL, 24X o &% (dose-finding) A3 ZA7L
st 484 F 298l A (adaptive randomization) 4 -84, .
2Pl o] F 7HA| Aol eAF o R wmE .
A A2 AdAE, XJT, Conventional TX1 7ke] X = (power)e] ZFol7} gl
Y " BE =37 71 384 dAAE > XJT txtel > Conventional Tx1 o2 A3 L&,
Nz 2y 2 AdAAIE A8 2 ARAQ AE HE
) 2 AZEAQl AR AA AR EH 7t Bk
AR | EA (efficacy) ¥ FA (toxicity) o] BAITHEA 9 Fo] B3 b A ]
1743 224 Aol 2hzh o2 A7t A ez Agkd
FEo| of7] A 7 A&
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Abstract

Systematic review on the adaptive clincal trials
and proposal for the application and development
of the adaptive dinical trial in Korea

Songi Yang
Public Health & Public Health
The Graduate School

Seoul National University

The interest and study into the new medicines are currently arising in
the filed of the medicine and public health in the world as well as in
Korea. Therefore, a plethora of investigators in the filed of the statistics,
regulatory and ethics put their efforts to lead the successful clinical trials
with the shorter time and the lower cost while proving the safety and
efficacy of the new drug or treatment. In the year of early 2000, the
United states Food and Drug Administration announced the Critical Path
Opportunities List which contained a total of 76 initial projects with a
total of 6 broad topics related to adaptive clinical trial referred from
Critical Path Initiative(CPI) to assist for the drug medicine scientific

challenge which was planned by the drug industry into the new drug
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development. This announcement suggested the adaptive clinical trial or
flexible clinical trial; the clinical trial is defined as the alternative design
allows the modifications to the trial based on the interim analysis after its
initiation, and the FDA mentioned that the adaptive clinical trial would
make the success more easily with the shorter period and the lower cost
of the clinical trial. After that, the study of the adaptive clinical trial is
continuously going along.

This paper explained about the current status of the advanced
researches, characteristics and types of the adaptive clinical trial to assist
the understanding and the current status of the adaptive clinical trial.
Moreover, the systematic review of the four adaptive clinical trials which
were performed in reality or with the forms of simulation in the
US(United States) and EU(European Union) nations.

As the result of these four systematic reviews, the analysis elicits
the advantages and disadvantages / limitations of the adaptive clinical
trial. As the advantages of the adaptive clinical trial compared with the
traditional clinical research, the adaptive clinical trial makes the trial with
a shorter duration and a lower cost, and provides the more successful
study results with a bigger power and a smaller sample size than the
ones from traditional clinical research. On the other hand, the adaptive
clinical trial would require a deeper enthusiasm into the study experience
and reference of the statistics, regulatory and methodology as the
limitation compared to the traditional clinical research. Moreover, the
adaptive clinical trial tends to limit the deduction of the efficacy response
and the research in the least effective treatment or study drug. Finally,
one the limitation of the adaptive clinical trial is the possibility of the
fallacy of generalization.

In conclusion, the paper makes a proposal on correct and specific
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application and development of the adaptive clinical trial in Korea with

the deducted result of the systematic review on this paper.

keywords : adaptive clinical trial, flexible clinical trial, clinical trial,
combined study, adaptive randomization, early stopping,
safety, efficacy
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