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Abstract — Recently, the FDA (Food and Drug Administration) of the United States and many advanced countries remark
biomarkers and surrogate endpoints as a critical path tool on model based drug development. Economic, technical and social
profit on model based drug development like a reduction of the length of research and development have been achieved.
Therefore we summarize previous studies about biomarkers and surrogate endpoints and suggest a development direction
of therapeutic agents. In diabetes mellitus (DM) and osteoporosis, there are remarkable increases in number of patients and
most of patients take medicine during their whole lifetime. For this reason, many patients with DM and osteoporosis have
a tolerance on their medicine. We expect that research and development on biomarkers and surrogate endpoints will con-
tribute to new drug development on DM and osteoporosis. Biomarkers for DM are blood levels of glucose, insulin, HbA,,
CRP, alpha-glucosidase, adiponectin and DPP-4. Among these, validated surrogate endpoints for DM are blood levels of glu-
cose, insulin and HbA; .. Biomarkers for osteoporosis are BMD, BMC, trabecular volume, ICTP, DPD, osteocalcin, the activ-
ity of osteoclast and production of osteoblast. The validated surrogate endpoints for osteoporosis are BMD only. This review
summarizes all suggested biomarkers and surrogate endpoints in DM and osteoporosis. The biomarkers are classified by
drugs, and the method of validation for surrogate endpoints is suggested. This information would contribute to suggest a
direction of DM and osteoporosis therapeutic agent development.
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Fig. 1 - Relation of surrogate endpoints and biomarkers.”
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Table I-Type of relationship between biomarker and clinical

endpoint
Wellstate — ~ 4,  Biomarker
A type
X
I
Disease
B type Well state 4_[, Biomarker 4—].. Disease
Well state —], Biomarker
C type
I
Disease
Well state 4[,. Biomarker
D type
U
Disease

1 : Affected by intervention
X : Not affected by intervention
U : Unintended effect of intervention
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Table II - Biomarker and surrogate endpoint of diabetes mellitus

Disease Drugs Biomarker Surrogate endpoint Reference
Glucose concentration in plasma Glucoge concentration 11, 12, 16, 48, 53
in plasma
Insulin resistant intrinsic factor
. (HOMA-IR, OGTT, QUICKI) 11, 13, 14, 53
Insulin
therapeutics HbA,, HbA,, 53, 54, 55, 56, 57
Insulin concentration in plasma Insuhr} concentration 53
in plasma
C-reactive protein (CRP) 16, 58, 59
Insulin resistant intrinsic factor
(HOMA-IR, OGTT. QUICKI) 11, 13, 14, 15, 53, 60
HbA,, HbA,. 53, 54, 55, 56, 57, 61, 62, 63, 64
Glucose concentration 11, 12, 15, 16, 60, 61,62, 63, 64, 65,
Sulfonylurea Glucose concentration in plasma . 66, 67, 68, 69, 70, 71, 72, 73, 74, 75,
in plasma
76, 77
. .. Insulin concentration 15, 53, 60, 61, 63, 68, 69, 70, 71, 72,
Insulin concentration in plasma .
in plasma 73, 74, 77
C-reactive protein (CRP) 16, 58, 59
.o Glucose concentration 11,12, 16, 17, 18, 19, 48, 53, 61, 63,
Glucose concentration in plasma .
in plasma 64, 78
Insulin resistant intrinsic factor
(HOMA-IR, OGTT, QUICKD) 11, 13, 14, 19, 53
Biguanides HbA,, HbA,, 18, 19, 53, 54, 55, 56, 57, 61, 63, 64
Insulin concentration in plasma Insuhr} concentration 18, 53, 61, 63
in plasma
Diabetes C-reactive protein (CRP) 16, 58, 59, 63
Mellitus

Glucose concentration in plasma

Glucose concentration
in plasma

11, 12, 16, 11, 12, 20, 21, 48, 53

Insulin concentration

Insulin concentration in plasma in plasma 20, 21, 53
Alpha-glucosidase P
inhibitor HbA,, HbA,, 20, 21, 53, 54, 55, 56, 57
Glucosetransporter; 21
GLUT-2, GLUT-4
Alpha-glucosidase 21
cDNA encoding the protein
(Acrp30; specific PPAR-gamma Adiponectin 19, 22, 61, 79, 80
biomarker, Adiponectin)
Insulin resistant intrinsic factor
(HOMA-IR, OGTT, QUICKI) 11, 13, 14, 19, 53
HbA,, HbA,. 19, 53, 54, 55, 56, 57, 61, 64

Thiazolidinediones

Glucose concentration in plasma

Glucose concentration
in plasma

11, 12, 16, 19, 48, 53, 61, 64

Insulin concentration in plasma

Insulin concentration
in plasma

19, 53, 61

serum total cholesterol,
HDL, LDL, triglycerides

18, 81

Meglitinides

(short acting insulin
secretion stimulating

agents)

Glucose concentration in plasma

Glucose concentration

11, 12, 16, 26, 48, 53, 64

in plasma
HbA,, HbA,, 53, 54, 55, 56, 57
Insulin concentration in plasma Insuhr} concentration 53
in plasma
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Table II - Continued

Disease Drugs Biomarker Surrogate endpoint Reference
Exenatide. Glucose concentration in plasma Glucoge C(l)ncentratlon 11, 12, 16, 27, 28, 48, 53,
(Glucagons-like In plasma
peptide-1) Insulin reaction 28
Amylin analogues Glucose concentration in plasma Glucos.e concentration 11, 12, 16, 29, 48, 53
in plasma
cDNA encoding the protein
Genetic biomarkers (Acrp30; specific PPAR-gamma Adiponectin 22,79, 80
biomarker, Adiponectin)
C-reactive protein (CRP) 16, 23, 58, 59
Insulin-like growth factor-1
Diabetes AGF-1) 23
Mellitus . .
Insulin like growth factor binding
. 23
protein-3
DPP-4 activation in plasma 23, 24, 25
DPP-IV Proteinase - -
inhibitor Total Glucagon-llke p.eptlde-l (GLP-1) 23 24. 95
concentration in plasma T
Glucose concentration in plasma Glucoge concentration 11, 12, 16, 23, 48, 53
in plasma
Glucagon concentration in plasma 23
Insulin 23, 53
concentration in plasma
H] & a Wozitk AARIE Gk 9 g FEenu

[e)
2} & 4= 9lt}. Smirnakis 5-(2007) Firgo] 4 =
9AA] Y= CRP(C-reactive protein)= Z7}8= A& 4
T3} wEpA CRP(C-reactive protein)© Ficrgo] 2-8351=
YA A Ao 10

Biguanides7l] °F& — (oA & S A=A SAlstel E
T XY FEE sk oFEEA metformin® ® i
t}. Biguanide] oF=r-e] AABARE &9, 25, G35
2Z#1 CRP(C-reactive protein)”} och.1719

Alpha-glucosidase inhibitor — Bischoff 5-(1995)=>- alpha-
glucosidase AaAIS] 71 digl] 351815}, Alpha-glucosidase
T Brshlae] Aslel] dojels gaAhwA skl Hallo] &
ofsle] % XS west A4 9E-E sk aholrt)
wEhd Gy $xke] g 28] 382 = e S35 A
FAREA AAE S k2% Glucose transporter(GLUT) &
Fos WABAAEA 384 5 QU

ThiazolidinedionesA| — 1&& 3JE /WAAA BAZA(E
A} ARAR A QlEd 23S T oFE
F2 A ol A LE ¥ PPAR-y(peroxisome proliferators-
activated receptor)s EAIAA A& AIAS AT
PPAR-y$} #9 adiponectin®] FiH Rl A gAkelel 1]

adiponectin?} Q1&H A4 Ud4 AAH(HOMA-IR, OGTT,
QUICKDE Wil X 5A4] 70 Al f-83HA 883 = e A
AxAA 2 & 4= gt

DPPIV Proteinase inhibitor — DPP-IV(dipeptidyl peptidase-
HE do 248E29 GLP-1(glucagons-like peptide-1)7 GIP
(glucose-dependent insulinotropic peptide)E 4874 ZAAl
7= =3olrh. Wb DPPIVE AsiAzl 24 GLP-13% GIP
o) 715 dsAA Ed 2EE 8] 28 4 vt DPP-
IV proteinase inhibitor= sitagliptin® & w3 4= g} 229 o
oFE-2 DPPIVE] 29}l GLP-1S A EAAE 283 4
e @ gloH olF S8dl ¥ W Wi A=Al N
o] 7ksg Aolrt.
Ve R — o] 2]o X meglitinided) (§7]7F Q& o
1A4]), exenatide|(GLP-1), o' 27| (amylin analogue) d=
FA7} QI 0152 ERAQ YAFEAAE QST F
o] HAAQ BATAAR TuF §%, Ql&d w5 g

st gl FAE A EAAE 286130t

RN
[

ol of

=CI53e| 2feb Zot #(clinical endpoint)2} HHFEXIX}
(biomarker) ¥ CH2] Z2} H=(surrogate endpoint)

ZECS32| 4t Q) Ha(clinical endpoint) - =TH52)
A+ A3} W= U % (bone mineral density, BMD)2] 57},
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b

A 9 37| (trabecular pore size)2] FAE A 4= Q)
020D g3 Fo3 oAk A3 W] s 559 4%
(pain level)?} QOL(quality of life)s S <= v}, QOLS Visual
Anlogue Scale(VAS), Modified Face ScaleMFS), Beck
Depression Index(BDI), Nottingham Health ProfileONHP). 2. =
=4e = glg 3D

s mME SCis3e| MAMEX| A (biomarker)2| 257 —
Az o] w2} imaging marker, % 34| AK(serum marker),

Y% YA A (urinary marken)Z Y5 4= 20U}, Imaging marker

W

+ MRI(magnetic resonance imaging), XTM(X-ray tomographic
microscopy), DXA(dual X-ray absorptiometry) 5.2 322
T = AAEAAE 2v| sk}, Imaging marker = bone
mineral density(BMD), micro-architecture deterioration, tra-
becular pore sizeE & = QIt}. BF XAz HoA] doid
T e AAZAAE v)gith 9% A2+ C-terminal
telopeptide of collagen type IICTP), osteocalcin(E.4), total
alkaline phosphatase activity(ALP), bone isoenzyme alkaline
phosphatase activity(boneALP),
procollagen type I(PICP)o] 2% -9t} w3 ¥ X ANurinary
marker)= x5 olM & T e AAEAAE ov]Eth N-

terminal telopeptide of collagen type IINTx), N-terminal

C-terminal propeptide of

propeptide of procollagen type I(PINP), deoxypyridinoline,
hydroxy proline, proline-hydroxy proline dipeptide”} ©]ol| 33}
At

7180 e ECkaEe| M ZX|XH(biomarker)2| 27 - 7]
AEE = F Agr B8y A EX A (biomarker of bone
resorption), & @43} A=A E A A 3 A A (biomarker of bone
formation), = H =9} ¥l ¥ A A 3 A A (biomarker of bone
densitometry)® 752 = it}

Z Aot BEY AAFEAAE serum C-terminal
telopeptide(ICTP), urinary N-terminal telopeptide®NTx) of
collagen o]t} =37} #Aw AAEAAR= serum C-terminal
(PICP)¥} N-terminal(PINP) propeptides of procollagen I,
bone-specific alkaline phosphatase, osteocalcin®]t}. 1231 &
WUx=9} #EE AA|3EA %= bone mineral density(BMD)’} &l
e ®

otE || 2 SrizEo| MA|EX|Xl(biomarker)2| 27 - A
ANFA AR FErE R oofsA EAg. T TAEY
(calcitonin), SIP~E= 7 )] Q% (estrogen replacement therapy,
ERT), Blel2l K&, W]ElY] DL, bisphosphonatesd] F&,
benzothiophene 7| ¢F&, ~E&H(Sr ranelate) & F, 17| 1L
statinA] eFE-& ©]§-5H Qo] §lt(Table IIN).

Calcitonin — ZA| =S g} £o] A4S sk T2
o8 I CHIEEAM ExlEt. Fof £0 2o st 3t
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}. Ellerington 5(1996)> #1747 SFUha-58A1E
g7 om o] ZAEYS] v)7 o] F4E o] gate] flokr
(placebo)t fr2l&t 2fol7}t A=A1E Aek AR7E Alvk 71 4
¥ FUErE okrdt vjwste] SRS ER1E 4= QIgick
2 ZAEo] ZrEse] X5 o 9Es & Aok 7]
thee}3O 3 Ofluoglu 5-(2007) Holl Frle5e] F2 ¢
FA ol & 7 Sl S et QOLel ek AAIE WS
28-S Asiglon, ZAE Y wEl =23 (B-endorphin)®]
AIYE ATt 1 A7 ZAjEdo] HE dEe3e] 3
de frieste] ] Eat sle AS QOLE SR
A =t QOLS Visual Anlogue Scale(VAS), Modified
Face Scale(MFS), Beck Depression Index(BDI), Nottingham
Health ProfileNHP)© 2 27433 A 2dS o] 83 Zr}
+59 a¥3E #lsh= WY o2 MRI(magnetic resonance
imaging)s ©]&38t WHT 9t} € - (trabecular micro-
architecture)® 2% #181= WO Chesnut 3™ 5(2005)°)
olF ATEIITE o]g % ZAEUS 083 X8 oWl AR
TUES} FAE TE2E IS 2% A EAA )
ot
ERT(estrogen replacement therapy) — ¥177] o] od=<ll
AX A Hehhs 2these] Ae- AAERAS BEEEe
22X EvEEs A8 Sk Lane §(1999) WHAdAls
S 3§ IF THEHE 17B-estradiols THAEE I8t &
-3 (trabecular bone volume)E W] W 8FC 4] 17B-estradiol®]
=5l vAE GRS FARISIT FEE A7) 334
X-ray tomographic microscopy(XTM)° = Z78315ic}, 1 A}
AERZ AP FAE F710] o] o= AS ¢ T
AT FrhES Gl =AFo] Agto] Ar|m FAF
o] FthyFe] AAEAA R & = vk o]2lel o AEEA
o7 @oF S 7 = AAEARRE B A TAAE
] C-terminal telopeptide of type 1 collagen(ICTP)e] )21,
I A EAAZ A= deoxypyridinoline(DPD)e] th= A&
Okabe 5-(2004)2] Q17 Aol & 4= k>
HIER] K, DY - H[ERLE S8l athess A58 + 3
ok vlER] K= we] Aglsle] Fagh oghs it e
2l (osteocalcin)e- 2] 2] # QoA Fe- = Q= Fa s njEet
7 b2 (noncollagen protein)o]t}. HIER Ki= @ A~H @24l
A= et AFA71aL, o] W ol AlRle]el| 9lE
Tes g el vEll DE 24 Qe 555 &
2 8] S AEd AFAA e A=A 2
. wEhA] BIER Kol vl D7 Svhes A= 58
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Table III — Biomarker and surrogate endpoint of osteoporosis

Disease Drugs Biomarker Surrogate endpoint Reference
L Bone mineral density (BMD) Bone mineral 30
Calcitonin - - — density (BMD _

Micro-architecture deterioration ensity ( ) 31,32

Trabecular pore size 34
C-terminal telopeptide of type I
llagen (ICTP 35
Estrogen replacement collagen ( )

therapy (ERT) Deoxypyridinoline (DPD) 35
Bone mineral density (BMD) dlzgls]iiyngf/[r?)l) 35
Vit K therapy Osteocalcin 36
Proline dipeptide 37

Hydroxy proline 37, 38
Vit D therapy Bone alkaline phosphatase 39
Osteoporosis Procollagen c-terminal propeptide 40
Osteocalcin 36

Bisphosphonate . . Bone mineral
(alendronate sodium, etidronate) Bone mineral density (BMD) density (BMD) 4
Benzothiophene {selective Inhibiting production of osteoblasts 42
estrogen receptor modulators ) .
(SERMs)} (Raloxifene) Inducing the activity of osteoclasts 42
Bone resorption 42
Trabecular pore size 42
Sr ranelate -
Bone mineral content (BMC) 42
Trabecular number 42
Statin (fluvastatin, atorvastatin, . .

simvastatin, pravastatin, lovastatin) N-terminal telopeptide 43
Bone mineral density (BMD) Bone mineral density (BMD) 43

20 (kA AAIGE H el K 79, 3w (a2 dAISE F +1]E}
WID), 4 (A AR 3 +0]ER] K+8[eR D), 5at@lokh)e.
2 U AR 299 3 Fado] nlmA vERA] oF
UL 4TS 0] dA8] ZOETE A 1, 5 =4
o] ettt o] 25 nleR Ko} D7} s 2143 o] av}
7} Stigl Frkes A 2RIE = QIqlt). 9] Ao nlE
Wl K&} D7} @ AH 7RO 2Hgato] E44E At 24
25 55 4 glorng QAHAS AAEAAE &85t
A9-ek & 5= QI o) 9o FrgEa) B slo] proline
dipeptide, hydroxy proline, bone alkaline phosphatase, pro-
collagen c-terminal propeptide®] W3l7} glom® Ir}y o]
-89 Q= AAEAAE & 5 ey

71efekE+* — Adachi 5-(2001) alendronates Sz Fok
Skl FUEE S7dd5 24 alendronate?] BIFE YolH Sk

t}. Alendronate® 3=+ bisphosphonates]] SFex FUTE
AAEAAZ gD

BenzothiophenZ] 52 Salxf= 2 AH|QEE}E (osteoblast)
9} @ AH| 9 ZEFAE (osteoclast)?] H3E gH1g 5= gtk o

HeEHAEE Z2FAEFA raloxifened 3 S713 94
H e ZFel A ExE oM 2A] raloxifened £3) 7Au= oFAF

S .91}, Benzothiophen®| %391 raloxifene selective
estrogen receptor modulator(SERM)O 24| Aeld o ~E 7]
BRAES Bl oFEo|d). T 7 A AAER R
go] Mejrow #gear o]g] ZAlo} Q ol AAE-S
?:51-1:]-.42)

HApd ~EREe 2997k} 8188 Ak(ranelic acid)®] 3t
AR Sr ranelate®- =°] AFT WS Azl =4S A
= 28-S LD o] 9o trabecular pore size, bone
mineral content(BMC), trabecular numbers. %8S vz}

3-Hydroxy-3-methylglutaryl coenzyme A(HMG CoA) reductase

inhibitorQ! statinA|@e] HET FURE F7MA7 = 28-S o
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t}. Fluvastatin, atorvastatin, simvastatin, pravastatin, lovastatin®.
2 that == statin A|22] oHzE cholesterol®] AJ4d A 2185
FadkE AREEI QAT 2ol HMG CoA reductase inhibitor

Ago] FUEF Z7M7) 28] Gl A0% WsizIrh

on

eI SCtE 39 WA EX| XH(biomarker) 3
HiZ~

CH 2| & 2HH 5= (surrogate endpoint)2| validation

Validation®| 2P

Surrogate endpoint validity — 94 Al 3o] gulE o7 A}
|57] SlEiAE e Ao Aol ARg-slr] 91k A AR
dlo]E] 9] 42 (accuracy) 2 dHAd (precision)S 1@1&6]1 o 3k
o} dlolee] A g ¥ ot ol 2} & validation
= Fesitt, dig] Ay et P A wigs Aolel] veEhvk=

o] Hisgt AEE ou|3l= face validity, YA o] kS
= 7 e BEY] EAR1 deelx e} J3FE (intervention)
of whE W3k 7] A J=E o|nlS criterion validity,

] A} wige} Q1A Ay Alolells WAYSE A 354
glofol th= construct validitye] 2 @3kt

Fit-for-Purpose validation — 17~ Bo5= A% H2of| 215t
AABARE A7 flste] A 9 =de] st 9 3
7}eh= BYo|th(Fig. 5).2% Fig. 59141¢] exploratory method
validations>= W2 A7kl AAEAAE AAs7] S8l A 54
off Agtel FAgke] 7ol A SEjulo] S &gt
Advanced Method validation =5~ oF= 7t spgef|x] A%
Q1 kS AAEE] 5t w1 HPH oA exploratory
method validation®l] B]3lo] AT 70| ZLA8to] Hrlsh=
oo},

Fit-for-purpose validation 2H.5 $J3 74 Q Aol = oY
! AJokof| th3t validationQFgA] @ Aok wAlo| wE &3} 5,
AAZA AL B8 93 target rangeo]| A 2] validation,
Sensitivity, 751 fitting *0* (linear, non-linear method %-), 3

/ g \\
.\ Pre-validation } : Pre-validation phase
AN A
I,f'/léxplorator;:\\\ /Ad\-'anced\\:\l .
|. method JI | method ): Pre-study validation phase

\ahdatmn /'f

"

AN \alldatmn//

\\ ( /In-study mclhod\ -/

\_ validation ;’

: In-study validation phase

Fig. 5 — Research sequence of fit-for-purpose validation.*
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AMadel 54, FAHY e 9 AU g, FAHE
robustness$} reproducibility, A452] Z2H ¥} Ay 9 vbhy,
Aol gk validation, 1 ¥7g 2] EA|sE #Jo] ket
Validation2| THA| - 7]&2] AA A =}] A
validation g =9 U4 A3z AAA 52 1L
exploration, demonstration, chracterization, surrogacy
ARalslo] A 4= ek
e Exploration step : A" 3 7S I8k AAZARZA] in
vitro/pre-clinical A&l RS FX Al AP B
95 ulah 7o) A W AT o8 F L Gty
ool sfigeict & 4= girt,
e Demonstration step : -3+ preclinical 752} £014, &
e AAPdo] we] glont P AlE FE AE
HA] Fob A A AZEA DRFAQ) clinical evidence®
AN decision-making®] O E 0]g4E I glom o
8] A EAZL T adiponectin®] oJof] sfdeitt & 4= Sl
e Characterization step : -3} preclinical 252} 5014,
€] AAPe] A-E]e] Qlar 13] ode] IAIFE 3l AP
o] g AYAEAAEA F2e] XHgH P FaRge] thgh o
A3} oY &3 Ao BF &g 7Fse OAR P AR
H|A} % fasting plasma glucose(FPGP] oo i@k} & 4= )
e Surrogacy step : ol HoJElE B3l Y AR Wi
AABAR} 2= ] A3 Wapele] BAE rgste] 98 4
I g il A gksto] AREEE Sl AAAREAARRA] Aok
87} GAlelA {831 01%9 e Gy e] AAEAA}
< 33} SIEEERIHDA, )] ol siddnt & 5 3
Biomarker % surrogate endpomt e 2 MEo| *Iﬂ k=1
& - 2ol A5 AP FA 9@ A Rds FEACE AL
HE 79 3l Ag 9 3l okl digh gslekd wAx; 9
el W S 99k 5 HE Fg. 69 & SREE

i
M
_1>~
rE
1o

o] BAEAR} 5 gene expression®]

F

Step 1. Step 2. Step 3. Step 4
Surrogate |, | Sumogate | .| gymopate [— Ol A O] data
endpoint endpoint endpoint = e
e validity NES] o
data 815

| | |

Fig. 6 — Research sequence of surrogate endpoint.
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Table IV - Validity, proximity, specificity of diabetes mellitus bio-
marker

Validity Proximity Specificity

Insulin concentration in plasma - +++ +++
Fasting plasma glucose level - +4+++ 4+
HbA, . level ++++ +++ +++
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Table V - Characteristic of osteoporosis biomarker
Marker Method Ease of use Bone specificity Validity
Serum marker of bone formation
Total alkaline phosphatase Colorimetric ++++ - 4+
Skelectal alkaline phosphatase ELISA ++ +++ +
Procollagen-1 extension peptide RIA ++ +++ ++
Osteoclacin RIA, ELISA +++ +++ +
Urine markers of bone resorption
Calcium AA +++ - +++
Hydroxyproline Colorimetric ++ + + 4+
Total pyridinolines HPLC + ++ ++
Free deoxypyridinoline ELISA +++ +++ ++
N-telopeptide ELISA +++ +++ 4+
C-telopeptide ELISA ++ +4+ +4+

RIA : Radioimmunoassay, ELISA : Enzyme-Linked ImmunoSorbent Assay, AA :

Performance Liquid Chromatography
S8l Reystoiol srk(Fig. 6).%

ez Ho| MHN|EX|Xt(biomarker) ¥ CHE|ZZIHZ(surrogate
endpoint) 2| validation
*@iﬂﬁx]x}ﬂ 2] AipAaeeke] A3 (proximity)E 317
S A9 el ARE Qs AAEAA W delaabEs
© 9% dud s, 359 8% ¥5T 5, 33 HR
SERIHDA, )Y 2 Zo] AME = glom ZF A EARE
validity, proximity, specificity 5ol H|F=0] H7}A] THA] %
2w gdo] 7B oJn) glont v A EAAReke] gk
(intervention) JLEA] TRE A EARLL] 4% S|z} Qlet, 7}
835 JdEgdY 55 speciﬁcity“ﬂﬂ]/ﬂ HARA = 75l
+ ValidityZ} ol @3} dlRawls AAEARE 93k
A& o7k Q& & °1D}(Tab1e IV) 51

2CISZ0| MA|EX[X}(biomarker) & CHE[ZEIH~(surrogate
endpoint) 2| validation

=tk kR A9 71l 4% PK/PD model(mech-
anism based PK/PD modely7}A #AA9 @1 X2 A42k= v}
2] 3 Aa} A} Aa/do] F(proximal) A EA| A= of
A dAl] Qlek i A el 7R Addo] & =Y
I (bone mineral density, BMD)E Z7d3h= PH-S QlAlof 2
Ao A437) o]l validity T3t o] 9] the A A
A el FHetar s Agolch(Table V).

4 =
Zleke] Arrt Al oFEe] s o] garolA gld

) Aok Akl ExJAF el 71ekskA Aok 7fdk(model-based
drug development)?] 558 ¥ AQ1 Wrlo) Bafalc}, spA|wk

Atomic Absorption spectroscopy, HPLC : High

AE slekEo] Sy Alebzie] Ftt 74 ¥ 531 5t 7]
o AckEAe] A} EE o] Fom s ) AlPKIEE A
Wle] elelE st oje] Ao HAk Alok o] 2HE o
231 9lom ) ti]3le] Slgk Tk Aok kel A
3 Q= Aok, AAEAAL s ofe) Az W AT, el

ASHL U5 G2 MUY 8 FPIAA U 712 93

%,

J o
ofE Al 54378 ThAd e A fsﬁu}t‘r %—7}6‘@— Qe
oA A EA A e} tig] A3t W] A, vl digh &
T7F ARsANke] X Sk Har gl Aol

2 T A ok FRiHA k2 AAEAALS} iy At

ol oiek AE 2 BeAds FDA 9l Aol Agsiar gl
= critical pathE Esﬂ"i AABIAL 22 8| AAYEE a7
Argsigiek. e AA G Skl AE8AATeR
A e SRl AAEAAE FETEE AT, AR
of ko o] aiyat athe5e] XAl i Al =gl 2
o Abmgct 12]al AA] AYA A AFE] validatione]] H 3]
TAARJD AFE A, ZAFERO 2 A gko 2 o] A28 A 3EA]
2}2) A, 7Y o] ©2o] & Ao Az Wy Frhy
T W T BABARTE ZAE AN o] F5-2] A
AL 7F dig] A3t W] SREARA QPFEIE ouE
marker7} 571 fIaiM= A W Sokesake] A
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4ol B3k A5 (The study for evaluation of PK/PD modeling
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