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ABSTRACT

Objective: First—in—human dose estimation is an essential approach for successful clinical trials for drug development. In this study,
we systematically compared first—=in—human dose and human pharmacokinetic parameter estimation approaches. Methods: First—
in—human dose estimation approaches divided into similar drug comparison approaches, regulatory guidance based approaches,
and pharmacokinetic based approaches, Human clearance, volume of distribution and bioavailability were classified for human
pharmacokinetic parameter estimation approaches, Results: Similar drug comparison approaches is simple and appropriate me—too
drug. Regulatory guidance based approaches is recommended from US Food and Drug Administration (FDA) and European
Medicines Agency (EMA) regarding no—observed—adverse—effect level (NOAEL) or minimum anticipated biological effect level
(MABEL). Pharmacokinetic based approaches are 8 approaches for human clearance estimation, 5 approaches for human volume
of distribution, and 4 approaches for human bioavailability. Conclusion: This study introduced and compared all methods for first—
in—human dose estimation, It would be useful practically to estimate first—in—human dose for drug development,
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Fig. 1. Scheme for comparative study of first-in-human dose estimation approaches.
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Table 1. Physiological based scaling factors (PBSF) for intrinsic clearance estimation.

Parameters Unit Mouse Rat Dog Monkey Human
Liver weight % per body weight 5.49 3.66 3.29 2.48 2.57
Body weight kg 0.02 0.25 10 5 70
Qiver mL/min 2.4 16.9 309 218 1450
mg/g° 47 47 58 32 32
PBSF mg/kgP® 2580.3 1720.2 1908.2 793.6 822.4
106 cells/ g liver 128 128 187.5 99 99
10¢ cells/kg body weight 7027.20 4684.80 6168.75 2455.20 2544.30

Ymicrosomal protein per liver weight
Pmicrosomal protein per body weight

1 1g3 45 mg & 7PF3IaL kY E= Eq. 62 2|
o] 7|7} ZF 1 g 3 120 x 106 7 ¢S 7F43ka Qo) o]
= lAl9] 7ol iEk Aelstael Ang vheo Hge A
o]=Z ‘Physiologically based scaling factor (PBSF)’ &
‘hepatic scaling factor (HSF)’2}aL it} wheF 5550 2 HE
CL;, & A& 749 Table 19 IA1S 2 F8 7] A shd
HRE wejsieiof g}

28t CL,2 well-stirred model, parallel tube model,
dispersion model % 3P4E AEsle] 7F HAE(CL)E W%
stofof FHeH(Eq. 7-9).

(=

1 — Q X CLint
Well-stirred model CL, = Q:+_CL, (Eq-7)
i
Parallel tube model cL,= th[l —e Q"] (Eq. 8)
Dispersion model
— 4a
CLy= Opx Rpx [1=( — (Eq.9)
(1—a)’x [ezDLe ZD"]

2l Aol Q= 7+ F = (hepatic blood flow rate), Rgi=
A8z Azte] oFE-F% Hl&-(blood-to-plasma concentration
ratio), DN -4+ 4=(dispersion number), a= (1 + 4 x (CL,,,/
0,) x Dy)*3& VERATE. Well-stirred modelS 7+0. 2 o] 5w
oFE-2 It Al wEA E2FHE 7Pgsiar lat, vlaA 3t
W gl B g CLS AREsl=d|ol Bol ARgslar itk
HhH < parallel tube modek =0 4 9] o]5of whaba] 7k

of U nelol AFHez Rxshe e Uk ol
gt 7P EL Tt SHolu g 53 Y= dispersion model
ST

o] Qt}. o] Eelle okEe] ¥V} b wEE AlH(hepatic
residence tine)?} ¥ Uciar 7PPElaL, oFEo] R¥E o%F
Aoz Awsta Jrk?® HIZ dispersion model 71|41 <]
oF=o] x| sl 7P & Anstar AR, 4 YR &
o AA 24381717} oledg wo] Aok

3}l oFE E0)Z(drug-specific) scaling factors 1123}

IVIVES] 2J3 o14|2] HA8-8 =3 4= ). o] Whye ok

[e)

3
o] Wh oA 712 FEF oA in vitro2} in vivodl A CL,,

H)&-S w1838lal YrkEq. 10-12).313%87)
CLm/, invivo, human CLm/, in vitro, human % PBSF x glﬂwm (Eq 1 0)

int, invitro, animal
CL, /

CLint, in vivo, animal = L(aj”]ima (Eq 1 1)

f_;i’.g X (1 — M}

RB Qh
CL,p1a1 animal

CLh animal ~ Lo, o _ CLr animal (Eq 12)

RB, animal

okx] Am3} ule} 7+o| physiologically based scaling factor
(PBSF)= in vitro A @A7} wlo]| A2 E12] 7 E Aol wh
o 9jste] B8 5 Aok EF FEEE) (L, 25 CL,
S AENAL, EF O|ZRE CLy,, 4y 08 AR FEZ T
ET0 APEAS AT T AR iE 555 HolH
£ Tk AFol FallEofof gt} o]2RE =g Q1A
CL;,~> well-stirred model, parallel tube model, dispersion
model 5 3PS A5l TF HAE(CL,)E AFFsIooF gt}

Lava 5 (1997)2 CL,,2%¥ CL& 42F&sh= well-stirred
model2 W3} 7d¥ 2 (empirical) scaling factor (SF)E 1L
213 42 ALSATHE. 135 o] factor= 2] o] T
= dloleiu] o] =X QAR CLiw i vitro®F CLint, invive™H 7
BaAE AEE] A8 NAY ARBR R w39 3
T+ 2337 (coefficient) ©]th87)

_ 0,xCl, xSF

CLy = 5 el < sF (Eq. 13)

TESH well-stirred model2 E7e] Tl Ay} v 23St e
o] ofEho] ko & o] F3hs 7MY ste] Eabdhul A v A of
H]&(the fraction of unbound drug in plasma; f, )& 1S

THEq. 14).

_ Qh X Clint Xfu,g
0,+Cl

o

=
2=
T

CL, (Eq. 14)

int>< u,p
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o] ¥t o)} in vitro A|H A9 o] A2F B 7
A HIZS oFE HlgS 1Esk] CLS AEE 911:}(Eq
15,16).37

CLim
) Oy X 74X fop
Microsome CL, = —Humicro (Eq. 15)
+ CLiw
Oyt 7= % fup
Oy Clin Xfup
Hepatocyte CL,=—ruhes (Eq. 16)

Qh+ CLmr Xfop

u,hepa

o] uf mfo]AE ol X9 HIAF FE HIE(T, ico)ot THIE
ol X19] W A7} B HIE(f,, oo )= ZH2H] Hallifax equatione]
ool =& &= QtHEq. 17,18)*)

Microsome
1

fu micro P (Eq' 17)

’ [0.772 x (logD)~ +0.067 x logD—1.126]

1 + Cprotem 10 ¢ ¢
Hepatocyte
1

£ hepa = (Eq. 18)

ohep 1+ kPX VR x 1 7fu,micro)

K X Cprotem fu,micro

A= SFEE0l scalmg factor, 4384 s
o uAg oE vE 52 1HeE 9452 ZF Houston
(1994)7} A A9kt CL,, B Cp& %‘6}5 SkrE 2831
Fejolct. o]eigt -8 T AR 71E ol Wit A
o] WEAYA FaAY IR SAIRC] 7] wiwelth 1
Holl= E351 dAA7ER= Houston(1994)7}F AQ¥et 7]&
TGE 7P Ak 0 2 ARg-stal Qi

ZHl A A} HE 429 75%= rlo] 229 = cyto-
chrome P (CYP) 450 & 20l oJs)] thALR ) Alehe] 750l
CYP3A, CYP2D6, CYP2C9, CYP2C19, CYP1A2, CYP2E1
Fol waEo] Aot Wk in vitro A PAE vlolAZFo
THEZZ} obd CYP 845 o83t A Qlar, Tsh Af=
Ho| 574 CYPol| &3 tirlE Bo] W= 3gh=ol2pd, CYP
£ o]& JAIE o83t CL,,& E%%L S

caling factor, 1]

rlo

Bl in vitro A
thEq. 19,20).3%

Relative abundance approaches
n
CL,, = Z (CL,,; cyp x relative abundance)
i=1
y 40mg microsome
g liver

y 25.7¢g liver weight

kg body weight (Eq. 19)

Relative activity approaches
! CL,
CL;, = Z (CLint, crpX LLHLM)

puy CLiy cvp

y 40mg microsome _ 25.7¢ liver weight

g liver kg body weight
A A t‘& IVIVEZ o] 83} Q14|9] Jad o= uhe w
F 7 AHLE(CLy) AISl tig Aol ek sfuksla A} sf=
ASFRERS] 22 1 AR 29 ole] 2 DA o
E 718 AH(CL, ~ CL| ZAEs}t). spx|ak 7| atslaa) s
= 2R EHo] T w4l A=) 2o g wol vjd gt
W, olA|o] FAase A HAE(CL)S HHEA] aesfoiof

Stk 4 AW IVIVES ol 3ke] CL;& ol Z3Hs ol
o AT TR Watol, CL2 el &3k el et o

7= BA 80 CL= F4shs 9= e 2th(Eq.
21)_34,89)

CL, = GFRx, ,+ SLeeXfusX Qv _p

" CLox st O, (Eq. 21)

Allometric scaled-upOfl 218t Y (Allometric scaled-up approaches)
Rieh WIQMAY] Anke APEES ol8d oHEEY Aw
Z o]u] §J’EO]{J—’_ b, allmetric scaled-upol] &J3F ¥ o 2
QIAe] HAEE =T 4 vt E3] power function®]ZaL
B2 CL = ax (Weight)’= allometric scaled-updl] 28+ ¥
o] 7Kg 7)1E <ol simple allometry 2}l ghr},13:80.90)
EE CLHA VdE 283 5 3o, AlF(weight) thAl A5
W& (body surface area)=. 7}53It}. Allometric scalingS %
3 A7) AkEdfoF ke #kS power functions —]1/‘46]—5
44 a9} belt}. Simple allometry= IF P 28(CL,)°) =

F=olM o A s AS5ES Hellle 2le2 %"ﬁﬁ
AT

H| = simple allometry= "~ ZTA3FAA 1 Ag0] 2 3}
F=oM £ dSES Hol ] , BE StElA F2

288 HolAE B

. oo tq—a} 2o ATREL simple
allometryS HE 3+ ?:L—r— ARk Aok, A7k e
simple allometry®] ¥ 4= F 9714 o]t} 1 FollA 78
Bo] &8sl o= 78- Tl AgeHA] ek EHEC
E8-5 v#sl] HIZAY A4S (unbound CL)E ol&3sl= A
ojct. o] FrollA e AAE 2R 4 Ty v
Y oFERho] o] FoRS THASIAL k. o] uf e ‘3]*—
I} A

CL

= Unbound CL = a x Wezght (Eq. 22)

:\

P

jQ

A8 50 QLS| A8 el5h] AR 2 2% o
o) APEE) vlolE] (HAE, A%, okEe] Wiv w7
$E)E oz A ojedow o2 Wgel WA oFE
o] AASEE ole] Rgsinl, B ofEEo] nAFE o
3e] 1 AolZ Mol3L YOER ol WS- F3A 2§
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Table 2. Rule of exponents for human clearance estimation.

Exponent b value Function

b <0.55 will be underestimated
0.55<b<0.70 CL=oax WP
_ OX(MLP 1% Clyi )
0.71<b<0.99 CL MLP,,
. . b
b>1 CL = o x (Brain Weightuima X Clanimar)
1.53
b>13 will be overestimated
g 2 glek?

2 W8 £+ “Two term power
equation”@} “Rule of exponents’7} th.'>!®) Two term power
equation |2 2ol & 2] F-A| 2} Z <=8 (maximum lifespan
potential; MLP) H|o]E|E & Falal 9101, MLPE Al&8h=
3157185 x Brain Weight™3¢ x Weight 0*%) (=3 %3} ¥
o] FARFE AR EE A= Q75 t|o|B = AT >
o] FAloIt). AT o] FAE A 7Fgd(empirical as-
sumption)s HFE O & Fslofof sfE R Q1A 9] HAs oS
of z AMg3s1A] @31 Utk ®FH Rule of exponents= simple
allometryell ®I3} ¢58o] Frh= 7S Wal lo] QIA|Y
Aag oSl Eo] AME3lar Tl Rule of exponentse
simple allometryollX] AF&3HE 718 3k=9] A43(b) 3k =7)
o Wt WY s Adlste] 283 5 ATHTable 2).

T3 ShA] AW g in vitro Al E S B3 WA HAE(CL,)
UTHd, o|& A= &83le] that 2ol A9

9288 15T 5 9lth(Eq. 23).747)

Simple allometry2] &=

Human CLyy i yio
Animal CLinI, invitro

x Weighthnman

Weight yima (Eq. 23)

CLpuman = CLpuman >

9 2 A83] SsliMe Ha 2F o] AATEES
B A3 Hasd Al dlold, il 1A 5= 2
Km, Vmax H]©]E](microsoma B== hepatocyteZ 5-E] )=
o7 gt} B3 9] A2 T8 oFEAAAEETE IF ARl oF
Eoll Algkate] 2849 4 Ao

T8 FEAAAZIT AR] eFE2 “Liver blood flow
method” & 53l A Y FAES 5T 5= Utk &, o] 2
2 RIEA] o] 2 RE A 4SS 7HA AL A Y A
&5 dS3lorsh, Bl AgE] gk $3F 2folE HEFSIA|
53 1S 7HAtH(Eq. 24)

_ Qh human
CL/mman - CLmonkey X
Qh,monkey

(Eq.24)

Simple allometry2] ¥ 3 | Z “Multiple-exponential Allom-
etry (MAY7} Atk MARS simple allometry®.t} o] 923
58S 7k w02 g 7hs a1 9ITkEq. 25). 22

A

HhHol th g vl /157

Table 3. Scaling from single animal species forhuman clearance
estimation.

Required animal species Function
Rat Clpuman/ kg =0.152x Ch; / kg

Clpuman / kg =0.41 x Clyog / kg

Cliyman / kg = 0.407 X Clrponey / kg

Dog
Monkey

1-1.5b6

.09
12055 % 9% Weight

CLjuman = a X Weighth+

(Eq. 25)

Simple allometryS E33} 67129 Q4] HA8-S o =3}
W B A 2F o] AP EZNE LS A
2 AT 52 873 AT 159 A FE Ho|HEE
QA 2] 482 o SshH= o] JATK Table 3).°0

o oo (r

QIx[e] 2EEH 0= (Human volume of distribution
prediction)

ok St A] EX-8Z (volume of distribution)S 2F&-2]
T, X, AL wi o] B 5 EXo AFS FA|skete] o
Ebd gholoh. A= eFEo] ojw] gt amount)O = FAE S
uf A AIL=8HA| (systemic circulation)ol] E-XE3}H] E=t), o] wj
o] &3 (volumeys W3ttt whehA] Q1419 EFFEE o=
317] fleiAe QIAIY EEEH 0 F RIEA] dS3sto{of it
TS A 7)ES QIA9] AT BEEAS o S3HS
Ho} B8 EFHISH ARE g5 4 o, ol Hot
oA Ae PR &7 dSH AIFTARIS HAAIE 7sst
A sl

HIQPIAE HIolHERY dS5she A #3822 &
2 defof| A o] F-3E-8-H(volume of distribution at steady state;
Vss)S Zath?) Qo] Hag oS WT fAEH VssS
A5 WY T 7P 2 dEx] WS A simple allometry
o]THEq. 26).*Y

VSS hyuman = @ X (Body Weight)? (Eq. 26)
w3 0|2 WHEsle] PgTh) AFLS NAT AL 48T
= ATHEq. 27)

Vsshuman/fUp =a x (Body Weight)b (Eq. 27)

Rk ope} 3% ool AAFTERFE Vss S A=se]
I FHFHS 7HA AL Q1A 9] B2 S o =8 5= ITHEQ. 28).

0.413
average preclinical species

VSS puman = 1.99 X Vss (Eq. 28)

wlok Qldle) BEEAT FARRI LAAG ol
A%, w3 9 PO 27eke ARES 594 Raln
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ARE ARRre 2 QAe) BEEAL ST & 3 £
ARTEZNE =T VssE A Vssehal 7S 5 3l
o}, o] wjoll Aol thk HlolE7} ek oS Rk
3} 4= ITH(Eq. 29,30).
Vsshuman = Vssanimal (Eq~ 29)
Vsshuman /fUp = Vssanimal/fUp (Eq' 30)

o] 99l Jones 52 SIA|Y] BEXEH S =T U= B
e A4S Agksar ek A Akl FEES UM
713 s Bo OS Bl Bo B2 ARES &
shal ek, whebA] oldt g AR e 7 e
o 2 Axkslrle d4XoR wlg- o $EE o]& s}
7] 918l AlebiEAlE A HE 23S 83k Zlo]
agZolct, 7P tixEZQ) T2} o Z  SimulationsPlusAt
o A 7|3t GastroPlus ™7} 9tk

QIx|e| Mx|0|EE 0= (Human bioavailability prediction)
= Mdske oFEe] FoAR7) wlg- o

=] SJ‘._Q_X{O,] cﬂ

pUs Broueey |

= o] AHHA] 2 HAET} B
AL DT 5, FE (= AGFREA)) FAP=TH A
HEe o uf SEe A HAaeY EEEH ot} wet
A sl = oFEo] e (extravascular) FOFZE 712
o F7EE Q1A 9] A0S 53t o& WHdstolok

AR QA9 Pagw
=

FPYSE w0l

9] FARR F A7Foe Sl B9 71H(F =F, %
Fox Fp) o] 7P 2 &dejA glemz QAo AAol8E<
S3le g7 vl =gdolth. AFE FoE= oFE
ko] QI o] AYAo]-8-E-S | =3= o= Caco-2 celle
ol-gsh W, Mg ¥t Fd 4 (parallel artificial mem-
brane permeability assay; PAMPA)S- ©]-8-3F 5l 14 913 g}
IZvE T3] 24 (immobilized artificial membrane chro-
matographic assay)S ©]-8-3F W, Z18]al in vitro H|o]E|9}
AHFEZHE HoJZ in vivo HoJEE EF &85h= WY
o] Aok

Caco-2 cell?} PAMPAE 21970 7] ©Ajol|A] o]n] de]
ARESRE in vitro A|FHOEH o|E Bl ARV T A
4~(The apparent permeability coefficient; Papp% A3t 73
TR} Al A 0] &ES oS3 W o|tHEq. 31,32).°99

Caco-2 cell method

F (%) =195 xLn(P,

pp) +24.4

(Eq. 31)

PAMPA method

F (%)= {1 —exp(6.2111 x 103 x P,

app)} % 100

(Eq. 32)

117G Qe ARviETe] FAHE 888514 (solute
capacity factor; Kja\ )5 AFE3t A5 A] Aol 855
ol 5sh= W ©JtEq. 33).77Y

IOLDgK/AMso% slop
F,=100/{1+ ¢

LogKiy

10

ol2]gh in vitro A EAIE T8 BA0-8-F o5 W
slaL 7)o A2 HolEwke g oS = Stk Aol
ARk, Fll Bofdhs vl IS WhgshA] Xiid= g
< 7HAL o 53] §579] ARl 5 FEAE 7
frohs Atolle Bs adsid. =3 tiAlg Aol 8ES
dNZshan sHe Agle] ol ARFEE o188 FEEH
2 ARE 213 A3to|ghd in vitro H|©|E|9} in vivo H|9]
HE 25 A3 2aa0] A0 $ 5L ST 4 3.

In vivo HloJEk ARS8 A-foll= IAS] BAlol8ES 2
WJE Aoz alabEle Adgk(appropriate) SEE] A7)
1§ES TR ALGIAY o) FozyE W& Aol
$89) Bk AHE3HE Aolth 0 shAwk oFge] Bejate
2 EALS JERE in vitro HJ°]EIL} in silico H|o]E]E in
vivo Hlo|H e} Azl FPA R e & Y &
g B} AAHR] FTAE ke R B} B oF s o
ER 7] S1ste] AE|ehA 7]Rke] ofE-EE) RS Fa A o]
BES 4 =375 3} ) E A 0 Z GastroPlus™, PKSim®,
IDEA™, and Simcyp®e} 2 HEZZ a2lo)x] ALgEh=
advanced compartmental absorption and transit (ACAT) =2
o] At} o]} & WhHE Q1A|Y] Ao 8-E Rt o} Q)
o) FrEE A5E dlZahetloE oS- f-850

rlo
)
%0

g
89 o2 ol 71EkES B3 P, SR
sk Tol=elelold AASHE W, FEEEHES o)g
3 ol QiTk. 3714 WY B A9® 5 A, FES
32 olg3he WHe 2/199AE o Wet ohe} muh
ge o3 Aug ATgosm MBS B IIAY
Al HAZE sl ot Brk &2 AephRe 7}
Sl oA 1 HFE Pl 7lelaic

TSNS ol§F WHOIME 2 FEEESA st
B8 dlZslelo} Atk T FRFHUS etrlEle Ha
83 BE§Ao] ek, EF FoiF2t YURelst ofd @

(3



22 7H A9ole FEEEEE selrHE o]

o] HAES A5 W, 57}XH OWH HEIX8AE Cﬂ];‘
sh= W, 7Ex]9] AA0l8ES A5k Wl tisked 7]
<=3 0}9\9\3} 0]“ Dedrick plotS ©]-8-3F W, C ~-MRT W, A€
814 7|0k oHE-FE] 2 & (physiologically based pharmacokinetic
model; PBPK model)2- ©]-8-3F W, 128]1 SFEFE| RFHEF
28} dl(pharmacokinetic/pharmacodynamics model; PK/
PD model) 5 A A7l w2 EF FEFE T2AUS
o 53t7] g el Bad D5 AR E AlE3ict
20043 v]=F FDA= “Critical Path Opportunities Reports™S
Eate] Ao AEES W] B ARt Hg-o] 2
ko 2 YA 4= 91O, critical path toolS 2= &-8-3ho.
2A E&HS Aephisider Atk WSl 22
critical path toololl= A3FERH 7|ut nlo] QrlA Q] vk,
FEEE-otEEYs way U ABHNE T IAAE
A, FR e =9 5ol gEd. olEg SaH
FDAS) B34 Ul A 710 we 3 dolee] A4
3 5 Bl Z[le) G S04 QkElolA] Aol
of 4= 2ol A A Bl Hie,
53 FRAFLE ol BEH Aebpne 7)E vo]
18 45 #3702 71l A 2o ekl
kel 288 L 9ok el 2 AuEAE 4
x0T epgo s uh Auely A7A450] 4
ol goletes dfar Utk 1 TR 27] AR
F2 Stk WSS oY =S Bl & &HA 3
AQNAE 23] =L WEEo] Ak ot
re hEo® AR JAAY AR xS
2o = 7]ed 7|Ee] =EolA gysle] e WS
Al ZIEFe g2 S Ao AgtAlEo] ZHA|AL
tloEle} A-E2o] B SHkE o5 WS A9

=S e AL v

Az el E Aokl abAge] BAsge] me)
MIAE FAY AeHIel QA FA Mow%
Jgow At sick. olof wel i) 7149
o o A 877k B SN eIk S T
Rl S B T sl 9 S 38 el
LFE dSshe 2oRe R S|S0l AL
ek A9 o) aSlotoltt A HEIE o
& 4 Itk 3, Frol M 7Pg R Aol ol x, ALgE 4
5] A7} R olelel go] Wasich wat o
27168 AT} A9HoR sk At Hews B
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