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O 9] 7loldA(Guidance)V+&= oFE 7HAl7F 7 thAF QJeFE(Investigational drug)9)
FEAI T A2 (Drug-drug interaction, DDI) 7Fs3S H7FsH7] st A+5 AEstal
Brtets H Ew2 7] A%t Aojth2)

O o] 7loldas i o4 29Ed Cytochrome P450 &A&(CYP) 9 5A]
(Transporter)2}2] 4528 7Fs/d< H7Iok= in vitro A3 Wy 1 235 EGE
T35 44 DDI H7FA&E(Clinical DDI studies)& °ol2A A1 4= JSA|
Z;ga Tq

O o] 7toled A9 BEo= in vitro B7F Al&®S A9E of 23S AR, in vitro
=
=

9% 245 pE 7o B4 0 29 7 DDI 4% A He) sl Astn
9

O o] 7oA}t 1 oo AFEH 8o 552 AlA VIIZ 2T 4 o dA
P-glycoprotein(P-gp) & 7|Et =549 FE& H7I5k= in vitro A48 WHS &
o] A Yok g, £EAQ FEA(Inducen) 2419 7 4 2jekE9]

in vitro 7] et B AR ZEO] A g

O In vitro B7F 23 DDI ¥4 B7F9] "asgdo] vk, 20209 1¢¥€ FDAOA
AAAE Sl THSE Ttold A A FEAEANE B7-Cytochrome P450 84 9
54 w7l FEA4S2E(Clinical Drug Interaction Studies .Cytochrome
P450 Enzyme- and Transporter-Mediated Drug Interactions)3< =3t}
o] & 74 FF 7loldaes W o4 9JerEe] DDI 7Fs4d< B7Fstal DDI e8k=
Ho]— HA+ /\]-o S "l % ]74]@0]1 o5 7]vk AL HFAlS AT 1:]»

o2 “—1u 1T =2 0 1

1) This guidance has been prepared by the Office of Clinical Pharmacology, Office of Translational
Sciences in the Center for Drug Evaluation and Research at the Food and Drug Administration.

2) Only small molecule drugs are covered in this guidance. Interactions involving biologics
(therapeutic proteins) are beyond the scope of this guidance.

3) We update guidances periodically. For the most recent version of a guidance, check the FDA
guidance web page at https://www.fda.gov/Regulatorylnformation/Guidances/default.htm.
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249 78 A2 4

O A% 9 %29 DDI /K54S Bste bt thaw 22 fgol Zgar

o} 2479 o Fej slolE 24
9 gAo] st okEo] B3} 77

fol
B b omd

ol

O olggt BH7te FE SHO IFS =F 7HsAel e ™ DDl 714
(Mechanisms)& #9511, 5 Ao 2AY F4(Kinetic) F5E THst7] Y3t in
vitro H7}2 AZHELE In vitro A8 A= Q
dlojelet g A4 F71e] dodat A+ Ao "ast 7|d JEE AFdit

~

O vt 2ddg 7ML in vitro A4¥ AWE EE J4 DDIY FAY 7t
in vivo A|AEIONA ASshed 28T £ =9, WAK&E4) W7l DDI9]
G2 oFE(Perpetrator)@A =S HI7IE o, 712 XY (Basic models) (Einolf
2007, FEinolf, Chen & 2014, Vieira, Kirby & 2014), static mechanistic
models (Einolf 2007, Fahmi , Hurst, et al. 2009; Einolf, Chen, et al. 2014)
F= Y 7w 9F58HPhysiologically-Based Pharmacokinetic, PBPK) &
(Zhao, Zhang, et al. 2011; Zhao, Rowland, et al. 2012; Jones, Chen, et al.
2015; Wagner, Zhao, et al. 2015; FDA draft guidance for industry
Physiologically Based Pharmacokinetic Analyses — Format and Content)<

DDI 94 #7HE +3ske Al7Ie ¥ 24ste b ==°] 2 & At

O o] 7loldat A4 DDIY 7Fs4e A4 99 in viro BIHE WAL o]
A7 Anke A4 A Lutxel my g

g Age A 59 A oS ANoE Wt orld] HY VY AFe
DDIY| 43} Holrt ASetn Wl uet 771802 YulolE B 4 k. %



4. %% oAk WA FEgsas §rt

O B2 FE2 ke 71dE Bl ALK A4 eREe] E43h HAY A ollA
AA"L. kg it 7F A%, A9 9 ek 22 A7), 1 9 oy 7oA ks
shAE FH A 3k Aol dojdth o] 7]E2 ohFst ofkE diAtEA
(Metabolizing enzymes)E YasHY @2 =9 A4 U #gks e

O Z+ dA= F2 b 2ZA|(Endoplasmic reticulum)ol HXg CYP EAHCYP
family of enzymes)& 53l o|FojxH, 2xHPhase II) 7+ tjAtE A2l UGTs(Uridine
diphosphate- glucuronosyl-transferases) & SULTs(Sulfo-transferases)®} &=
W] CYP H4E BANE dofd 4 gtk

O ¥Y4F PK 79 "oy A+ AAE Yal, first-in-human A+ A in vitro
A AHS AJEsto] ofzfelt tAlE Al i tiA) QJekEY] AeAE Ve S
Hrrsttt, kE tjAF Wi = AeRRO TS HUbeH] YA o 22

in vitro F7IE8 3T AS FASI

1. A di oJoFEol dAtaA2] 712 (Substrate)AA] B7Fsh= A+

(1) In vitro B719] 5

O °od CYP BaAEo] /N o AFEE thAt AlZI=A] H617] #8f in vitro EEH
(Phenotype) A3¥S E3) CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19,
CYP2D6 ¥ CYP3AE 7|1EHog grigitt /i o4t oJ2kEo] A H(in vivo)ollAl
471 F8 CYP &40 s FostA A=A 2= AoE HHA|H, o] &9
tiate] 71oje & Y= F7HEQl @4 gt AF7 ZR3h o]Fe F7HH 9l
Baoe oo PAE &4 Qo gofst a4rvF ZaE

o CYP &4 CYP2A6, CYP2J2, CYP4F2, CYP2E1
* 7]e} 1xHPhase I) tHAtE A : aldehyde oxidase(AO), carboxylesterase(CES),

monoamine oxidase(MAO), flavin monooxygenase(FMO), xanthine oxidase(XO),
alcohol/aldehyde dehydrogenase(ADH/ALDH)

* 2XKPhase II) tHAtEA : UDP glucuronosyl transferases(UGTs), sulfotransferases
(SULTSs)



(2) HlolE 9] B3 si4

O In vitro ®@F A7 A PK A+ A3, A+ o] & 847 ok 449
25% oldZ @9shs BF dd mav /Y tiAd oFEe] H4-&(Clearance)ol
FOJsHA 71ojshs AR 7MY ol2dt ARolA= Sid it #HH AT

A #E A A (Index inhibitors) ¥ / = FEAS ARESt 94F DDI H7HA &

oYttt (20209 1€ FDAOIA AMIAIE s HHSE 7loldA ) FEdaa-&
H7}-Cytochrome P450 &4 2 $£5A wi7f FEASZEE(Clinical Drug
Interaction Studies .Cytochrome P450 Enzyme- and Transporter-Mediated

Drug Interactions) F=x).

2. /M AF QoFEo] diatas 9] AAA(Inhibitor)AA] B71ske A

(1) In vitro 8719 4

o2k

O 7N o4t 9oFE9] CYP1A2, CYP2BG6, CYP2C8, CYP2C9, CYP2C19, CYP2D6
4 CYP3A BAEY Wgt IJA 7Msd<S 7Fd4Ge., 7194 A Reversible
inhibition)?1X], 12|11 A7 oJ&Z(.e., AZF 9&€ZF A|: Time-dependent
inhibition(TDI)QIA] 2% BH7}st= AL A}

@ w8 BN A

O 71& ZdojA+=, DDI 5% E(Interacting drug) -85 ofFo] mE At
BEE 7] fstol 54 diAa4ao] EA 7]F(Probe substrate)?] W His
(Intrinsic clearance) 79| Hl&Z A4 o] Hl&2 7194 AL o R;ol=tal
Sttt CYP3AS] B9, Ri, qule 1% 13} Zo] AAlst=s H.

Rl = 1 + (Imax,u/ Klu)
Rl,gut = 1 + (Igut/Ki,u)

Inaxy = T HI(Steady state)o]Adl DDI & &9 Hdf [FHFE ST
(Unbound plasma concentration)o|t}.”

Lu = 9FE 8% (Dose) / 250mLE AXtslH, DDI 4% 9F=2] AW sL(Intestinal
luminal cocentration)°]t}.

Ki. + in vitro A¥oA A" f2d=E 9A A<(The unbound inhibition
constant)°|t.
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WHE F| BEAMZ DAY ), U Y ZY 1% DNCE L9 ZoE B 0
1

%(fraction unbound in the plasma (f,,) = 0.01)2 XS}

— =1 k=]
= 22

(a3 1) Equations to Calculate the R value for Basic Models of Reversible Inhibition
(Vieira, Kirby, et al. 2014)

7|2 TDI 249l 39 139 20] A9 HOZ R2E Ak

RZ = (kobs + kdeg ) / kdeg

017]/\-] kobs = (kinact X 50 X Imax,u) / (KI,u + 50 X Imax,U)

kobs © FF= T2 849 SHHREEY] 1) E&/45&0lth

kieg & &S T2 849 2E7] 13 &3 &= Aot

K. = d 849t Adt =8 &= JAAY ks s=olth
kinact

o
DI f& &9 o fejorE Esr=olth
* RO 19 Kie SYS HA(Ol - 2 5= He)Z BT

ORI A3 ANO| BEANS DT O, 4¥ Y W 1% SR UL Fes B U |2

oFE 22lE 1%(fraction unbound in the plasma (f,,) =0.01)2 A&SHY,

(I8 2) Equations to Calculate the R value for Basic Mode Is of TDI (Yang, Liao, et al.
2008; Grimm, Einolf, et al. 2009; Vieira, Kirby, et al. 2014)

O Ry = 1.02, R, = 1.25 (Vieira, Kirby et al. 2014) T+ Rjgq:. = 11
(Tachibana, Kato, et al. 2009; Vieira, Kirby, et al. 2014) Q1 3%, 7|4 »&
(F=, A4 VILC RS gAY, IPE DDI 9F AFE F=(Sensitive
index substrate)2 A} DDI 7= $£3sto] DDI 7FsAo diste 72 A+
Fi=g

O 7 it QerFe] &4 ofo] WE 1% DDI YF AR =9 5 sZ-AIXt
ZX(AUCR, Area Under the plasma concentration-time Curve Ratio) ®2% <]
dZ H]€©°] mechanistic static model ®+ mechanistic dynamic model(d]:
PBPK ZE)Z 7|¥te= > 1.25 Q1 3% (35, AA VILC.1 &%), I13%= DDI
BT AR FEZ Aot A4 DDI B7HE 33t

& Az <l

ot

fo

O DDIE d&3517] Y3l mechanistic static model Fx=



3. N

(1) In

mechanistic dynamic model& AR&SH= 4% (5, AlA VILC.1 %), L=

e S Slotse] das o s dE Bk i ol AT e
A8 AU (5, FEAD SN BAAR FHhe AL T AR B 2l
= A5 Wb’m e Zo] Eoh.

A} 9JekEo] fALEAS FEAIAA Frlske AF

vitro ¥7t9] 43}

7ReF A} olekZ o] CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19 ¥ CYP3A49]
8T 7FsALS BUIst AR dHAoA= CYP1A2, CYP2B6 ¥ CYP3A49] ojgh

SEW B 489S 2uT 4 Aot

CYP3A4 ¥ CYP2C 847} 2% pregnane X F&A4(PXR)9 EASE & &
7] W&o, CYP3A4 849 =7} JEER| ¢ow CYP2C 849 f& 7FAS
BHrpsk 97t Qi)

A o} QJekEo] CYP3A4E Rista 11 Ad A A7t WRsith= AL AXRR=
B M A4 oFEY CYPZC 2% JMsAE st

a2y A B oJekEelv 11 thARA(Metabolite)oll 23t CYP3A Al 7Hs/d<
HiA S 4= = AA stof], CYP3A 4% DDI 9% 2F=(Sensitive substrate)<
o83t in vivo B7} Ayt 2407 uygdohd st djAb 9JekEo] CYP2C B4
= 7F8< viAE & Atk

O]

) diolEle] 243 A

O "AtEA Fxo] digh Aat= 7429 Fojek=(Donor)ol sl 7fEH o2 Hrigict,
Aol shte] FojekEe] Ayt g HoH A FZ 2Aot= HE, dEol fE
7Fs/dol = ALE Mot & HrE Syt

O 2 7] 7|124< HHS &5 7L o 9oy diitas R 7Feide 871 &
Aot (Fahmi, Kish, et al. 2010; Fahmi and Ripp 2010; Einolf, Chen, et al.
2014; Kenny, Ramsden, et al. 2018). Al 7} ®}¥o] o}gfjo] ApAf|s] A= o]
ULt

@ Hi4=-¥3} ¥H(Fold-change method)
O 7N o QorED A AZE aidPS W CYP 249 mRNA o] Hex



71N AEH BAHE FAH 9 24 HE X (Positive and negative controls)

O =HE dojzl)e] ¢ HiE HSl=AE FH & F Utk dE , P2 o

e AL GrAZ A=t

¢« BL 9EFHOF CYP 549 mRNA ¥ Z7HAZ H$

o ZHE wjgol] ok FoiFol wet A=l HAE W 9kE sXZ(Hepatic
concentration)°|A19] CYP mRNA ¥3d & FEZ FootA] %2 v
2ot} Blasto] 2 vf ol S7KE AR AEEE T U dE s naed
g HH—r(Oﬂ A= 8% (Therapeutic dose) o] Al &4 AHolAxo] HF FHdf

e @4 w=9 30 H)=E HAsto] AL & Qv o d 49 &
SRS 1ES o, A% =4 Ay 1% u¥leg U= AL I Y SorE
£3Z 1%(Fraction unbound in the plasma (f,,) =0.01)Z A3},

it jFH 2 (Vehicle control)ol Hlste] 7R tiAf QJekE Fof A] CYP

249 mRNA 377k 2 Hi vgko|z} stejzte, 44 #E di29 W39 20 %
dolgtH FEAIEA S 7He S HiAlsiAE QHETh A At EF3olA] k2
AL =7 A3 29838 4 9t}

O P4 EZ fa2o] e W3 WELL ANstd e YL g,

o FAH HE URZY % = AT 4= X7 = AES mRNA =7} #i4= - 1) x 100
HZE 279 mRNA 27} Hj&= - 1)

@ A& Y (Correlation method)

O 1% 39 A9 A% Pl AREsto, ojn] d#fdl a4l fEAlo] tigt 4 f=
A4 (Relative induction scores, RIS) T+ lhau / EC50Q 24 EAof g} FE9]
= BIH: F=A9 24 oFo] M2 DDI IF A EFE(Index substrate)?]
AUC H[&)9 Z7|& A5 & Aot 5" 27171 vlg] J9d A x:(d: AUC

HE < 0.8)Et & AL FEL in vivo & 7FsA40] e Aoz 7H5HL

O St "9iX|(Batch)9] 7“1]3—E(Hepatocyte)°ﬂ g5 gt HYF B A (Calibration)S $3§shd
Ha, of Ageict & 8= gtk f2= B9 in vitro fE ZEIURZ QIS
Emax = ECsox —;‘Fég & o) AE =9 8= (Solubility) = AlE
=X(Cytotoxicity)] 8 Aste). BT AZEH A A WAS A5 5
ULt



Correlation Method 1:
AAL @ Relative induction score(RIS) using (Bmax X Imaxw) / (BCso + Imaxu )

Correlation Method 2:
AAE Tnaxu / ECso values

Enax = in vitro A9olA ofzo] ¥ & Qe Hdl &= adelh
ECso € in vitro AgolA 24" o &3}e] gHlo] Yeu+= skoltt.
Inaxu £ B AHoIA DDI § &9 Hdf {20k % skoldh’

* HH Z4

CHHE el SHO EEds o449 O, e £8 20 1% 0|Hez s 4= gy U R
or2 222 1%(fraction unbound in the plasma (f,p) =0.01)2 AN},

(323 3) Two Correlation Methods to Assess the Potential of an Investigational Drug to
Induce Metabolizing Enzymes(Fahmi and Ripp, 2010)

® 7] kinetic 2 (Basic kinetic model)

Q.

| MpEe ALgsteE 19 4o AWE et Zol, R @RS ANStL, 4ol fi
oF2 % ugE okEERY 24 vlg Fod Jexet uudt. og S,
0.8 ol3tel A9 AT g loREol AA WelH S FhsAel Urk e

RS =1 / []- +d x ((Emax x 10 x Imaxu) / (ECSO + 10 x Imaxu))]

R; & FLAE FoolA] &2 Ayl Fofst oA tiAtaso] ofst &4 7129 Y
o1 AL (intrinsic clearance) 7+e] oA} H|Lo|th

d = 2AIY" Aol 12 7PE%. ARRE A|AH0] gt AP o] ERfst= HH
o2 ZHS AFEE 4 9lth(Vermet, Raoust, et al. 2016).

£ in vitro AolA FEo] & & e Hd = Aol
Inmaxu = T4 AEIIA DDI eFEe] Ao FEdE 84 szoth’
o

in vitro A¥o|4 4= | wte] Webo] Yehte Broltt

1

SHo| EEUNZ DT I, 4Y 5F AW 1% 002 UL

1%(fraction unbound in the plasma (f.,) =0.01)2 AN},

=20

(O3 4) An Equation to Calculate the R value for Basic Models of Induction (Kenny,
Ramsden, et al. 2018)




O oleidt WHES B3 A thy oloREe] thAEAS SET JFsAe] USS el
A9S14 A 57 ASK RE AW A AYANN AUE Hox
3t AFE), 71d BEe AGIAL (£, A4 VILC.1 ¥F), T4 DDI 9F AE
k22 ALl DDI U4 AT Sqstel L oA kR EA ST AL
27k AT

O M 4 YJFE £ off 7o) 17 DDI J9F A#E &9 o4 AUCRO]
mechanistic static model =+ mechanistic dynamic model(d: PBPK =&,
B2 AA VIL.C.1 IR)E 7|F2=Z 0.8 o|s}Q] AL, 1= DDI 9% A& k=

AH&-sto] Q14F DDI B7HE $=35to] DDI 7]*-*3% F7IE ARt

O 24 F& 2 A%k DDIE 9dI&5t7] ¥l mechanistic static model T+ mechanistic
dynamic model& AMH&st= AF (F5, A4 VILC.1 ;‘47\) zdo= gk oAt
OloFEe] AR A F& 7HeAdd= B76H] f8l A& 71AT 2ok AS At
(&, F=A)] A9 dAAR 8= L i 9eF %o A% Edo= A
A& ZFA7|A] @b Zo] Eoh.

(3) #7149 BANY

O 714 Ed(mechanistic models)S AF&olo] AAHE AUCR HexX
> 0.8 @ A9 AL ¢ 1.25 & u, /L tiA} 9JekZo] HAlaLs
o2 X G2 HojF= 7|Egholet & 4= Qi

Towr =2

10 &y
é‘ .
M=
=2
of
0
b

O 7 a4l 2JefEe] o8 CYP a4E Ak Al oF-E B7IE uf, 74 429 1%
DDI 9% AE FES AREsto] 4dst CYP &40 tiste] in vivoolAle] DDI
B7F A &2 AT £ Atk (20208 1€ ARAS Y3 LHS JloldA P
FEASAE H7F-Cytochrome P450 &4 9 £5A0] 93t FEAS2ARE HX).
B7HA 94 £919] A+ R1, R2 = d5H AUCR g 7[Hto2 ofy, HES
B4g AolA 3t in vitro IA el E (Parameters)E ARSI D

=, R T+ AUCR #ol 7 2 CYPY 4= DDI 9% AHE F=Z in vivo f§7l~§=
HA #PT 4= Qloh In vivo B7HOIA dEAHEo] Qs B9, © B2 @ ©

22 R = AUCR D)= 714 ©+& CYPY in vivo B7F= 285k gt 1311/]-
o] in vivo B7lIA ZHE diA} oFET CYP 849 ¥4 DDI 9% AE FE
Atolo] HeAg-Z Hole AF, 1 thEl=E & R E= AUCR #=% 7H2l CYPRH
A& slo] Th2 CYP R4S gt A3 F71¥o= gttt 1 tjilo, F7}
A19 HRAE o7l YA mechanistic dynamic model& AFEE = Ut

4) A7 5o € A2 7 54 o F tiAkas(d @ CYP3AE Al
CYP & 7F& 2 #t°] ofdH2te Rygu/t 11 odold CYP3A A

ot wEkA CYP3A] Higk R10]
H’O(_ in vivo DDIE 1123t}

m[ﬂl moi

_‘IO_



ASHE in vivo H7MA 8= DDI IF AE F=Z AMEsto] IEH 2as
FES| 45 4+ QEEF dynamic model®] 292l 9 AGo|E St i thAf

OJorEe] HiAAl & Al &adE detie AR Sle A9, oE in vivo 7SS
Fsfor sk=AlE 24T W 1 HARAIZE A &3t "ojA] ok Ak 7okt
A REE =915 LEstes At

Ao tArE A AAACIRE FEARl AR FEHE= MY ti YR &5 2yt
(Net effec)s  A5stel=  Aol= mechanistic static model %=
mechanistic dynamic model (3%, A4 VIL.C.1 #¥X)& o|&sto] 94 ¢
BNE A9 dScte WURkE aHT & St I8y SA S Hid =

A=, A 523t dxstA dEE A Fe aE "AYTE = 7] "2
AA a3t tigt Y24 o=z ojoj& £ Qt}t (Einolf, Chen, et al. 2014).
g2 § = B3V #EsH qSEHE, A 23E AT S o

In vitro & A= a4 Ud9 sFkx4d(Down-regulation) 4=
Utk Iy o] #opof tigt A= @A Ul AgHE o, o qijo
=R = &F Sgxd

¥
it 71
gol in vitro AYOAM BHEHIL AE =4

% gl

=
71R06H4] Qb= A%, FF ojug AR A AaE ZskA 2A olsfistr] {ish
Z7} in vitro ¥ in vivo B7FF 2% 4 Qltd (Hariparsad, Ramsden, et

al. 2017).
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V. 534 WA FERERE] 97t

O M=o #3A4= 289 & X ¥ 23S AofToEZn ofet 47 9 2Z oA
9kE9] k&S Pharmacokinetics) ¥ 2F28Pharmacodynamics) SHOIA FAdHo=
ougt IS & 4 Yut (Giacomini, Huang, et al. 2010; Giacomini
Huang 2013). 713 2704 F2 s Es FE tiaaet 9, ¢854 A4l
BRI 2AA =, Wl QR &0l AA] vt ol Hshk=
AL AT,

-v
op
EY
ik
rdh
H
rlr
/]
ks
fjo
N
i)
ol
2
=
ro
ox
£ 10
{u
s
2
o,
[HURIN
m
ot
H
rlr
[-'O
ox,
il
w2,
1o

O YoM AReEE el d2ddste 54 tha £t (Giacomini, Huang,
et al. 2010; Giacomini and Huang 2013).
* P-glycoprotein (P-gp) or Multi-drug Resistance 1 (MDR1) protein)
* Breast cancer resistance protein (BCRP)
* Organic anion transporting polypeptide 1B1/1B3 (OATP1B1/OATP1B3)
* Organic anion transporter 1/3 (OAT1/0AT3)
* Multidrug and toxin extrusion(MATE) proteins (MATE1/MATE2-K)

* Organic cation transporter 2 (OCT2)

O oF&o] o|=gt =8 $EA9] 71ERIA]
Age & 9ty & Eo] k=0l
A B JtolA 7RIt oFE9] =4 F7F = 8% WHIE olsig 4 ot o]
Ao = Feideztgo] #ofdtts Ad4 A7 e F5A=0 23S 3=
(Giacomini, Huang & 2010; Brouwer, Keppler & 2013; Giacomini %
Huang 2013; Tweedie, Polli, et al. 2013; Zamek-Gliszczynski, Lee, et al.
2013). otefol A9sta U= HE 71 Ee 549 AAAR ZEot= N A
OJekE 9] 4548 BrIeit

O 7 549 in viro B7h A71E AL g4 oJekEe] Am HeHo] wet Fed
% 9. olE Sol, B Aol ARl A8 Aol &S Aed wAE
qatos @& 94 A2 Agsr] Hol A% g JokETt OATPIBI / 1B39}]
452G TR0l sl AT In vitro ABOIH ST 45Ae A g ojorE
Apolo] A5 aLg FMsAo] e AoR UEhiw, AAAY TAlAe] ArEe 28
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Mo $AHE2 E3AYIE Aol A4 B4 We(intended patient population)&
2 qEste Aol

ol

v

1. 7/ oA ookEo] 444 P-gp ¥ BCRPY 7|A9A HrlsH:= AF

O P-gp% BCRPE: S, 71 A, ¥ 5 cieiet 2oy Wi, webd], = 5
RE AT A olgE, FEO A BI 24 71E FEQ 717 A4

a4 T2 € 70l A

T

(1) In vitro 8719 43

O 7N 4 Q9Eo] P-gp ¥ BCRPY 7|&QIA| &S Bristy] s £=, AA
VILBO| A9H A3 AAHEZ ARESIY in vitrooAl H7KStt. P-gp @ BCRP+=
gukd o2 E3A(Permeability), |31%(Solubility)7} =& QFE-9] AL AH| 0|89
FFE vAA] S A= didHrt. P-gp E= BCRPY 7]"‘01”4/\1 Fig, &=t

2 29 in vitro 7= RAQ: A% 9 )02 BEE= oFEo] tigh ebdA

A gle o EFEA g=t A i gokFo] Fiagd} &t =2 o

EREEA gRlstEH 20179 FDACIA AAAIE o HHESE 7lo|dA ‘Waiver of

In Vivo Bioavailability and Bioequivalence Studies for Immediate-Release

]

Solid Oral Dosage Forms Based on a Biopharmaceutics Classification
System’= FR3JIH(A: QJekE EF AlAH calss 1 9FE).

@ Holge] 24zt 34

O o3 Z2 in vitro B7F 237t AAEE, /AT o4 QJekEo] P-gp 71EUS
AJAFSHCE,

* P-gpE UdsI= ] oA 7igF oAt QJoFEof tidf net flux ratio (Ex= efflux
ratio (ER))= 2 A A(9: Caco-2 AIE EE P-gpE WIdsH= FAFY Alx
(Transfected cells)).5)

* Ki I+ IC59 10 8 o]i2] sxLolA, Holx st} o9 A& P-gp JAIA
o8l Flux7t JAIE= Fell: JAA7E Fo A9 ERo] JAA7F ¢l we] ERO
( 50%2 TAASHAY fluxZF 12 Z4A%).

O 04?4711«1 = %

SA|(Efflux transporters)® WdSH= Caco-2 A|EZE ARESH=
F29 B0l H7Ie] HAsl skt o9l P-gp AAAE ARESoF

Rl

[¢)

5) ER2 the basal to apical (B-A) transport rate @ the apical to basal (A-B) transport rate®] H|&Z
AL 4= Atk net flux ratios IASUE FFAE LAt AxL} SFAE YA e AlE Afo]9
ERY H[&E A4 4= Qlot.

_13_



AlZeF AlLES o] 8-t AR AFtolA offt Wxﬂ IR AR AgAel
HoH, net flux ratio ALZ S 27 opd o E FXE HAs
ol dig 54 At vge A8 & gtk

I S

_H
Y
i
o
ox,
AN oX

O In vitro B7loA 220 P-gp 71&Q ALE YUYW, F=9 IHAY &5 oA
(Safety margin), X=A4(Therapeutic index) ¥ TtHA A4 HEFA
(Concomitant medications)2 7Fs/g°] & P-gp JAA 5= <= in vivo B7FE
FPAA] 1T} (20209 1¥€ FDAONA ARIAE o) RS 7tolda A4
FEAIGAHE H7F-Cytochrome P450 84 9 54 w7 FEAISZE HX).

O E3F 7]&e] ¢34 BCRP AAAE AR&ste] ekgo] BCRP 711X ojHE A5
s 919 A= ARES & Utk In vitro B7RlA el BCRPY 7148l o &
U, o9 oA 85 T, AEAS 9t REolA HERE ThsAdol
=39 FAol BCRP JAIA oF= 5ol <A in vivo B7F $¥TA L=t
(20204 1¥ FDACIA AMIAIE sl et Ziolda " FEdezE W7t
-Cytochrome P450 &4 9 54| wj7f FE2AAS2E ZX).

2. % B olekEol 2+ 447 OATPIBI @ OATPIB3Y| 7|WelA Brish
A7

O OATPIB1 9 OATPIB3L 7HM|Z9 §=5AMEZ9(Sinusoidal membrane)ol A 2d
F8 T FFARA, FRt kB0 710 R E5FH= Ho 483 9T 3t
(1) In vitro B7}9] 43

O In vitro A% &2 AF/SENAY &5, &2, AL HIA(ADME : Absorption,
Distribution, Metabolism, Excretion) Eﬂo]Eioﬂ o= i oAl oJeFE9] 7t

T B Aol Fogt Aog Yehd AY- (5, AA = AAA TF A =
95 BHE 5% Ok“«l HALo] AA H42L9 25% o]A) EL oF=o] 7Fo 2]
71 ddEe St (ol A #HgE B= ks adkE d3shr] ),

()
7R oAk 919!:%01 7J 2223 OATP1B1 2 OATP1B39 7]&Q1A| in vitrooAl
Hrtel7|1E Edith (5, A4 VILB #IX).

O _]_quﬂo]: fel3 E]’—E— Qo g = Okg_,] /J]E]o]—?(—] _E‘-_'./Rj ] oh;].. dﬂE’—. = OkgO] /\%;g‘
Aza Bapgdo] B2, tE Ao g oA w2 sr= EE= A, YA
]l A7t sfigd=l=dl, o= 2kE0]| 71e& 553 oE F4EE=T

_14_



(2) Hlol= 9 B3 si4

O In vitro B7} 237} oh23t 2o i it 9JokE3 OATPIB1 &2 OATP1B3 <

7142 75T 5 QU

e« OATP1B1- T OATP1B3- & F9l= AlZ(Transfected cell)oA] =29 A7}
empty vector & FUH Axof vlg] 28 o4 F--.

o AHA AAAZHA: HEBH) K B 1C52 A 108 504 k& 7 SFE
50% oJst2 TAaAZ F A= FF-

o AbHof o]Q} T2 A|EL HiF AIAHIOAS] AF HYHo] QU= AF, A HexzZ
H & AR-S AYs & 4 o

O In vitro 71014 2F=0] OATP1B1 F+= OATPIB3 7139l Ao yelhjd, k=]
MAY &F A, AEAS 9 i AN HEFE 7Hs/dol & OATPIBIY
OATP1B3 IAIA 5& <A in vivo H7HE FHTA 1=ttt (2019¢ FDAOJA
AFRAAE Yol YH;SE 7told A PA; FEASAE F7H-Cytochrome P450 EA

W 557 W7 FEYTAE AR

3. 7 P olokEe] A% 444 OAT, OCT @ MATE®] 712aA] Brhshe
A7

O OATI1, OAT3 ¥ OCT2= AR 29 Alxte] 71A4&A|E2HBasolateral membrane)©]|
geE= AR AT MATE1Y MATE2-K= A3 &7P3AREIZHBrush
border membrane)ollA WAE} o] FHEASS AT At QekEo A 5

wH] o Hojgi,

(1) In vitro 3719 43

O 7H A} QJekE9] ADME dHo|gof|A A&l 55 HH|(Active renal secretion)”}
ZF85ittal Hol= XS, AR g3t B FE(Parent drug)?] & =H|I7F A4l
BaE9 25% oldRl BR), NE i 9ofEo] OAT1/3, OCT2, MATEl %

MATE2-K9] 714QIA in vitroolA B7loke AL AT (35, 44 VILB #=x).

%5 B2 AMSKE BAe 1Y 52 Frad

_15_



Active renal secretion = CL, — (f., X GFR)

Cl. & Aol ofet Hagolnt.
fup © % W RFEFE vEoIt

GFR < AMHHA o3&l

(e e

* 0| WEHAS MEATL YOIT JIEY O RESIL O © 55 MES ¥ +5 MET Y= AS 45
2HIE 90). GFROI SHEX ¥OU MY MY 52 K AN FS GFRS 125

mL/min @2 AXNSICt

(23 5) An Equation to Calculate Active Secretion’

(2) HlolE 9] B3 si4

O A% g oJeREol in viro BClA thew 2L AWt ted 4% 2EA
14z 2 % gtk

. SEAIE TARE

TS qlzZofl A 7 o QefEe] AF Hleo] dixd AE@Es

= Al)of wlsto] 28 o] 4Rl -

Al
empty vectors XM=
o LA £E5A AAAITE K B 1C509] 108 o]39] sZofA Hd i Qo]
HHIE 50% olstE Y2ATIE B

Aol olsh Zre MmfF ALHANS AT FFol Y AL, A Rem v
S 4P T 5 Ak

O In vitro 7oA AT i 2efEo] f9 A 54 F 3t oY 71EdS
UEtl= 45, =9 44 & A, A=A 9 a4 @Rl B¥E&FoE
7Fs/dol & AR 849 AAA 52 2= in vivo B7FE FIEA A
(2020 1€ FDACIA AMAAIE f8) RS 7lolda A4 Fedesd Wt

| o FEATAE BR).

[e) j=

-Cytochrome P450 &4 4 $&%

)

4. 7 A JoFEo] $4A19 AAAUA B AT

(1) In vitro B7}9] 43

O 7l thAF 9oFEZo] P-gp, BCRP, OATP1B1, OATP1B3, OCT2, MATEs(MATEL,
MATE2-K), OAT1 ¥ OAT3 9 YAAIJA] H7}st7] sl in vitro B7He 9
Sttt (in vitro AlAHES]| met d o & ARIES 5, AH VILB D).
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) diolEle] 243 A

® P-gp ¥ BCRP :

O Caco-2 AIZY P-gp E+= BCRP IEE A ZoA 7iE o4 9ekEo| P-gp T+
BCRP 7]2lof sl 7|0 L&A efflux ratio?} net flux ratios A|SH=A], A|=Z9}
AZ7} AHEE 7149 HHE A=A, 83l &9l P-gp = BCRPE

AdAlstE 28 (5, ICso Ee K2 ¥ole A7 35k Ae ddth

O /I A QokES A+ 5o L& W, Ly / [Cso B Ki 210 (714 Iy =
AAA &5F / 250 mL)°|H in vivoollA P-gp T+ BCRPE AT 7Fs/do] Ut

O oF=9] dAHAIZE JAACIAY 71 tA QJofEo] HIA+ FAEE Fose FF L
/ 1Cs0 = Ki = 0.1 ) % P-gp T+ BCRPY in vivo A7} HAAE 5= U}
o714 L2 HARAIY JAA FE2 CuaOll SRt ozt Aex e ARt
glolg] MEE 7|WrCe® 3t} (Zhang, Zhang, et al. 2008; Tachibana, Kato,
et al. 2009; Agarwal, Arya, et al. 2013; Ellens, Deng, et al. 2013). &&%
AAA R BAAANE ARESte] W in vitro AR B, A AT U=

OE ALX e At + A

O In vitro F7lo|A 9kEo] P-gp E+= BCRP JAAIYS HEll= 3L, P-gp E=
BCRP 7|d=2 <A 3lor & 7Fs/do] w2 kS 7Ivto = Bl 2ka oA
in vivo YA B71E $£3FTA] 1St (202049 1€ FDAOA AFAAIE Qs wHEsH
7oA A A =2 AE B7-Cytochrome P450 B4 9 &4 il F=A4=
28 ZR).

@ OATP1B1 ¥ OATP1B3

O OATP1B1 T+ OATPIB3E IPIEsH= AEoA, 7iet tii} QJofEo] 7|Zo] L&A
OATP1B1 F+& OATPIB3 9 714 HFHE Ak 88 (£, ICs Ex= KPS §9)7]

gt AFE FYsTt. 2 7HA] OATP1B1/3 JAAS] thsA AlZF 9)&% A7}
A== vF At (Amundsen, Christensen, et al. 2010; Gertz, Cartwright, et
al. 2013; Izumi, Nozaki, et al. 2015; Pahwa, Alam, et al. 2017). 7% th4
oofEo Hig ICs w2 ZAA-Y W AU S dFE aYg A
(Pre-incubation) @AE F716t= AL 18T 5= Utk AL o JFEE R #tol
> 1.1 1 3% (el I8 6 #1) in vivoollAl OATP1B1/3 & AT 7HsAol
UL
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R=1+ ((fu,p X Iin,max)/ICSO) =1.1

fup © BF W %= Hl&clt
ICso = il A &xe] drto] Yete ofeskol.
linma © 22 FUFONA 24E 7 W AAIA skoltt. ol tadt Zo] At

& Sle.

Iin,max = Imax +(Fa X Fg xka X Dose)/Qh/RB

an
(o fe e e
lOll

=
T .
g9 o % oFEsk HlEolth

1o
N

AL F.= 1, Fg = 1 12|17 k, = 0.1/min S A9 AT T2{st =H

N 4o
|0
HU
f=]
00
g'y
4>
$0
o

1=
~ A
N
(_)'y
I
bl
10
e
foi
s
7
o
k=l
A
ok
>
ol
ikl
|0
HU
L
]
ro
3
I
o
pill
N
40
ol
>
10
J0
o
o
i
i
b
ro

(33 6) Equation to Calculate the R Value of the Investigational Drug to Determine the
Pote ntial to Inhibit OATP1B1/3"

O 198 oo AddE zHexm P2 Aoz F/E dHelHE 7|Rtez 3
(Yoshida, Maeda, et al. 2012; Tweedie, Polli, et al. 2013; Vaidyanathan,
Yoshida, et al. 2016). °o]&gt &=&A A|AH”HA 7|20 dHZA JA|A L v
AAAE ArEste] WH in vitro AIAERE HASH 43 2A7 Sl 54 A
2 AT 5= Ut

O In vitro B7lolA 7B ti4; 9FEo] OATP1B1 Ei& OATPIB3 9 JAAYUS
U= 4% B &2 JdolA AREE 7hsAdel e W& 29FE°] OATPIBI
= OATP1B39] <87l 71€AA] offo] wet in vivo B7HE $3TA| L=ttt
(20209 1¢¥ FDACIA AtdAE 9ol LHSE ZloldA A} FEHSAE H7t
-Cytochrome P450 &4 9 %A w7} FEASTZEE HX).

® OAT, OCT ¥ MATE

O A& $=&A(d: OAT1, OAT3, OCT2, MATE1 ¥ MATE2)E 3Idst= Alx
ReE A} QJekEo] oju] &l o] A L£EA 7|Z HAHE AAlot= &Y (£,
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ICso = K= 99]7] 93 A+E et /A o4 99kEo] in vivoolA

Imaxu / ICso Ol = 0.1 1 A0 A% F=FAE AL 7Fsrdol Aot olHFh

Aen 2 AFHor AAH ©olHE 7|fteg 3Fth (Dong, Yang, et al

2016a; Dong, Yang, et al. 2016b). o83t $5A4] A|A”HOA 7|£0] & o

AA E HIAAS ARESE] 183t in vitro A|AEE BASET AASE A7 =
= A IS AKE & Sl

O AYote]d(Creatinine) %3 OCT2, MATE % OAT29 7]&oltt (Lepist,
Zhang, et al. 2014). 94 AFolA TEEHE= 3 AFotede] 452 iE o
oJoFEo] o3k OCT2, MATE ¥ OAT29] oA @& 4= At (Chu, Bleasby, et
al. 2016; Mathialagan, Rodrigues, et al. 2017; Arya, Yang, et al. 2014). 7§43t
W olorEoR 1% @ Adoled 37 714L SelstE daelAY) A e
5o 2744 247} Basi

O In vitro F7MIA 7L A 2JekEo] A #%iﬂgl AAALE Uetlle B BA
A JolA AR 7ol e & oFEel AR eEAY A 71X‘°1X1
olxo] wa} in vivo B7FE $HTA 13t (20209 1€ FDAOA AIAE 915
WHHSE 7lo|dA YA FEASEE H7F-Cytochrome P450 &4 W =354 oj7f
OFEA}G AR %} )

]

M g ooFEol =549 FEAYA B7lsk= A+

O P-gpdt 22 54 541 CYP a4et fARE AUZS 53 frdthel: 54
3 8A9] @/dsh. ol FAMI wiEel, CYP3A §%& A& P-gp f= ATl
AEE AT 4 Aok (202049 1€ FDACIA ARIAE #A3) EHSE 7told s Ay
FE/J5AE B7F-Cytochrome P450 B4 € 54 w7/ =428 Ix).

o

O @A P-gp % 715 #6419 RE=E B7Iel7] 93 in vitro el F o]
A FOBR, £EA FEARAL] T A fFE] ?iet in vitro B7H] A
W Aol AFEA Rk,

6) Considering uncertainties in the protein binding measurements, the unbound fraction should be
set to 1% if experimentally determined to be less than 1%.
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V. A FEREAS A dE Bt

O 7H TH4} OJoFE ThARIY SHHA FAY WEIMsAHol B okE, A= H8ES
TS Y 7JuE WS ARSStol, JpE ciab olekEo] YA DDIR Q4w
Sa40] Qe Fx B

O %o% B wE EE ORIt BHS 744 AL 71ERA FE 549 DDI
99 oFERA DDI 754l tiE W Bey 4 otk (k) 44 22). In

(°
vitro 7t ERbECoz 4 Ee FAE BEE dAAE AR

O WAKY DDI 7Fs/d= A&sHA B71et o vk F9eiet 4= s 4% oA HiS
Ar8S 4~ Qt}t (Callegari, Kalgutkar, et al. 2013; Yu and Tweedie 2013;
Yu, Balani, et al. 2015). 7]2ZQl A4t Zdo|A tjAAI7} in vivo DDIY F8
AAAE AASIL O™, mechanistic static model ¥+ mechanistic
dynamic model(@]: PBPK)S &9 DDI B0 ARRSIcHH, o]zt dF RdEo]
HYAAE 23

O 37/0% Hlolgof w2, X Phase Il WA= RFEET o 79t 7|2 (EeE
Hoh 340l ¥ =)o ]7‘]]'} oeFet =EA1e AAAE FHol RoEHY DDI U4
7FsAo]l § & 4 At} (Zamek-Gliszczynski et al, 2014). @W&hA, 8 =
F&A49] 714 E+= DDI & F==A4 tARAIZE DDI 7FsAdol SI=A1E AHE=
7Rttt A7 DDI 7Fs/dol & ALl=®E Hols AY, HolA AFGTH=E
o= DDI A9 &g ¥t A= 283t

1. 714249 HAA

(1) In vitro H7}9] 43

O WA k& $F9 W37t in vivo |84 Fe A =
Uetts 45 dAY 34 &2 &4 B HokE 58 dAEeR {oud
DDIS] 9ol disf Aot dARAZE AA oF=] 2449 = 50% ol gk
35 A7 71d= 2Hgste] DDI 9ol A=A Bty fadol o
A 71 =E F71E o, RekE diH] dAR in vitrool A9 A8 19

2 in vivoolA 9] HIAY oFEo A4l kE(E T2 XFE) EFE F_E%?_E‘r.

O ZFEF tjARA|e] 4T Ag o] w2 49, A+ 7 WHol(Inter-study variability)S
Z0o]7] 9o FLe AFolA dHA%E SHo= Ao] H
in vivo B0 tigt tAA|Y 7|d=E F7IE o HokE | "41/\}54]94 B2 24
2ot #d dolgE 1elsior & 4 Ut



(2) Hlol= 9 B3 si4

O HoFEy}H 501'{)‘1’ 7‘*%*9] in vitro 37 7|¥tog2 Al AHE9] in vivo DDI H71E
st (A TILA ZX).

2. AAA=A Q] HAHA

(1) In vitro 8719 43

O In vitro B7l°A HOFEo] 8 CYP 34 ¥ FFAE AAlsts A= YUey
in vivo DDI 7} dfloF $tt}d, in vivo B7HA] ZoFE 34 djARAo] disH
AAES H7iotd =7 "o Bh Ee 54 JAA=A AR HigE in
vitro B7FE HEE AIPY A+ gtk o, A+ 7IZE ol dAAIZE 75 54
H&d A7 s ASA™ in vivo DDI B7MA dAFFHoz ou] = diAA|
2o ol & gt ool

O Y in vitro B7IoA HOFEWOR Q8 CYP B4 Ee $EAE
Aoz yetd, diAbAlel 9%t in vivo DDIZF oA3| 75 Sk Q. old
oA E, HoREol tigt tiAAY A4l E5E &9 2 S48 54 Ee dsH
LogP, 94 145 A A=ZutE 1 (Reverse phase-high performance liquid
chromatography) AEPIEIIHS] &% ¢A)E 11Este] CYP B4 gk A9
in vitro JAEE FrIeth o 22 A%l in vitro CYP &4 A A+E

oﬂ o]—]‘jl—
* EH/\]'Xﬂ7]' 2o kﬁ_—?—q :L/\‘]o] E] 1J-OU:1 AUCmetabohte = 25% Of AUCparent ?_]_ "(I)‘
=

° q]/\]‘xﬂ ]’ EO %E—E]_ —EILJ\C-])O] E1 l.x‘%j—'-, AUCmetabolite = AUCparent ?_I ‘Cl)"

AAQER 7114 AJA 7hsAdol FRFCZ Q= HARAY AU AR -EeFE ]
AUC H]&°] Ui § @2 Ao L 1HT 4 9ot (Orr, Ripp, et al. 2012;
Yu and Tweedie 2013; Yu, Balani, et al. 2015).

@ wolE e 2% A

O WAHA9] in vitro DDI ¥7} A3 v oR, Hofait 39 e AREoH
A in vivo DDI B7Fe I3t &) Ry F8EA Ee
II.B Z=).
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VIZ. SJokE AHSATHA AIAR

(¢}

o

[¢]
T

g4

@)
10
1

i

=
rr

o&]lo

_

9]

= sk avtEow ARgste | gl 28

= =2
P54y Holes IAR I, OFF 4EAE Pu AR EFSoF Tk,
QYHOR FAIE BRI Y I g AP, FBW sl ARFE

(Prescription drugs), @%re]2F&(Over-the-counter drugs), EMHEFoFE, 4jo] H
ZAl(Dietary supplements), 4% E+ F4 7H] PK A58 # qt ofyel At
4 2 HAZ20] EAO] #3t in vitro F7F FE(HAIELS 9 549 oA, Fk&,
448 EADE QkE Ao 2. ERE in vitro B7F 2i FEFSAE
a3t glokd 1 A3t ZIRA[AOR SH8). ofn] A HHE thAH in vitro 7}
FE= A BAE oldfish=t LA BTt ofHH QJekE AAo] EIHA7|A]
ULE ATt

O In vitro JE+= I¥tFo= JAF ekefst Aol 12.3 ekEst o9 Ao vjx|git.
EE AFAT in vitro B7F AE7 QG F83% BE 2o AEAY tE AlHd
HixJsfof oF =k ok A A, F7], 41 E FAR Y/E= E AR
Z+Q AA)

1 O 1/

O 9929 94 DDI £ ot} thafel =% AH=o| thgh QJokE ARSAEA HIARR
ol 9] AIAES 93t FDA 7loldAS HstA| Q.
o AMAA 9 BESH AAY AT JFE ARAEEA ATAFR-IHAR, JE E
2420164 129)
o YA FEATAE W7l-Cytochrome P450 84 9 554 7] JEAEZE
(20204 19)

7) 21 CFR 201.56(2)(3).
8) 21 CFR 201.57(c)(13)(0)()(C).
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e 5 =

1. tAF 719 oFE %

°-r'
°1=°

9] in vitro H7}
O g =Fsto] thofst in vitro IHAIE A|AES ALESlo] 7fdk thad oJokEZ o] oF

o AFAE upolars AAHT} 7+ F2A Pt (Liver homogenate, S9)S 9,000 g
oA YA E3t AS5H(Supernatants) @ AIEZZ(Cytosol) (B 8ol wet 2435t
HZOIR} =7h3} 72 QA 7+=xA AE U B3 (Human liver tissue fraction).

o 7N o= WARAY A B /Y 84 #olE ERIT 5 Qe oS I
A AEHO] ZHZ3 QA CYP &4 (Reconbinant human CYP enzymes).

o AlASHA BEE 7HAIEY 84 FZ7F 25 o] 13 Phase [ 9 Phase I 9F&
At Aao] At HAAE o ookl Sl e HEH THAIE(Cryopreserved
hepatocyte)} &2 QA 7+ %3],

O o] Floldrg] e AL CYP fia 2 7t o] YA AL ik olekEw} welo]
oW H CYP fd HAKE]: Phase T &4) 2 7ke] ZAo)A WAsHs e
BELE

(1) W o ojekmo] Ea 71Welx] Wrheh: AT

olo

¥ A+ (Reaction phenotyping studies)gtal sh= FE tiAlEA AW

T= =Y HARE "HEcke 58 SAE AEdks 4¥9 in vitro A¥olth &
BH(d: in vivo ¥ 3_/1:4 44 g4 E= DDI dlol&)e}t &4, in vitro
gole= S5 MY A Y &4 H=E AFost=d AHEEH.

Hoox rR ok

ral
oft

O HAHE=E &1 A¥2 o= o A== A 9 2 94 A=}
HEZHRIA] £AFHRIA] &RlIgitt, o] AYL 243 QA 7F AARI(A: QA 7HA| =
Human hepatocytes), QA 7F ofo]Z2<(Human liver microsomes) E+= XH}_?J
a4 A|AHE(Rrecombinant enzyme system)& ARESICE TiA FA2 Q1 AFofA

A2 dolHe vk 2EY AFE FIA R ¥ 240kt ==l "o
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® T B AFEL WASE HEE WS A7

O 7VF23 first-in-human YAt Eo0i7}7] Aol 7fdt A} oJekZ o] thato] Fojst=
5% 1‘4]/\]-_9__/3\_‘; /5]%0]'7] HO]' in vitro 71& ﬂﬁll-l:]- oFE 0] TALE Tsl=

=
o A HA PSSt 2, oFE e FAE B 24 JAAR olES A 3t
ofo]2 2 Ee AR F99A 107 ool EFE)E

- E A Ee A Az AEY CYP HAS ARSI

o 78 QA7 AZF CYP 84S ARRSH W], AZX CYP &4 A|AER A 7+ Alo]9]
CYP 549 ¥ a4 &4 Aol 18T LS H3} (Venkatakrishnan, von
Moltke, et al. 2000; Chen, Liu, et al. al. 2011).

o OlY3t AFE 3t in vitro A|AEL oS3 Zo| st} (1) Asta AE 7
sflof sk, (2) ZF 849 AL 25| o) in vitro ZE2H 7]ZS AR
zg2d 714 552 o= Y 9 oA eAgo] #S FDA ¥ ARO|EoA] 57‘%
4 Slth9)

o bSOttt ARl AR BEASte] kinetic ARl o8 Adsittal wHEE=

1 84 wZo] et AR P4 £E9] AFA)e =

g AFolA HEgE Sle2 vHE(C: FE v 9

ﬂilﬂl n

r°1‘
o

o

o BT g olorEe] WA Al R AE CYP O] Y= A7) 9l
in viro 718 S W del ASHE b el Uk 1) R 44
24 2) A G4 Zolth 49 B9, YA P4 APeIA BE Fa
QAAE Selska B ol Bt

. =4 gl FAol e A CYP 540l Joiwg AFalr]l 98 in vitro

WS U W, A BH S St

o HORE W 7h gApe] BEE Seb] Aol AF RS AR JRsE 24
At

© P A e V4R 8T AL O FRE ¥ sl A
WA FE7] D A% 249 AF © O] A2EIgNS Agstel 4SS

fijo

9) A list of probe substrates:
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/DruglnteractionsLa
beling/ucm093664.htm#tablel
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AT 4 97 oEo] Selste
. 7} olgAAe] AR T Bx E42 olsshs Ao AT ALl T oAy
oFgjste 4ol i 49) e (Racemic) OFZo] AE olgAAE

—_

=8 =
gt Z2H 7S AREStY 4% AY oM JAIA dEAdy a8
gIgith. dRtHo g AREEE in vitro CYP B4 JAAE= &8 AL € &
Jozgol T3 FDA & ARJEOA 2HE 4= QIth10

o A9 HAY FAE Aty EA AR A AE EAH] ol FES| R,
FES| =2 LA CYP &40 dist A9 JA a3E HAES} (o443
o=2+= A&l 80% ©l4). 2 CYP isoform® ZZH 7|d-& AREstal 5L
AY 2ZAA FA9 aIE &It

2) /i g oekFEo] 84 AAA E= FLEAIARA] Hrlsl=s AT

9 oAt 9JokEel CYP 34 A 7RsA2 A 71AC: 71938 B AIZE 9&EF
ofA&el K; @ TDIIAY Ki, Kinac)
Z7st7] fsto] Z=2H 7EE /\}%5}04 FE A 7t 24 AAHOA ARt
olFgt Aol AMEEE in vitro AlAEOlE QA 7t mlolaz g CYP ¥
AA”HOA A mlo]m3 24 EE 7HME7E ZIET (Bjornsson, Callaghan, et
al. 2003).

1>
u_

O M A YFEY in vitro A A+E S kinetic HOIEHE A= HEo]| AR
Stof QIAIONA 7 T QJefEo] e eREe] oFEg F= JFE dAST 5 Uth
olygt 4L 1L a4 DDI IF AHE FE(Sensitive enzyme index
substrate) AR5t in vivo DDI B7FE £3dA] 2HT 5 &= HHE =
(A4 11.B.2 Z=).

. = o AgFolu(d]: E4E A 7 HlolAEd E: ARF CYPAA
g Az gef X2 A B), 9 Bk AAS MR o] Fo CIgEoR,
k2o A dAE AKX 9e). HOR ALEL in viro ZRH 7|47

1 A RS2 o= Y Y FEdeAEol ¥Rt FDA ¢ ARIECA 2

10) Examples of in in vitro selective inhibitors for P450-mediated metabolism:
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/DruglnteractionsL
abeling/ucm093664.htm#table1-2
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i)
k1
=2
gl
N
o
ol
e
>
oL
fijo
S~
do
_0|L
)
=
il
o9
N,
i)
1o
n)
S
>,
__>‘|I_4"
ofh
ox,
filo
Ay
o,
ol
O

e =,
FA BEE UxLoz HFEsH ZEst 28 AAES st (YE i d
FE/AJTAEO] T FDA ¥ APOlE #x).12) m2H AAAY kinetic (K,
4/ B kinede T E1E g H{Q}F H|sjoF €T In vitro
AARRE E9E QIA 1F vlo]A2E&(Q): FoiRt 109 ool E9H), ¥s EEd
A E(: Foizt 109 ool £3%) E= AXY CYP B4
|3 25U 4= Qlok. A W7 HEE A7) s QA EFo] FES 12} #igH
ZEAZ(Primary hepatocyte)s A8 HHE UEWE in vitro A|AHOZ
13T 4 ot (Lu, Miwa, et al. 2007; Mao, Mohutsky, et al. 2012).
HA E4 8o gt A 7FedS Al fs it oFEE IR
Ade I 2T Con®l 5081 E= & / 250 mLe] 0.1 H). 12t
FE vEe FEY o= TAE ZAHAY AlZ 2do] {oigt JFEl: AxE
542 F86iAe rEo AT diA AoFE] 27 1wkt £ 34E 94
° 2 Cso = Ki #6Z Al4bsH] fld 5 ¥ 9FE =& HAE
gtk m2H 7|dE ARESte] T diAd 9oREe] A 47HA] e BEE HA

it
({22
gl
P|l2
rr
N
e

:10
‘er‘
i
1o

o %E9 ICs @2 AART "= ¥R AAAY ICso#td Kigko] © HHT
7 = Kn I ZAY B2 5&o4 7[dEZ vt K& 245k=
A5, 7149 Kn 2 AAAY K Etf ¥2 555 H @2 558 EF AHs=
2 9 £ ogoHA AHsk= Aol Eo
e Microsomal ¥ Sl dubrog | mg/mlL "|9te]tt ©@lAg o] kinetic
golg &40 dFZ v A= AUEH= S, WY Fo HECY AFEZ
(@)

BAst} H|Eo|& A3 AgAFo7 SAHSEAY(A: equilibrium dialysis E+

O

=
AREste] AT £ ot AR FEY HF AFES &9 H|Eo|F A
2452 PASHY} (Gertz, Kilford, et al. 2008).

° Hilﬂ 7('}E, ‘IC')I‘—E_({:)] E‘l leE E“tl:" Viax ‘;Ll Kn {:-15'78]01] /\J—%‘?} Oo:]
I

ool

11) Examples of in vitro marker reactions for P450-mediated metabolism and in vitro selective
inhibitors for P450- mediated metabolism:
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/DruglnteractionsL
abeling/ucm093664.htm#tablel

12) Examples of in vitro selective inhibitors for P450-mediated metabolism:
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/DruglnteractionsL
abeling/ucm093664.htm#table1-2
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o dutd o= 7|Foluyt AAA|ZE @ASHA AX(Depletion)®= Y2
T8y 7189 Kol RoH, 71-9 skt W2 A9 7|Ho] aXlE=
ojglg & Ut ol oA = AAIAY kinetic ATE FHT o 714 4%
7Fsd= AEshe Aol .

o A AFH FAH= oFIske HlE Al B
Z7] {LoA).

o 4 &= 3AE JAISHAY 43 ¢ JeHE W 5k (( 1% (Fu/F);
v A= < 0.5%)9 /71 W& AR&gtth Adol= &W(Vehicle) 2
ARESfoF st Q] Al & dixaS 24 4 Sl

o HAS "IAYZ(: 7194 A E= TDDOl wet JAAQ] kinetic A5 3T
T Aok 7194 AQAAY B, ARSE 71E 52T 84 oS K 2o S5
[C509] AHES Ki FHYAZ AR 4 ot (Haput, Kazmi, et al. 2015).

o 71AZ F7F7] Aol Y Y YoRES AR HiFstol(all: A 30% 59 EE
in vitro A23#d ZREZHYE TDIE 7|&ZFo= dygt. %27 &4 FAo
AZE 94 9 Bx A} 92F(: CYPY 7§ NADPH)CZ Roln|gt &4o
UTHH TDIE Yulsks AY 4= Aok ol=et AZolA TDI W7 ¥ (£, kinac
4 KPpE Fot7] Yol &4 in vitro 7FE £33t (Grimm, Einolf, et al.
2009).

P~
o
/o
S

e At (WA 37489

@ In vitro 84 &% H7}9] 438

O Hi¥ 7lse, ¥ EE AE = A2 289E A TAxE AJAHS &85t
M g ofEo] CYP BAS |EA|=A 28T 7Hs/dol =R B7Ht &= Ut
E43E (mmortalized) 7t A2} 22 ohE HibAQl in vitro AlAHE 7
i 9JoREe] CYP B4 fx 7FsAS B7lot=tl AR 7Fssith M2 84 &4
(Cell receptor assay)k AHEE 4= AN, o]t A+ A= ZAHol7| Hop=
HAAQl HAH=E 7ttt In vitro WAl AlARE Ao ARESITHH o] A+
A9t ol Rt Hloly sS4 WS FdEtt

O 3§ 7Fsdt A9 H7PH4(Endpoints)2= 42 mRNA ¥ W/ mzd

2 &5t H 24 &4 Fdo] E3EY (Fahmi and Ripp 2010;
Einolf, Chen, et al. 2014). £4°] @AW 4T 1 FEod IA= AAZ=
847t FEEA0lE FAO FHtE= JA a7 24 v {2t naE
Ath= Aotk @A mRNA #¥ £4e ¢ AA #4(Transcriptional
analysis)e @7 stH o] EAIE 12T 4 Utk o¥ in vitro A|AEY H7HHEREE
AASE Z9F RsHA, BE FQ CYP a47F AUz 752 st ow g4

el
xS AREstel fed ¢ e EAF7] AdiAe AlLcdEE A5

s

N
)
filo

>~
Ay
ool

oL
o

O.
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O 584 #=& A5 98l in vitro Al2ES AR T, ts A7 ARG Ll

o i A} 9FES Hre wi:= CYP1A2, CYP2B6, CYP2C8, CYP2C9,
CYP2C19 9 CYP3A4ES =3t 9 CYPO| Hist & &858 Tl AL
Astt,

« CYP1A2, CYP2B6, CYP3A4E A2 thE & £8AE B FE=7] o] o
Shse WA HEHCR Pkt

$8491 PXRO As}= CYP3A4 € CYP2C 49 3% |E& oloF

At webA, CYP3A4 Sxof gt in vitro A A7t 4o, CYP3A4
2 CYP2C &40 Higt 271491 in vitro E¥E in vivo & AFE & LU}
Atk in vitro CYP3A4 &% Zu7} 4ol DDI 94 H7HE st= #o] Y3t
=obd, g oAb 9JoFEo] CYP2CS, CYP2C9 ¥ CYP2C195 §&35H=4] in
vitro = in vivo A|AHO|A H7}ek= Ao| Eth

c 84 FEE BUP] A% HA9 in vitro AIAES AXskl A 7hssfof sk,
¥ 4 34 dx FEE AUt KA E HFEATE SAdfjoF ditt (RE A
4 oFE AT ZHgo| B3 FDA § ARIE X).13) A|AH”I0] AFEW, HREA
(& "dxdE)e= MY i JUES B7ker] AT Al Aol A" AIge=R

4

—_

wgE & Aok APEE A9 CYP B4 450 d@ A= A7 9
HAE A2 3% BEE B4 QA 24D P55 99 e 48
61]

g3ttt (Fahmi, Kish et al. 2010; Fahmi and Ripp 2010; Einolf, Chen
et al . 2014).

o AR AEA YEYE R ke HAE AR AWSe dUT o kol didl
3717} o|FofAof 2t ok o= A Thsottd, BUFE & wx HY del
& M| FE+= in vivo I AEHY A & fEE sZET 108] ol
%‘é‘% NIRSLUE=, 37563/‘]7] AL HITh A s T Al ¥9 wHE S 9%

Ao 12 AFEE ATl UAY, #ig HiA
a3 ‘E—;-". AEAo] Z3tEo] Sle AE, Ee FEQ HECH
Ago] FsHA =2 A, I HiIACA fEekEe] BEE SIS At
A4 DDIS) HEE 9 ]*—0}71 s dlolEE siAe o whdgdol] ik EAo]
ZQ3%t 4= 3t} (Sun, Chothe, et al. 2017; Chang, Yang, et al. 2017).

o 12 HiFH TANEE AR AR, Attt Al 59 FoAe A EE ARSI
A 199 3o THE=RE ] Aaprt AP ol AAGE 2dste B9
g k== in vitro FEAR HEShal 4 FUHE ST

13) For more information, see:
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/DruglnteractionsL
abeling/ucm093664.htm
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. AFH ATWS B AL Y RS 9= AB /K54 R sty A
g3 A7 Aad % BPASE 924S U 4 Atk Aol oE dFshEs
At

o N A oloRE] HjoRe UBtEoR YT fETt oS 48-72 A7F B
A&t eIzt B AT B JFES WY Folsha, ofEo] FGH wAS
B1Hos wAY Eo MFS T A L AR B4 S g
A4 FES ANT & YE Agew W wer o Fe wjY V17 Euw
Aok TAS vhslES Ao

T+ in vitro A% ZAIE in vivo Al o] Q4
AEsh= dl F25H Atk BEE v A Holl= ofF AFOA =R W 2
= A& PBASHY (Sun, Chothe, et al. 2017; Chang,

>,
[>
ot
=
12
i
1o
>
Y
off

Yang, et al. 2017).

2. &5A w7 g FE2FE9 in vitro B7}

O In vitro 54 BAHCE 7 ti ofofzo] 574 w5419 71AUA AAARJAE

AR 4 Aot ol EAHI AASE in vitro - in vivo @AM (In vitro-to-in

vivo extrapolation, AA IV ZX)o] 23S o|FW in vivo UE AoZE AF
B7IE ok st=Al RS 28T o+ Aok AR A FEE Btk
in vitro A% W2 & dHA JA g

(1) In vitro A¥ A|2"Z 0|85l ¢4 WA IFE 42d4ES 71 W 2

A}3}

@ In vitro HIAE A|A”9] A€

Mz 718t B4(Cell-based assay)d Zo] &4 Ao A3t in vitro H)

Lo ok In vitro 29 AL A9 A3} sjdsfor & Ao wt
geHd ¢ S # 12 54 549 71E Be JAAEA LS 5 Qe Y
o4 ooREe ARl 54 wAl FE A28 7lede A5 fIRt in
vitro A|AHS] & Qokst Aol

@
filo
2
)
o
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(% 1) Examples of In Vitro Systems to Investigate Transporter-Mediated Drug Inte ractions

Transporter In Virto Systems

ABC transporters

BCRP, P-gp Caco-2 cells, commercial or in-house membrane vesicles, knock-
out/down cells, transfected cells (MDCK, LLC-PK;, etc.)

Solute Carrier (SLC) Transporters

OATP1B1/3 Hepatocytes, transfected cells (CHO, HEK293, MDCK, etc.)

OAT1/3, OCT2 Transfected cells (CHO, HEK293, MDCK, etc.)

MATEs* Commercial or in-house membrane vesicles, transfected cells
(CHO, HEK293, MDCK)

CHO: Chinese hamster ovary cell

HEK293: human embryonic kidney 293 cell

LLC-PK1: Lilly Laboratory cancer porcine kidney 1 cell
MDCK: Madin-Darby canine kidney cell

* MATEQ 7|2 Ui #@akoz gok= YA Fli(Proton gradient)? FEHo| m2p ZatRich. o2k MATE
assay AI*E“OI NESH pHE AME3HOF SiCt.

FEA WA e AL 2ARE] 9% 7 in vitro AJAE] it AR FHE=
gt 2o,
O A=er A%
o OQJAfo|E-of2(Inside-out) A|EY AXE ARESH= in vitro A|AEOA = it
o4 olokEo] P-gp T BORPE] 714 i olAAIRIA] o8 HrlelAw, Faliol
2 GEO|AY H|Eo|H ALt 2 &S AE olg FHAY 7IERIA
IS4 X 4 A
o Axut AXE ARESH= P-gp Y@ BCRP 2494+, H|ZLE 8 iR AZA
adenosine triphosphate(ATP) Q&4 54 w7/l AFHE A =H3ct

O AZ 79k A|A”lo2 FeF 4234 4 (Bi-directional transport assays)
o U BA2 Y A 2oFEFol P-gp E= BCRPY 22 f=& 549 718
T= JAAJIA ARE 7l

* Al @3(Cell monolayers)> FH/HAGH(AP) ¥ 7IASFBL) A7 = FA| 9
vitk-5/4d FE(Semi-porous filters)olA] viF3lct,

o AE TF9] AP EE BL Sof /N tiAf ookES Hrlskal Azt 75‘4011 et A
35S 5ol FaEo] gAH(Receiver) ¥ Y2 FUH FES FS SHIITH

* AP — BL(Absorption) ¥ BL — APEfflux) ¥9eFe] =9 ARV Bk
(apparent permeability(Papp)E AAFSHL, BL — AP o AP — BL P.pp9] Hl&
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oA 7149 §&&(Efflux ratio) AAFHL.

o PAAG MEF(Transfected cell lines)s AHET W, WA 54 &4
(Endogenous transporter activity) ¥ H|Eo0]|% ATS A
AEZZFo] 988 A gz A7 vwekch g 7Fx] Wy
tfu] A (Parental cell line)lt empty vector”} ©|¥
(BEfflux ratio) H|Wdl= Aot}

O A= 7|8t AJA"E 83 & E4(Uptake assays)
o 55 EAL I A 9J9kEo] OCT, OAT, OATP ¥ MATES} Z-& SLC 5419

S Hrislict

o FAHZ NEFE AREol= 49, FAHY MEF b ZAEFLY empty vectorZf
ojdH AEF9] FE HHHFS v|w It

o QA ZHE TX ZHEFE
(Sandwich) Hj¥o =2 A}835H

)
i
H
fr
12
2
=2
2
2
)
dr 4
[

& x2S TS 245 Ad H 45 A e vs 2 Ade

3
AE, o= 7 d 2SS B4t AlExE A = AEY
I i 24 AEY Adi<(Passage number), HET AlZ Wk
(Seeding density), AIZE ©F Hol(Monolayer age)), Z2H 7|4 / JAA &%,
vk Azt AFA(HH) / pH 24, MEY 714 2 [Cso, Ki E K 22 1i7f

flo
|

. YR gojt MmO 2HIMCell integriy)olt A 715 IFS v
o]

Jorg o =% (( 1% volume/volume ¥ BFEEZSHAE= < 0.5%)2] 7] &1

>

14) For more information, see:
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/DruglnteractionsL
abeling/ucm093664.htm
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S
o

ottt Aol 8l dizato] ZeEofof ot Bt F¢ 7 Ik

A1t

o 71 9 gAA A BFoA oFEQ] F IEo] FEIAE HoEth F I550]
AYAofA AP AARE AAREY Wohd, Al =9 A Q1 DDI H194
B7F Aol s FAo 44T ArE Atst gtk o 849 F¥FE
m7lst Ae Astt.

S AR R A

Az / 7171(Apparatus)]l tHet Al k&9 HIEo|H ZAg Ad}

AlE =9 8= oA

v wiz|o] @4 E= el HrF 53

o A+ 9 A AFA #FEE(Transport rate) 2/ ZH A 84 A5 +3

S},

o AT Ao gt AYA 518 7|EE AATKOl T F24(Monolayer integrity),
4% EX(Passive permeability), Z2H 7|29 §& T AF maH 7|49
Ko Z2E A9 ICs). L2 7]49] K, gol} Z2n 714 Ei o440
ICso @b 71 &R0l Hagl g} B3t Ae =stes drith

« ZIERE A=Y T U2 24 EHA Lol HAl S ook

H
b

ot

I
)
-+
N,

N
~ 1

¢

ol

¢

¢

Q.

2) AL BF SJoFEol A9 712AA 9 W3 H7}
O In vitro Al&EZ ARESE] AT did QjefEo]l w5419 718X A+ 4 o=

_9__1__;;_ _J__l"—':l 0]‘\:]'

« YFHLE ABEHE FE HANA A 4 =5 BRI

« %84 (Aqueous solubility), ¥lF |7]9} F&E0o] HIEC|AH A AZ B4 &
of8] 21219] in vitro ®A4°M Ald F=9 s=E AlRME & AT

* In vitro *V\E\ﬂol ofd #FAE Lolke 45 2oE FAs] A = A ode]
A FE3t JAAR F7F AFS I3t

G) AE A oJoFEel #5419 AAAAA ] W B7}

O In vitro AZHCR 7L oA SJokEo] 55AY AAAAA BTG v TFe} TL
Ase e

o M A QJOFEY) ANH AR Al FEEC HolE 104 ol e WeER

AAg dEd oF2 BEE 2o SIE WAS ZusAL Axel g

GH: AE RS AN rErh SpAE 220w}tk 2904
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O = N HFolA +oHd EdE2 in vitro®t in vivo =228

A=) fi2ol, dtstee A1 7Y XAl T2t dAEeE Fojt 3=t
s 5 St A2 et ]3 A AFH Y B FEAEY Coee B
7 AF AL S T ATl fEedE HY 3T (Maximum hepatic
inlet concentration) (I8 6 #FX)). A9 W4Zo] Xt HAEY 5
(Apical intestinal transporters)? 4%, Ald & 5= 0.1 x € / 250
mLE ZIRITE Al oFEo] A avE Ustdl= A4S, F7HQ 55 AARH
ICso = Ki @2 ARt Z2H 718E 7HAA 4 7H4] 529 AlY o
B7Rt 1 g5l 1Cso B Ki @2 d0AY @8 s E= AolAe
4 X vluste] DDIY 7FsAdS A5 & Sl

o Aol 7A AFH 42 Hole ZEH VA BE HYS TS T
28 714 5= $549Y Kn olst= gttt

o A FES AR HIY SIS W H W ICsox UEHEA Yotk 93
OATPIB1 ¥ OATPIB3 Al Al Al =3 ARH ®g €4 18T & UAth
dE Eo], 2 B9 95} cyclosporinedt 1 ARl AM1o] AJ7t 9]&Z 9l
OATP1B 9AAIYS HoZEtt (Amundsen, Christensen et al. 2010; Gertz,
Cartwright et al. 2013; Izumi, Nozaki et al. 2015).

¢ oA T Z)We] et ek 4 Yok Wb 2% Q4 ATolAE Agd 4
gt ZEH J1Fe Agdtel AY R o4 448 AT A9 HEpE
A oy CJoREY] JEAE FSHL BAARA 9] Slg), YutEoR ez
AR el B Re 105& Qe Z2H S1AS A48T FE Ytk

+ %% 94 DDI WNHY AN ANSHE AL e AP 9 R

vitro AATE BASE P L o4 B2 A48T & Yok

ﬂil

12 9od 7540l gk % AT % Bd /)R 3 ol g

g7tk iﬁoﬂ ¥4 DDI H7HIES +FTA| ofFet 11 A7) 3 W
ATt W2 AFe, 27]°] ¥ in vitro F7H A AtolAe] A &4 ;
ng 7|9k Oﬂéﬂ‘ﬂi g8t i " 2eFES] DDI 7/l ‘:H;} :7—7]'319_
W AF7F 28HA S = ST

— ﬂJ[O

4 PK FlolHE AFE, In viro B7h AAE FUSHE S84 mde g
FolA A A 2J°FE2] DDI 7Fs/d= IS5t

94} 75 DDIYIA DDI #% e o8
udo] gtk 7% mde ItHom Y oi4b olokEe] o8 drtaaTt e
202 o B SESEA Isks AT L Ee BHo| A7) AgHT,



O Mechanistic static modelsZ+= DDI & ¢FE3} =2 H 7|2 A okE9] oFEshy
EA4S A9T 4 Jtd (Fahmi, Hurst, et al. 2009). A|A"] oJ&F uj7f] W
(System-dependent parameters) (9: AA A5t 7]9h), FE o&F ujrf HEp
(Drug-dependent parameters) (Zhao, Zhang, et al. 2011), A|7to] W& HI=
2% B3lele= PBPK EElE X36k= Mechanistic dynamic models2 A ojEA
DDI o]zkc} oﬂq_‘ fels ﬂo]x] 737<40].___1:ﬂ _T_:,_O ) Zt,]- _E,_?S]— o]ao]- Etﬂo /ﬂ Z} ?3—0]]7]-
Lt 3R} B EX Al o] SHF Zdlo] Q= 3o} 72 tiakst QA; AlStolA
DDI9 Z71E AFHog d&a 4= Qo

(1) o1& 2d(Predictive models)& ©o]83t9] &4 7[4t9] DDIE Hr}s o 18
Sfofg A

@ 712 ndS AL3 G4 Z2EAAEnzyme modulator) 249 & F3} o=

O OFEo] HAFEAS YA AAA EE STAOIX W= 7|2 Td Apgo=
A&t 712 Bdods dA T2 Ry, Ria(CYP3AAYD, Ry(TDIOIAYH);
e 892 R3, ¥g} i, WA e ARSI

O A7 +9¥& B A4E R g Fx WS} HieE AZ IF 7|EY H]wsto]
DDI9 7154 HiA| o8-S AHoEE As}. 7120 A §49°] DDI 9HF okE
DDI v k=2 WH in vitro A|AEE EAstal, HE3 2A7 = EF A
o & AT & Aok 71E 2l AF A3 Y oA 9oFE9 DDIO digt
7Fsd< HWIAISHA b= A% 571 BdY #4& 35U, mechanistic static
model = PBPK EE (o #X)E AFESHAY, in vivo DDI 7S 4$3§5}9]
M i k&9 DDI 7Fsd= —zr7}i B7ket

@ Mechanistic static modelsE A3 §4 ZAJARA 9 k& d3¥ =

O Mechanistic static model2 ASA-E {4t =3} 7|2 FE RFo 3 g2
AASE ke FH 9 oFE AoAE HAYSES Fote] A3ttt (Fahmi, Hurst,
et al. 2009). o WAHAE ARESte] 7|d 2FEof gt i thA; QJekEe] HA

a7E A4S 4 YTHAUCRE EAE) (39 7 3R).
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AUCR =| ¢ i \ x[ 1 ]
A xBxC, [x1-F J+ ¥, | | [y xBy xCp Jx 1, + - 1£,)

The equation assumes thatthe dmg has negligible extrahepatic clearance.

A 15 the effect of reversible mhibitions.

B is theeffect of TDL

C 13 the effect of induction

F; iz the fraction available after mtestnal metabolism

fm 13 the fraction ofhepatic clearance of the substrate mediated by the CYP enzyme that 1s subjectto
mhibition/mducton

Subscripts ‘h’ denote liver.
Subseripts ‘g’ denote gut.
Each valie can be estimated with the following equations:
Gl Liver
1 ' !
a't = ‘"l:l =
Reversible mhibition 1 14 ”]u; n [[]h
K; K|
h'-d-ll'E B kﬂl.'j!:.'h
B, = - By =
Time=dependent € K . l[JF :‘kihﬂ{'l b kd L4 [IJh whk inaci
LR (1 R (1R S
inhikition |
. IsE ol (Y |
Inctuetien 1._1: —1= i MiAx [ I;-_l; [-:h - 1 as |1||.|:\:I '-[ ||'|
L]y +ECsq [y + ECsq

Me = fup * (Cawm + (Fa=Fz*ka *Dose)iQp/Fs) (Tto, Iwatsubo, et al 1998)

Mg =Fa*k: *Dose/ Qi (Rostami-Hodjegan and Tucker 2004)

fup is the unbound fraction in plasma. Whenit is diffieult to measure aceurately dueto high protein binding (ie.,
fup <0.01) in plaspa_a vale of (.01 shouldbensed forf, .

Comer 15 the mazamal total (free and bound) mhibitor concentration in the plasma at steady state.

F. is the fraction absorbed after oral adminis tration; a value of 1 should be used when the data are not available.
F; iz the fraction available after mtestmal metabolism: a value of 1 should bensed when the data are not available.
k. is the first order absorption rate constant in vivo;a value of 0.1 min™' (Tto, Iwatsubo, et al 1998) can beused
when the data are not available.

Qen 13 the blood flow throughenterocytes (e.g., 18 L'/ 70 ke (Yang, Jamei et al 2007a)).

Qg is the hepatic blood flow (e.g., 97 L'he' 70 ke (Yang, Jamei, et al 20070)).

R i5 the blood-to-plasma concentration ratio.

dis the scaling factorand is assemed tobe 1. A different valie can be used ifsupported by poior expenence with the
systemused (Einolf, Chen etal 2014; Vermet, Racust, etal 2016).

(23 7) Equation to Calculate AUCR of the Substrate Drugs(AUC pius investigational drug/

AUC minus investiaational druc)

O Al #=9 29 Qo= 7T did 2FEe] &
AA HAUSALE BYE AR EER ARESHES :
= = mAYUSCH A2 T did gofE —4 & e 7FsAS dlSshl
Aol ARESHES HRJ}THS, A%F B7F 1015l 7H). &4 diS2 Al 7Hs/dol &
=t ASHE A4 dSseE ool & A, WEAM fE BE wAAY
A BHHE f= 7FsAdol H=sHA A= JA a3 7HE Aot

rﬂ i
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® PBPKE A8t 84 7|¥te] DDI 9=

O PBPK =92 7B i 9orE 9/EE= tAA9 54 714 X+ DDI 4 k=
249 DDI 7FsAdES d&T 4 Ut 19 82 YA 7fdtoA DDI A+ A¥S
& d=517] 95t UukAel PBPK EdYl 7|HH5) HAES

Hoj&r
In vitro andin silico human In vive human PEK data
ADME data (compartmental or PopPK)
b Physicochemical: LogP, pEa — Parameter input Absorption EL'_iﬁE* pass __
— metsholism: *
to huildiniﬁal P=F.FRFt K.
= Absorption: P, solubility — PEFK models -
. — Dismibation:Va -+
> Diistritartion: B/P, K, K, £, — T
Eliminstion: CL, CLg
| Metsbolism md transport: K, hadel — PEof metdbolite(s) afer parent
v Vonaz, Jomazy Clice =1 refinement drup sdminisiration
_ : PE of metabolite(s) afer
.| DILE, EmE::: Kmlzﬂmm a L  metsholite administration, when |
» o -
(o, T, 1) Final PBPKmodel available
¥ ' ¥
I Substrate PEPEKmodel I Interacting drug PEPEKmodel I

Link two models
- Include 8]l mechsnisms (e 2, reversible imhibition, fime-dependent
inhibition, and induction)
- Use oparating inhibitor inducer concentration (e g, umbound targst
tissue concenirations)
i

I Simulate drug-druginteractions I

Y

Evaluate drug-drug interaction potential
- Predict subsimte exposure mie (AUC and C... ) sod thar vanability (exposure could be systemic or tissue levels)
- Consider physiological biological plaasibility snd evalusie parameter uncertaimty

(O3 8) A PBPK Model-Based Framework to Explore the DDI Potential Between a
Substrate Drug and an Interacting Drug(Modified from Zhao, Zhang, et al.
2011)

15) PBPK models for both substrate and interacting drug (inhibitor or inducer) should be constructed
separately using in vitro and in vivo disposition parameters and be verified before they are
linked through appropriate mechanisms to predict the degree of DDI.
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ADME is the absorption, distribution, metabolism and excretion.
AUC is the area under the plasma concentration versus time curve.
B/P is the blood to plasma ratio.

Cmax is the maximum concentration.

CL is the clearance.

CLint is the intrinsic clearance.

CLR is the renal clearance.

DDI is a drug-drug interaction.

EC50 is the concentration causing half maximal effect.

Fmax is the maximum effect.

F is the bioavailability.

Fa is the fraction absorbed.

Fg is the bioavailability in the gut.

Fh is the bioavailability in the liver

fu,p is the unbound fraction in plasma.

Y% is the Hill coefficient.

IC50 the concentration causing half maximal inhibition.

Imax is the maximum effect or inhibition.

J max is the maximum rate of transporter-mediated efflux/uptake.
Ka is the first-order absorption rate constant.

Kd is the dissociation constant of a drug-protein complex.

Ki is the reversible inhibition constant, concentration causing half maximal inhibition
KI is the apparent inactivation constant, concentration causing half maximum
inactivation

k inact is the apparent maximum inactivation rate constant.

Km is the Michaelis-Menten constant, substrate concentration causing half maximal
reaction or transport

Kp is the tissue to plasma partition coefficient.

LogP is the logarithmof the octanol-water partition coefficient.
MOA is the mechanismof action.

PD is the pharmacodynamics of a drug

Peff is the jejunum permeability.

PK is pharmacokinetics of a drug.

PopPK is population pharmacokinetics.

V is the volume of distribution.

Vmax is the maximum rate of metabolite formation
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O PBPK HYgS AMEE o mdo] 7P, ndo] gt 9 4 g

A B 40 diste] 2ZHor AGdlete ARE FHISIES gttt PBPK
HEy 22 iy BdS ARRE g AlEsiol & Aol 2 Edof digt AW,
Al 8l ofE S5 Ui Bio] ditt &4 3 A 27, oF 2 79, e
nd &9 Zy foly 24 9 AHE3 1ixte 24o] xekE AE dIttt (20189
FDAOA AFAAIE fls I 7lold A sk 7|6ke] oFF FH £4- F413t
W8 #x). A8 AZEoje Zo] Abd AHod HE(FR ¥ F)E AHEE o
ATEo] WAZ AAFSL APd AHY" HPoAe HAE YIIH (Zhao,
Rowland, et al. 2012).

L

O PBPK HEFZ AREste] 7 g4 oJofFe] a4 7|d=A DDI 7FsAdel A=Al

&g = oS ARSI g 4 QJojof s} (Vieira, Kim, et al. 2014; Wagner,

Pan, et al. 2015; Wagner, Pan, et al. 2016).

© A7 W4 719 71 PBPK AR Goet Y&l &% HE ) #
Fo| A2 AW E= FHE F&st d4 PK HlolHE A¥T ¢ A=7H

* A& 7F58l in vitro, in vivo HOJEIE SAR 7]d HHoA AAHETE FFHoRE
A= =71

o QAN 49 AL FHEs= ayo] st DDI 4% A# 9= Ed(Index
perpetrator models)°] HIZEH A=

o =2 29 EFAALES U= wivl Bl tie W= BAo] Q=717

o =9 tAt 2 &F 71Ho]l BT AR AAEHE e 71ET 2ERIA HEE

o] L

oFzo] 78 FU W 4BAE 710S EHAL 9o, YBEe] A

O F% 74 A E= = disf 2Lo] DDIO AR 7Hsdt HlolEE WeErdH,

A+ i 7149 PKell tHet B84 2EJAARe] P ISkt PBPK =2 ARG
+% Ity (Wagner, Zhao, et al. 2015; Wagner, Pan, et al. 2015; Wagner,

Pan, et al. 2016).

O PBPK 1U%& clgsiel AN o Siefgol B DDI U SFERA oHE 4D
2+g9] 7hsAol A=A dESE o, o dEEol §F & Slojok gt (Vieira,
Zhao, et al. 2012; Wagner, Pan, et al. 2015; Wagner, Pan, et al. 2016).

« A% 94 DDI f% 9FE9] 7| PBPK REZ ohokst 89-8%( @ §%F v
A7) 9 Fol AR Y EE APE A83tel A4 PK dolHE 49T %
Q=7

o HW3lE B4 &0l ¥AE PKoll mAl= el Histe] DDI ¥F A& k=
29 (Index substrate models)°] AZSEHAE=7}?
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¢ in vivo 4 o] EL 9mo] G} HAHOE dEsh HAAA A% GEo
2% 9oz, 94 2 f= HAYESE ExE P71

o AlEFo]doA A7 tiARl DDI # =9 i A &= AR

c 2 7Y A4S Yl vl W ditt 9= 2401 e

—

(2) A% 222 o]gste] 54 719 DDIE 7k | sjord A%

Rd

@ 71& 2eS A8 54 JAARAY FF a¥ oS

O &2 AAHYL =34 AdAAR B7iste A2 dAtaset sdet Adse A8t
712 Hdo] AMgo g AZER (AA IV.B Fx). o] 7]E Bd HIR9 oS duet
AR AojH AL 7|EE TAR in vivoollA FEAl AAE VIR HKE €avt

VEAE Adtt. diFloz, Aas £5A9 JATE 7Hg Aol 7Hgstal, Kid
AR g #He2 ICso2 AT = Ut o] BA9] d8d 718 2E2 AU
= Hd fEldE e IHA/Ee [0 e 4T FEe 4o
(Interacting drug)®] b d+olA wdeh 2l €4 +4 =8 AR At
R E= [II/1Cso = AR Aol ALX 7|&3} Hlaste] DDIS 7Fsd Al oF-E
grter 718 2d A58 DDI 7hs S WiAISHA b= A5 e OiA 2ok
DDI 7782 F7h= Bl

@ PBPKE AH&g =44 7]¥t9] DDI &

O PBPK Rdol= 45 ghitat At 89k ofyer &0 o) wiz== ADME
ZaAazt Z9E 4 9k CYP :E4 ¥wd ¢, 554 7|9k DDIO| wigh
PBPK E4H9] A& 452 FHEHA LUt (Wagner, Zhao, et al. 2015). ol=
F=2 FEAe 1" gEshe] A4 =549 kinetic 84S 24t REH5H=
7Z3lo] A|stAo]7] w&Zolt}t (Pan, Hsu, et al, 2016). 5412 G4 719 Ao Z-E-S

W7As] 915) Aol PBPK e Mg My, thhe] £EAg mhe] 749

Addpgolorse] mge 1 mdo] sy mat 440l tE ey WEe DDI

L ORERAA AFE B9} Uold Y4 HolH FZH Folof vlza AF
L o

8] Qe DDI AEeo] dal A4 A dlET 4 ks RS AAET 9l
(Varma, Lai, et al. 2012; Gertz, Cartwright, et al. 2013; Varma, Lai, et al.
2013; Varma, Lin, et al. 2013; Jamei, Bajot, et al. 2014; Varma, Scialis,
et al. 2014; Snoeys, Beumont, et al. 2015). A $5A4 AAAA FS,
AT SA VW] o mdS HYsy A3 RS Bt (Gerw
Tsamandouras, et al. $2014; Tsamandouras, Dickinson, et al. 2015; Snoeys,
Beumont, et al. 2015).
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VII"g. 2Fo{(ABBREVIATIONS AND ACRONYMS)

ADME: absorption, distribution, metaboksm and/or excretion

AP: apical

ATP: adenosme triphosphate

AUC: area under the plasma concentration-time curve

AUC petabolire:  area under the plasma concentration-ttme curve of metabolite
AUC paren; . area under the plasma concentration-time curve of parent drug
AUCR.: areaunder the plasma concentration-time curve ratio

BL: basolateral

B/P: blood to plasma ratio

BCRP: breast cancer resistance protem

CHO: Chmese hamster ovary cell

Clip: mtrmsic clearance

CL,: renal clearance

C e total maxmal concentration m plasma

CYP: cytochrome P450

d: scalmg factor

DDI: drug-dmg mteraction

ECsp: concentration causmg half maxmal effect determmed m vitro

E e maxmmum mduction effect determmed m vitro

ER: efflux ratio

F.: fraction absorbed

F;: mtestmal availability

fu: fraction of systemmc clearance of the substrate mediated by the CYP enzyme that s subject
to mhibition/mduction

FMO: flavm monooxygenase

fup: unbound fraction m plasma

GFR: glomerular fitration rate

HEK?293: human embryonic kudney 293 cell

[I]: concentration of the mteractmg drug

ICsp: half-maxmal mhibtory concentration

Iy: mtestmal limmal concentration estmmated as dose/250 mL

Lin max” estmated maxmmm plasma mhibfor concentration at the mlet to the lver
I n: maxmal unbound plasma concentration of the mteractmg drug at steady state
Tz maxmmal fhx rate

k,: absorption rate constant

ki desocmtion constant

ky: parttion coefficient

ksee: apparent fwst-order degradation rate constant of the affected enzyme
K;: mhibttion constant

K. mhibtor concentration causmg half-maxmmal mactwation

kinae: maxmal mactvation rate constant

K.: Michaehs-Menton constant

k.o observed (apparent first order) mactvation rate of the affected enzyme
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LLC-PK1: Lewss-lng cancer porcme kdney 1 cell

LogP: octanol-water parttion coefficient

MAQO: moncamme oxidase

MATE: nmitidrug and toxm extrusion

MDCEK: Madm-Darby canme kidney cell

MDRE1: mmuitrdrug ressstance 1 protem

NADPH: mcotmanude adenme dmucleotide phosphate (reduced form)
OAT: orgamic amon transporter

OATP: organic amon transportmg polypeptide

OCT: orgamc cation transporter

Py apparent permeability

PBPK: physiwologically-based pharmacokmetic

PD: pharmacodynamics

P-gp: P-glycoprotem

PK: pharmacokmetic

pKa: negatve logarthm of the tonzation constant (Ka) of anacid, a measure of the strength of
an acad

PXR: pregnane X receptor

Qu: blood flow through enterocytes

Qu: hepatic blood flow rate

F: ratio of victm AUC m the presence and absence of perpetrators (mlubstors or mducers),
predicted with basic models

Rz: blood to plasma ratio

S9: supernatants after 92000 g centrifugation

SCH: sandwich cultured hepatocytes

SLC: solute carrer

TDI: tme-dependent mhibition

UGT: undme diphosphate (UDP)-ghicuronosyl transferase
Vomae: maxinal rate

Vo steady-state volume of distribution

XO: xanthme omidase
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