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F1E FE

R OB A MO~k % 728 > Tk 0, EEMERERES (IDF) DR
FHIC X 2 &, 2019 FFBIE TR 4 {2 6300 T AN EHEE T2 [1]. BEIRIA & 13,
A V2 AERAARIC X 2180 s mikE L2 E e 3 2 ABERERTH Y,
ZOREIC K Y 18, 28, ZofiDRE DR - FRIBIC X 2 b D, HIRIEIRIAE
oI NG 2 ZodT, EREREEE D 90%LA x5 2 BIFERE L,
AVRY) VUMET R A v 2 ) VIEGIEE & - SRR R, B, AR,
N 72 &R 2 DRI LR RIS EER 2 Mb o THRIET 5 L EZ LN TW
5. 4 vRY vIEKIFIREED 2 BRI <X, T3 RE EERGEIC X 2 AR
fTonz s, bRty b e — AR+ REAE R, EYEESBA S
na.

FEVRPIR RS IC 1T 3 2 S R 3R & Ok 4 R DMEE T 2. BERIR DA
L L CRPICEG L7204 v A ) VERTH 20, ZoRiEfEned X
EDD, A VRY VIMRER (AVF = VRBEEC 7Y = V), A v RY v
EIHESGER (774 V&, 57000V, DNEHERINHEEE (o-2' v
2V X —EH) Lo RRIBER THEAR 2 ICBAFE S Nz, BETE, 41 VR

Vv S RET AELERALEYTH B, v ILTF Y (A hTVEERTF



F (GLP) -1, Z'nva—2RK{FHA v 2 ) VrWRlER Y = 7F ¥ (GIP)) D4y
fi# % %3~ % dipeptidyl peptidase (DPP) IV BHE S GLP-1 2 AR IEENH 235
AfREE 7o b, fERIE E LN TRIMBEZ L C Licd WD ER I Tw3, %
L2014 i, Bligz 42—y b & LPHERKT2E T2, 412D VIE
HAEE DR DT BEPR IR 533 Sodium-dependent glucose cotransporter (SGLT) 2 fHE
R DOHET LTI N,

RITEE X Nz RAAEIE, Fic 20 2 — 2 it &, /IR & AL
WHHICEEAT L, e Ze O RIFHEBICIR YV AEN Tz F—JHe LTH
HEns, MEIEERIC XY BFEIGEINTE 2273 — 2, RERIEKT 100%5
WX N2, A%, 1ZITTRCTOZ N T — ZBEN RIS RN X 41, {@EE
RN TIZRBEIZZRD SN, Zra—23IET_Cofitic & > CHdxk
IHAAF—JRTH 35, BUKHLAYTH 27012, Hild~DHLY A A %I
P TIVAR—X—% B L T2 [3,4]. SGLT iFHEAH> HEAL P 7 v X
K—Z—THY, Na OHINININDIREFZEZ B & LT, RELRIH S W EE
ik 3 5 2 & 23K %, SGLT 213 SGLTI-SGLT6 D% 7 % 4 7' 2MEET % A
[3, 4], FTH SGLT2 KU SGLT1 DI E % < 7 X4, % DAY 1% H 53
HH O 20 & 72 o T 5. SGLT2 1Z B DA K AME segment 1 (S-1) 35 X U segment 2

(S-2) DERAMRI I RIEL THB Y [5], 2z —xicn LIRSt TS 3



DR OEIERE ) & Fi b, @R AIC BV TIE, ARk TrEB I Nz v a—2D
1 90% % FHIN L TR hic R 3 & & 2 #H - T2 [5,6]. —77, SGLT1 (F¥fL
JRANE segment3 (S-3) DEWEMNCFEIAL, EHERE IR W3 EEAETH 3 72
O, FERAICE W ERICETET 5 SGLT2 THIN X kb > 725K o
1 10% D JREEFFIRIN % H > T 3. SGLT1 I fhic & /NG ERAiRE, S, O
REKHHLTEY, NMNgTEIva—2AIRICB W TERERKEHZHS 2 &
RRLAFMLNT WS [5-7].

SGLT2 fHEHE X, SGLT2 Z[HE L CH ORI A IS L, REEPE % (23
pZricky, EilnbEEET 5 (Figure 1) [8]. SGLT2 fHEIELIVL D LT DT
BERPEIC X 296 Cld, MBEEZ (KT X2 726558, RIFEdP 35222
% &, SGLT2 FHEHR OB IZHBIN TH 2 L w2 2. BifE, DA ETIL 6 K
5y 7 8FI D SGLT2 FHESRE S Elid hTes b, AT X » SGLTs 1T i3 2 &R
CHEYENEE N ER S (Table 1), 72, A VRY VIHKFEL AWV AN =X LT
H 57z, KIMEEZEZ Lic <, thoERBHEEE L IS 250D %\
DX R T, HEFAOFESLHEN A = X L ORI D70 55w % I
CRELIEE T2 223, EHOMEFEHOZDICEETH 3,

HERa V2 -2 —DFZ I wET Y v I7&Y Iab—va v (M&S) F

EOFENHEE L, HMRERNOBR 2 E T v CadibL, v 1=



L—vav$ 3 EBAREL o C&E 2. EHMOFIBRICHENTD, invitro
AR P IERRIR - BRRAABRE CHUSF S N2 A iElRC T — 2 IcEowCTET
AT 2 it XY, Fl RS D b KERS, BEBAD b BF OHEY)
BAED 2 W ITFEIEH O TRIAFREL 72 5. b M ERN O 4B R BIR 2 3]

Fox v T v RIS RGO - oI, AR T & Nk L 72 Y8

)
4y

R O FRBAE ) E T 2 YN L, SR EIREZIUG L Tw» < 2 L, R

¢

DHT T 7 BRI A J1 = X L DR, #Y) 70 S5 O FERE - - 2 O EIRF %
AlREIC L, Ao EERHEEIC D728 5.

AW CTlE, SGLT2 [HEHDO—D2>TH2AHF 7Y 7uyvicxi LT, EHKE
B OERoTELEHBD 7 V=L 2 2Fa v (CQ) IT2\T, IHYHEHkE
NOFEREER) & 7V B L 72 E BT IC X 2 B 2155 2 £ 12 X D, SGLT2
FHESK D HE X 7 = X L QR & I HKF o FEEFIC o213 5 2 & %2 HIY
L, H2FETSGLT [HEXKOBICH T 2 HEHEHA 1 =X Lt 0T, 53
BT SGLT2 FHEHK O FI/NMGIc BT 2 3IFRA A 1 =X L2 T, M&S @

FikrEHWI2RE 217 72,
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Figure 1 Schematic diagram of the pharmacological action of the SGLT?2 inhibitor.

Adapted from [9].

Table 1 SGLT2 /Cso, SGLT2/SGLT1 selectivity, clinical dose, and urinary excretion

ratio of unchanged SGLT2 inhibitors ?.

ICso Selectivity Dose exc}gligiri’atio

hSGLT2 (mg) (%)

Canagliflozin 4.2 158 100, 300 0.4
Dapagliflozin 1.1 1242 5,10 <2
Ipragliflozin 7.4 254 50, 100 1
Empagliflozin 1.3 4829 10, 25 23
Tofogliflozin 2.9 2900 20 16
Luceogliflozin 23 1283 25,5 4

Selectivities are expressed as the ratio of SGLT2 ICso to SGLT1 ICso.

a) Interview form of each SGLT2 inhibitor [10-15].



% 2E PBPK/PD 5 AIC L 3 SGLT2 [HEH 0B ic B 1J 3

YER A 71 = X 1 figbr

F1HE

|

SGLT2 FHEF# (%, B IRME R 7# B R7E L T % SGLT2 %z B2 & HE
L. FRHE 2> & M~ 7' v 2 — 2 \RIE I L <, IR 7'y 2 — 2Pk % {2
HET B LI EIMbE%dGE X+ 28FCh 5 [8,16]. T, HAETIT 6 B
5y 7 WD SGLT2 HESH 2 EidhTH Y, SGLT icxfd 2 &Rk S5 &,
SEYBREF I L D e 2 (Table 1). FEILER A RIT 5 720 121F, IR
EENENEYNRE D SGLT2 % HE T 2 D IC+ 0 RREICEL TW 2 L0ER D 5
23, IR ARZACARPERE SR IR AEBAFET 2. h T AF 7 ) 7a v Vg
1%A0 & it TN CTH Y [10], FRMEERENOERYRES SGLT2 % HET 2

TR HRBEEIGEL TR0 W) CQHBENR T, 7, #F 7Y 7Y
¥ 1% SGLT2 FHEH DT, SGLT1 Icxf 3 % SGLT2 #R1E (SGLT2/SGLT! R
W) P EEREEINTEY [17], BIETd SGLT2 ®A#7% 53 SGLTI %
DIHFL, HEHEPINZZERICHE L URMEz5 2TV X705 25 DTl

Tt BRINGZ Z0LH7% CQ ITRTIRIELZEL T e —FD—D



LT, AEHEAIEYEIRE/ZE T ¥ (Physiologically based pharmacokinetic and
pharmacodynamic: PBPK/PD) €7 V% H 72 M&S IZ X 2 Gt 21T o 7=.

PBPK €7 V1%, T4 OMkD 5 W ILEE & MR CTHEES L 2B CllALTH R,
E R D IEY) DRI - 5347 - ARGH - PR 2 S0 T 2 BERE T A TH b, AP -
fif ) W R S OV R o P BRAL AR - SR B REE I IERRIC X DRI B,
PBPK & 7V ZHEYIMH ARl Rk 10 2 SY@ne vl 1 - &
REFCACHEHAINE X ICh->TkY, BETIR, 72 HIRMERNE
(FDA) 2 [ 3 5 R SR B e A Hk% (PMDA) T b PBPK E 7 A RAT 25 HERE & 2,
PBPK E7MICEZY Ial—va VAR CECEREI NI LI R T
W5, PBPK E7 VORI DO—2IC, FEEEORIERREEZ b M AHRNIEE % > 2
2L—va vV TELRILBETOLNS, PBPKET VAT A2 LiIcL b,
RLRR IC 351 2 SRR IS % F v~ 72 PBPK/PD T 2SPIBE & 72 0, HLIC I i pE
EPD %Y VI IETHAERDMENT & I L <, XU IEREZR5ER) - B0 T,
Y OVEFR A 1 = X L OBRIRRSTHEL 72 5

RE<TI, #F7Y)7avve, FUIRPRECAEPE]E DK SGLT2 [H
EICHB XY 70D PBPK EFAEREEL, BRRME OB HEPHY)
REZBEI L2, X oic, BHHBINZEARL7Z PD €TV [18] 2R L CH

Habt, K7 v a — ZFRIRE 2 ERBNICY T a L —va v LT, BRHER



RFD PRIEHRILREE & T 2 2 LItk Y, v Iab—va ViEROZY LT

WL, 1 SGLT2 [HEMDIRME COMBIER X 7 = X L%t L 7=,



H2i Tk

AREETHET L =N DS % Figure2 IS8T, £ 7T v 7ickB I 23l % LT

ICELET 5.

2.2.1 PBPK &5 LH#EE

SGLT2 ESE A F 27V 7a YV Y RUX 7Y 7wy v D PBPK &7 /L DS
IZ1X, PBPK ¥ I a2l —v 3 ¥ Y 7 F7 x7 Simcyp Simulator (ver. 14, Simcyp
Limited, a Certara company, Sheffield, UK) % F\>7-. Simcyp I 1ZEBE A EH
BUEINTEY, FHOYHACER M OV BREEN R iFHR 2 Al 2 &
iCX Y PBPK E7VZMEET 2 LHBAIRETH 5. Il T A4 v 2RES
LZlicky, WELEETAVEHVCHINE T2 Iab—va VEEREZRG
L2 LN TE L, KW TIE, FFID in silico, in vitro B 5\~ in vive [EHIL,
PMDA Dg#7 — £ [10, 19, 20] % U* ADMET Predictor (ver. 5, Simulations Plus,
Lancaster, CA, USA) 1C X Y &2 5t I N fEZ 72 (Table2). SGLT2
PHEFEOIEHFAL T H 2 BIRMEEREL O NGEREIC BT 2 VR 2 75
% 7= %, WZINIC advanced dissolution, absorption and metabolism (ADAM) & 7 /L

21] ZfEH L, oMmICIT B2 X Y G IICiiid L 7z permeability-limited



mechanistic kidney model (Mech-KiM) [22, 23] % #H A& A#17= full PBPK €7 L %
Fivs7- (Figure 3).

Mech-KiM (3 B fiig & FRAME & e, PRE MG NI D 3 22 v o8 — F X v b
S, THICHIMEL CRER L 29 77 TH Y, IMiii% @ L T full PBPK &
T NTD TS5 T %, Mech-KiM T3, apical & U basal i 1 3 2B EL
V7 7V A (CLep), MYVIARZ VT 7 v ARUCHREZ V7 7 v 2ick by, Bic

LEYOFNETBRL T0E, 72, 2oETATIE, BT T2 SIEI
ARERIE, EATPRME, ~v LIREE, EZORAE, BEEELOBERICH B I TE

b, EARAE L E 51T S-1, S22 MU S-3 IcarEl X i, KERAL T O I IR HE
Brrial—vavT&bETehoTw5, ADAM £7 V1, + 155
PoOoRBETE 8§ AV A= P AV MCRERELZETALTHY, TV 3—F
A v MEOFEYOER, R, WIGETE % F 58 L 72 YRS A Y I 2L —
a VARE/NEET LV TH B,

T AREERNCIE, RYIIC, EIRNESEFORRK T — 2 2T, o, R
NMOHRMAN T X — 2 2 PIE L7z, Z D, RORGROMIKT — 2 2 HwT, T
INXT A — R ZHRE LT=. CLep lE, Simeyp ICIEH I N T W38T X — X JKEESy
WrtsRE 2 Fl VL 72T ic B¢, IMEFIREICHE Z KT I B 0722 80, I

BICERE L 7=, —&IC, PBPK BT A # SR 211X, ERRERERICEH T 51
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Wk MRS & BT HE A P L & 5 B K 5 I 2 — X R BET B,

AR D B BIRMEEENOERYREZ T2 L THY, 2Dl

YOI OBFB S IEFICEETH 5 L E 2 b, Lo T, BKR

BRI o IV P SRR HERS e O IR ip R AL IR PRI R (4e) O T — X 2 BT &

% PBPK &7 VIEEE# i L 7-.

Model development

~ )
Model validation by
plasma concentrations and
urinary excretion of drug

PBPK simulation PD simulation
> N SGLT1/2
Drug concentrations inhibition Modulated rates of
in proximal tubules in | e————————— urinary glucose
kidneys ! excretion
\, ~.
( N\ Ta
Drug concentrations Drug excretion
in plasma into urines
. J

Figure 2 Flow chart of the physiologically based pharmacokinetic/pharmacodynamic

analyses of canagliflozin developed in this chapter.
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Mechanistic Kidney Model
(Mech-KiM)

— | Generic |—

~CAfpose 1 | () - T e
| e [5] o
é — [__Brain__|— FC; o[- Clop > Ly > ! PCT3
Y R v I B -
g — ESCLEA % L B 524 :
< _’_'. > .. — _ e v
—[skin_]— . CJ—J s3

s

Gut

Liver [|— Lol — o

\o
\\D
\_ |

/

° N IR R o Advanced Dissolution,
o S| \\?'\ \\?’\ \\?’\ (,0\0 Absorption and Metabolism
(ADAM) Model

Figure 3 Schematic diagram of PBPK model.

Duo, duodenum; JI-II, jejunum I-II; IleI-1V, ileum I- IV; S1-3, segment 1-3 of proximal
tubules; PCT1-6, sub-segments 1-6 of proximal convoluted tubules; PST1-3, sub-
segments 1-3 of proximal straight tubules; CLpp, passive diffusion clearance; CLinr,
transporter-mediated intrinsic clearance; PO, oral administration; IV, intravenous

administration.
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AhFTIV)7uay v

WA F 7Y 7uyy 2Bk G L7z<4 71 F— 3Bk (Table 3: study C1)
SRR O 5508 (study C2) OFERZMH LT, MARTREHEE KU e %
KT 2 X 51T A — X% PE L7z, MR/, RN ZRE L7
~ 27 v 2RI BT B HERS 1.5 BRI o I & i R 2 & 5
H L 72 % 72 [19]. A REICEE 3 % ¥ 9 X — & 1 Rodgers and Rowland D
FEIC X 2 PREfEERER L (24,25 B2 V7 7 v A (CLp) (ZEEERAICH
m#5 (50, 100, F X 18300 mg) L 72BRDEGRAERE OFEMEZ M L 72 [19].
B>V 7a Yy OBERIGIFH M CEIRECH 3 L IREL. T2V T T
ZfE I, studyCl TEONELH 27V 77 v 2l (CLy) 225 CLr 7 LF[\\T
BHL, IoICBOBERTESEZEE L CFEAE2Z VT 7 v A H (CLin) %
back-calculate L 7z. ¥ 27 v ZE» 5, hF 7Y 7ua v o EREWIT I
7 a v BAEER L OKIELAE TS O, A O M E 53R 134 2 83% K U 17%
EHEE XN [19]. CLin @5 B, BLHIREH 2 VT 7 v RITELAH © EEER
TH5 CYP3A4 ZNT25bD e Lz, Ritsto HWIEE, BRWNGEAICE T
LHEYIRETHITHY, X5 7% 5 AHOFFMEE I FHlICHE L KT T v
LE 2o, BELRRELISNT additional clearance & L T CLinguim WCEXE L 77.

b Mk s EENE (Pg) (&, 7727V 782 300mg #%5FF (study C2) @
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M AE IR A HERS 23 BRORERER A 3R & —E3 % X 9 1T, Simcyp D parameter estimation
;]:22-%\% OC J: D HEI_X‘;‘@%_{K L/ 7%. CLPD j: Hw'fEIJ@ CLPD ap]cal k mlm'fﬁuoj CLPD basal 7b)ﬂ‘ L/
WEREL, de D TFHIMES study C2 OEMEE —3F % X 5 1C, Simcyp ®

sensitivity analysis % F\» T b L 7z,

FRFTY)TuTYv

BC- 27 7uy v ZERNES Lz~ A4 78 F—XiBk (Table 3: study D1)
SO B % 5 50% (study D2) OFERZMHHL T, ET AT X — X 2 RGE
U7z, Perfl (361 T N TEGEEMERER (PAMPA) I X 2iEEMEZ A WCHEE L~
[20]. AN T Vv ZREBOFER, £7) 7ud v oFERBEWIE 2 v g
faatk k OoKELRcH v, HREICEH T 2HTNEFGRIZZNZN 90% KN
10% & HEE 7z [20]. BRILIUIREH 2 0V 7 7 v &R1x CYP3A4 # W35 EE 2L
h, Y oisridAhF 7 ) 7m v LFEBRIC additional clearance & L C CLinghim
ICEXE L7z, CLg 1% study D2 OFERMEA A L, CLin KU ARXT7 A —ZITD
WChAF Y 7u v EERICER L. Cl 28T 51CH720, study D2
DR P RZECAPERE OGRS 120 BifloATH Y, T2 KEHR GO
Zo7 ) 7uYy QRPPEIEERRERERFOK 2 5 TH 2 [20] L b,

study D2 DIFHRZ AT 2 DI#EY Tidhw e Ex bz, RIEo R PR
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IF 2% &K 2 &, MO SGLT2 FHEFRIZ—MRICRIERG I NS 2 L b,
CLpp 13 1G53 5% (study D3) D7 — £ % H > 7z sensitivity analysis (€ & 9 SLH

L 7.

BELEZETAEZHWT, #F 7Y 70Y VidstudyC2, £57) 7ud vz
studyD2 v I ab—vavl, BHREAMEALL v IaLb—vavTid, &
ol —vay, WRER Fih, BLURORELEEZ, BT 2 HERABRO
SfE e —BR XA, 10 REESHDOY I 2L —va v EEML, EHL7-MSEhEEs

% & PK ¥ T X — & U de Z BRIREREE & HR L 7-.

222 PBPKETANYFT—Y gV

ML 7% PBPK E7 VO ZYWZMERT 5720, ETAMEICH TV
WIERDERIRGEERIC O WT, MUEMREHEE MO de DIEHEL > T2 —v 2
VIED B EER L 72, hF 7Y 7u Y v dstudy C3-C5, X377 ) 7ay v
study D3, D4 DERRER % F-lIC 72, ERRRERIE R % Table 3 ICRC# L 7=.
T VB OMRER & FRRIC, Feal—vay, $BRER Fim, HRHK
ORFFMF 2R —8x¢, 10 oo rIiar—vavzEmL, b

RikBi L ¥ 2 2 L —v 2 v OMAE PR & PK T A — X KU de % BT
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A licky, EFAOMHEMBERIERL 7.
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Table 2 Parameters for PBPK/PD modeling of canagliflozin and dapagliflozin.

Type Parameter Value Source/comments
Canagliflozin
Physicochemical =~ Molecular weight (g/mol) 444,52
LogP 3.17 ADMET Predictor
Compound type Neutral ADMET Predictor
B/P 0.71 [19]
fop 0.017 [19]
Parameter estimation. Initial value: 7.8
Absorption Pesr (107 cm/s) 7.4
from sensitivity analysis.
Solubility (mg/mL) 0.1 [19], applied bile micelle solubilization
Full PBPK model using Rodgers and
Distribution Vdss (L/kg) 1.14
Rowland's method
Elimination CLi, (L/h) 12.2 [19]
CLini,cypsa (UWL/min/pmol of
0.283 Calculated by retrograde model
isoform)
CLingam (RL/min/mg protein) 185 Calculated by retrograde model
CLg (L/h) 0.0646 [19]
CLpp (mL/min/million proximal
7 %10 Sensitivity analysis®
tubular cells)
Inhibition K; for SGLT1 (nmol/L) 586 Calculated from the reported ICso°
Kifor SGLT2 (nmol/L) 0.84 [26]
Dapagliflozin
Physicochemical =~ Molecular weight (g/mol) 408.87
LogP 245 ADMET Predictor
Compound type Neutral ADMET Predictor
B/P 0.88 [20]
fop 0.09 [20]
Predicted from Ppampa = 23.8 x 10°
Absorption Pesr (107 cm/s) 4.5
cm/s
Solubility (mg/mL) 1.60 [20], applied bile micelle solubilization
Full PBPK model using Rodgers and
Distribution Vdss (L/kg) 1.69
Rowland's method
Elimination CLi, (L/h) 15.3 [20]
CLini,cypsa (LWL/min/pmol of 0.04 Calculated by retrograde model

17



isoform)

CLingmm (LL/min/mg protein) 47.2

CLr (L/h) 0.216
CLpp (mL/min/million proximal
tubular cells) 8.33107
Inhibition K; for SGLT1 (nmol/L) 810
Kifor SGLT2 (nmol/L) 0.55
Glucose
Small intestine K for SGLT1 (mmol/L) 1.8
Kidney Ky for SGLT1 (mmol/L) 0.103 (267.8)°
Ky for SGLT2 (mmol/L) 3.46 (18.7)°

Calculated by retrograde model
[20]

Sensitivity analysis®
(20]

(20]

[27]
Parameter estimation to fit to [28]

Parameter estimation to fit to [28]

ACLpp was calculated based on the assumption that CLpp at apical membranes equals that

at basal membranes.
bDetails are described in 2.2.4.

“Values in parentheses represent CV%.

P, octanol/water partition coefficient; B/P, blood-to-plasma partition ratio; fup, unbound

fraction in plasma; P, effective permeability in humans; Vds, distribution volume in

steady state; CLiv, intravenous clearance; CLiy, intrinsic clearance; HLM, human liver

microsomes; CLg, renal clearance; CLpp, passive diffusion clearance; Ki, inhibition

constant; Ppampa, permeability in parallel artificial membrane permeability assay.
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Table 3 Clinical studies used to develop the PBPK model of SGLT2 inhibitors.

Dose Duration of Age range Health ~ Ref.
Study n % Female
(mg) administration (years) status
Canagliflozin
Cle 0.01 iv for 15 min 27-54 9 0 Healthy [19]
C2 300 Single 27-51 9 22 Healthy [19]
C3 300 QD for 6 days 27-51 9 22 Healthy [19]
C4 100 QD for 6 days 26-51 9 44 Healthy [19]
C5 100 QD for 14 days 39-61 12 0 Diabetic  [19]
Co6 100 QD for 8 days 38-66 14 29 Diabetic  [28]
C7° 300 QD for 8 days 38-66 14 29 Diabetic
Dapagliflozin
D1# 0.08 iv for 1 min 18-45 7 0 Healthy [20]
D2 10 Single 21-23 6 0 Healthy [20]
D3 10 QD for 14 days 25-41 6 0 Healthy [20]
D4 10 QD for 14 days 57-70 9 22 Diabetic  [20]
D5¢ 10 QD for 7 days 44-62 12 42 Diabetic  [29]

ntravenous microdose study using '*C-drug.

®Virtual study only.

“Age range was set in mean £+ SD.
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223 SGLT2 HEEOIRMEEMENREY {2 —va Vv

WL 7=/ F27) 7us Y PBPK EF A% AW, SGLT2 FHESR O BFRME
BN T2 RYBEEH#BEY 2L —v a3 v E2EML 7. Stepwise
hyperglycemic clamp procedure (SHCP) method I X ¥, 7'V a2 — X ZFRNFEA L
CTIMBEE % BRI EF X8, S B IC 35\ CTIMBEHE Y E L 72 78 HIRFE % #
Fi U CIRBEHE 2 37 L 72 study C6 DS F TORYBBES I aL—va vk
FEhE L 72, StudyC6 Tlx, #F+27 Y 71 100mg % HEPREEE I 8 HENE
HE LT, 170 7ay v olfkREs EIZEN 100 mg, —Hoi@s L
100mg & U* 300mg TH % 72, 300mg % KIEES L 72 (study C7) D HPiE
FEiCOoWTHRET L7z, 260, IRMEEENOEDRE S I 2L —2 a VigR
DZYWZ BT 2720, BERERIE TV [18] ZHWT, studyC6 iICH T 5
PROGPEMEE O ZMER L 72 Q25MH). X327 ) 70y vIiionTd, #
F 7Y 7uY v ot FEfRIC, SHCP method % FV>7z study D5 DR ic D

WT, BIRIEERENEYIREOY I 2L —va v aFEfL 7%,

2.2.4 SGLT2 [REZEOBRME IcHI1T 3 SGLT1 R U SGLT2 FEEXR B H

73— ZPIGEE IR (1) cREns,

_ Vmax X [S]
Vo=" " D
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Vo i3 RIGHIEE, Km 1 SGLTs XX 32 703 —=Z2D I AT Y REB, Vinar 1T
e APEFFRIGHREE, [S] k&4 —7 v PO/ va—REETH 5. BIKTIE
Kn 3 PD ETF A THWAEIE K, E 2.2.538) /ML, IRMEEEND [S] 1&
MBEE 140 mg/dL DERDO PD ETAMICE B2 I 2L —3 a ViHEMEH L 7-.
SGLT2 PHEHK X 7 v a2 — RISk L T SGLT1 K UF SGLT2 (SGLT1/2) %t

ICPHET 2 720, HHIEESO 2L a3 — ARIERIIGERE 73 ) tF 3 h

VmaXX[S]
y, = YmaxXlSI__ o
KX (1+[’]) [s] 2)

[1] 1T DIRAEEEEN (Meck-KiM D S-1 225 S-3) HYJEECTH 3. hF o
V7uaY v RNEAZY 7a D SGLT1/2 ICit3 2 fHEEE K 13 Table 2 I
WNL7z, hF 7V 7uyyd SGLTI i3 % K 3G ER R 272729, o-

methyl-D-glucopyranoside (AMD) ZHE & L TEH I N TW 3 ICs W5 fE

(663 nmol/L) [26] %> Cheng-Prusoff @3 (3)[30] I X W BHHL 7=.

IC
T ()

Km/

Ki =
1+

[ST & ICso FHIRFICHER L 72 AMD IRJE [26], Km'lZ SGLT1 X3 % AMD @

IHTY) RERTHY, B [27] iR AL 7.
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SGLT2 fHEH#R 5.4 0 SGLT1/2 [HEZR IR, (4) TEHL 7.

Inhibition ratio (%) = (1-21) x 100 (4)
0

225 PREFRIGEES IalL—va Vv

PRVEERENOEEYRE Y 2L —v a VIEROZ YW 2HER T 2720, B
FEFIZIN PD € 7L [18] ZH W T, SHCP k% H Wz EiRHAER (study C6, D5)

BT BRBEHNEEDY a2 —2avifTof., AF 7YV 7uY Vi
study C6 DS FTy a2l —va v 78 HHDORMEEENEE#E LY, £
N7 Y 7Y it study DS @ 7 HHORMEEENY I 2L —v a VIBEHER
%, SIRBEPEIEE S S 2L —v a VICHEA L 7-.

PD E 7 VBT, A RME FMHEIcFIC 9 nElEnTs Y, B
6 28—k XV (PCTI-6) %% SGLT2, F#B3 =2v ¥—F A b (PSTI-3)
23 SGLT1 ORI & EFR SN TS (Figure 4) [18]. HFa v X—F XAV bIC

BT PPN, SGLT2 [HEFHRIC X W HEF XN 5. Mech-KiM TlZ, HAL 7%
Xouc, FRMIEIZ S-1, S22, S3 D3 av s—F AV MIHTFLENRTED, S-1
7> S-2 28 SGLT2, S-3 2% SGLT1 DFEHHSL & 72 5. PBPK ET L & PD ET

DEITIRME 2 v X— F XV FEREVBEL L7720, PDETALD EE3 a v —
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b A v+ (PCT1-3) 28 Mech-KiM IZ31F % S-1, KD 3 2 v 5=+ X v } (PCT4-
6) 2% S-2, T 3 v =t Ay (PSTI-3) % S-3 ICHY T EERL L
(Figure 4).

PD €7V ClE, ARERMKIEEEIIFHEKT —£ [28] 2\, SGLTs ® A 0D
K [ELS D5 X — 2 ZBHFEDOET L O L Z D F L7 [18]. SGLTs
TS 2 BT D Knflid, SCEMEZWIIMELE LC, AF 270 702 VIERGHE
o BB & PRIETEMEEE o A7 B 25 BR R GBS S [28] & —E(3 2 X 9 Icikadifl
L7z, Z OFEH, SGLT1 K U SGLT2 1243 % K fli %, %% 0.103 S T 3.46 mmol/L
LIRE LT, TNOHDBIE Knfliz PDEFVICHBAL Z EITE Y, HF27)
7 u Y VIR GHICE T B REEPE SRR R 2 X O BE X CHEcE 22T
nlizofe, LI NS KnHEOZUEZRMER T 272012, X7 ) T7udy
DRI B EEABR ICOWTHABEICY S 2L —va v EREML . RPN
HWEDY I ab—vavid, IHEMFNS 12— a v 77y P 74— 4

simBio [31] _ET1T - 7.
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6.00E+01

Concentration (ng/mL)

8.00E401

6.00E+01

=LA

0.00E¢00 == 5=

0 24 48 72 9% 120 144 168 192
Time (h)

E 5.00401
Bamen| | | | | | PT-S1 PT-S2
BN
® 2.00e+01
%1.00801 \KK N \
§ 0.00E+00 = - —t — — — - —
o o 24 48 72 9 120 144 168 192
Time (h)
\ 4
PCT3 PCT4 PCTS PCT6
T L 1
= / PSTI
AR Glucose / 2
i = J reabsorbed j¢——— PST2
= \ v
Plasma PST3
{ glucose .
.l’l;}.wvml L1 UB
inhibitor
[
o . Urine
—1 SGLTs inhibition of glucose reabsorption
Figure 4

PT-S3

1.20E402
=

E 1.00E+02
B s00es01

ETTI

£ 0.00E+00
£ o
o

o 24 a8 72 96 120 144 168 192
Time (h)

Relationship between renal glucose reabsorption model and drug

concentrations of SGLT2 inhibitors simulated by Simcyp with Mech-KiM.

PCT1-6, sub-segments 1-6 of proximal convoluted tubules; PST1-3, sub-segments 1-3

of proximal straight tubules; UB, urinary bladder; PT-S1-3, segments 1-3 of proximal

tubules. Adapted from [18].
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FIH R

2.3.1 PBPK £ F K

HFZYV7ua YRR AZY 7Yy D PBPK EF V%, FNFNHEE
IR 5 B OF B 1% 1145 5l PR S UBRIRE 0D IR Pl FEHERS S OF Ae 1T HED S SR L
72. PBPK ET LD ¥F A — X% Table2 \C/RF. 221 THTRI#E L2 X 5 ic, H
EMEFICE T ARMELED B 7 A -2 3 NEEEFRAL, #HElroiHE
AMREZR N T A — 23X OFUEE R L7, L2 VT 7V AD 5B CLincyrsa &
CLingim 1, #IRNEE G- RED CLiy & CLr 2> & AR D B SR FE I B 55 % & i L C back-
calculate IC X W K7z, Per & CLpp 1, Simcyp ICHEH X 1 T\> % parameter
estimation & % \» (3 sensitivity analysis BRE % I\ C, FRREERDO T — 2 % d &1
L L, ETANNT A —REHEEL 7=,

MR L7272 \WT, study C2, study D2 DIMUAEHIEEHERS L O de % &
lal—vavl, PK X7 A—2KRW de ZMEE KT 221Xy, F
B2 MR L=, A2 7 0Py OIS EEHER X MRS & —3 L <
B, %5% 24 KM E TD de b EIRHREELZ HIL 72 (Figure 5SIA, IB). XX
7Y 7 v Yy oM REHER IR G & 12152 L 72 (Figure SIC). 4e @

Ylab—y s VBRI X U Ao e 5, BIRHEERY $aL—3
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a VED 5 K95 N —k v X2 A VMEDOHIPANTH > 7= (Figure 5ID). PK ¥ 7
A =2 TH BRI TIEE (Cna)s Crax EHEFRFR (Thao), IR HhAR T
B (UUC) R de ¥ T2l —v a V% Table 4 IC/RL7z. ¥ Ialb—v 3
VB H T study C2 XD study D2 D PK XT A —X & delx, X7 ) 7

HY YD de 03235 E A 0 72 B3, Z DOMULERIREERRF Off & 1213 —8 L 7=,

232 PBPKEFANYF—3 gV

HFTVTaYy, XAFY)7aY v PBPK €T QMM REET S 7=
DIT, N Z N Table 3 D study C3-C5, study D3, D4 DEFREAERIC O WT,
BLEETAEHAGEY I 2L —32 a v E{TW, MEPEE#ERE, PK YT X —
2 BN de % BRIREREAE & L L 72 (Figure 5, Table4). 77270 7 0¥ v % study
C2 L RIL#EE B TRERS L 72 5& (study C3) DIMAEHFIREHERS & Rk 5%
24 B £ T D de IZFFIREREE & 1218 —3 L TH Y (Figure Slla,b), [F U5 (0]
B G5 8% 300mg 2> 5 100 mg ICZ55 L 7256 (study C4) b IMAEF IR HERS
O de VSRS E & % T H > 7z (Figure 51lc, d) . KIGH 5 D IB A L,
R 2> & BER BB 1S R &2 AT L 72354 O I R EEHERS I O de 1D\
T, WRHREMHEZBEHR %2 (Figureslle, ). £57'Y 7ud v EKIC, K

ERGORERWEE ClRIMEEEZHR L2y Lab— v a VRS /{ O
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(Figure 5llg—j). TNHDY I a2l —va VIZBTBEPK AT A =XKL de %
PRI O e L 728 2 A, FfiL 7z T2l —2a VDO PK YT A—&
B de 133 X CHRIRHREME OL50% AN THATE 22 &b, MELLZM

PBPK & F NV ITEEMED H 2 ET A TH S L HW L 7.
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Figure 5 Simulation of time profiles of plasma concentrations (A, C, a, c, e, g, and 1)
and cumulative urinary excretion (B, D, b, d, f, h, and j) after the final dose of
canagliflozin in four clinical studies and of dapagliflozin in three clinical studies.
Canagliflozin: single oral administration of 300 mg in 9 healthy subjects (A, B; study C2),
repeated oral administration of 300 mg/day for 6 days in 9 healthy subjects (a, b; study
C3), repeated oral administration of 100 mg/day for 6 days in 9 healthy subjects (c, d;
study C4), and repeated oral administration of 100 mg/day for 14 days in 12 diabetic
patients (e, f; study C5). Dapagliflozin: single oral administration of 10 mg in 6 healthy
subjects (C, D; study D2) and repeated oral administration of 10 mg/day for 14 days in 6
healthy subjects (g, h; study D3) and in 9 diabetic patients (i, j; study D4). *: observed
urinary excretion of dapagliflozin 48 h after administration in j. Data are presented as

means (lines) and the 5th and 95th percentiles (dashed lines). Solid circles represent

means of observed data. Details of each study are provided in Table 3.
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Table 4 Summary of pharmacokinetic parameters for canagliflozin and dapagliflozin as simulated by PBPK models using the same

populations and dosages as those in published clinical studies.

Simulated data Observed data
Dose
Study Crnax Tmax AUCo241 Aeo24n Cinax Tinax AUCo241 Aeo24n
" gy ) (ughimL) (mg) (ugmL) ) (ughml)  (mg)
Canagliflozin
C2 300 2.57(0.673) 1.80 (0.50-3.40) 19.0 (7.56) 1.51 (0.85)° 2.90 (0.652) 1.00 (1.00-1.50)  17.1(3.33) 1.22 (0.354)°
C3 300 2.79 (0.812) 1.90 (0.55-4.50) 21.6(9.89) 1.63(0.92) 3.38(0.728) 1.00 (1.00-1.50)  19.3 (5.35) 2.097 (0.705)
C4 100 1.29 (0.316) 1.00 (0.55-2.20) 7.93 (3.65) 0.66 (0.43) 1.12(0.143) 1.00 (1.00-1.50)  6.06 (0.959)  0.662 (0.214)
Cs 100 1.37 (0.331) 1.00 (0.45-2.55) 8.98 (4.40) 0.496 (0.307) 1.14 (0.330) 1.00 (1.00-1.50)  6.64 (1.37) 0.641 (0.204)
Co6 100 1.43 (0.348) 0.95 (0.50-2.00) 9.56 (4.22) 0.568 (0.349) N/A N/A N/A N/A
Cc7* 300 3.25(1.00) 1.75 (0.45-4.45) 27.4(12.4) 1.60 (1.00) N/A N/A N/A N/A
Dapagliflozin
D2 10 0.112 (21) 1.00 (0.00-1.50) 0.634 (43)* 0.256 (0.153) 0.124 (34) 1.25(1.00-1.50)  0.464 (20)* 0.11 (0.038)°
D3 10 0.093 (27) 1.15 (0.70-1.75) 0.528 (54) 0.209 (0.133) 0.119 (21) 1.00 (0.50-2.00)  0.506 (20) 0.213 (0.042)
D4 10 0.112 (24) 1.10 (0.70-1.70) 0.706 (44) 0.184 (0.114) 0.191 (35) 1.00 (0.50-1.50)  0.727 (23) 0.190 (0.059)
D5 10 0.118(0.028)  1.10(0.80-1.41) 0.766 (0.340) 0.208 (0.124) 0.058 (0.023) 2.2(0.8) 0.358 (0.166) N/A

Cmax and AUC in canagliflozin studies C2—C7, dapagliflozin studies D5, and ipragliflozin all studies, Ae values in all studies, and observed

Tmax in study D5 are expressed as means (SD) after the final dose.

Cmax and AUC in dapagliflozin studies D2—D4 are expressed as geometric means (CV%) after the final dose.
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Tmax values in canagliflozin and dapagliflozin studies other than the observed value in study D5 are expressed as median (minimum-max)
after the final dose.

Each study information is described in Table 3.

14UCo-48 v, "AUCo-72n, *Aeo—as n, “Aeo-72n, *4€0-120 .

N/A, not available.
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233 SGLT2 HEEOIRKMEEBRNEEY I —va Vv

EEE L 72 PBPK £ 7 V& W C, study C6 DM T CHEIRIEE ICAF 7Y 7
7YY 100mg % 8 HEIKE®RSEG L 2B RMIEEREN 2770 7uy VigEx
v Ialb—vavl7 (Figure 6a—c). JRIMIEERENOEYIRE X, % OHEHH
5% 4 HICITERIRBICEL TwB LEZ LN, EMRME R, Ly
5 S-1, S22, S3 KXy EI NG, AFT7 Y 7 ay VIREITARRED O OREEIC K
FLTHIML S-1<S2<83THhorz. #F27 ) 7uY v 300 mg #5050 Rl
EEPENIRE X, 100 mg BEGFRF e RNEREORBELZD LN, X7 Y 7
1 ¥ VL study DS DGFE T T 10 mg R GRORMEEENEEZ I 21—
= v L7 (Figure 6d—f). £%2'U 70y ORMEBEENEED, %5% 18
FILANICERIREEICEL T3 tEZON, hF 7Y 7rd v EREEKIC, RERE

2> & O FEHEICARTE L 723825580 b v 7z,

2.3.4 SGLTI2 [HEEROBRME IC I 5 SGLT1 KU SGLT2 [HER

SGLT2 D EFKIAFNITH % S-1 KU S2 1B WT, #F 7Y 7my vk
HREDEREN Y I 2L —v a VIRED OHEE L 72 SGLT2 D KHFEHRIZIZIE
100%CT& - 7= (Figure 6g,h). 100 mg #%5-RFIC 1%, % 54% 24 i £ < 70%LA I

D SGLT2 [HEZX %> TH D, 300 mg HE5HFICIE, 5% 24 FFE £ T 90%LA
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o SGLT2 FHEXR £ > T\ 3 L #EE X7z (Figure 6g,h). —J7, SGLT1 O F
FIERALTH % S-3 1IC BT 5 SGLT1 DI AHERIL, 300mg 5 KICHE W T
1% AR TH 5 LHEHE X (Figure6i). X370 7m0 VIZDOWThH, 10mg £
Ko SGLT2 i KHEFKIX, A7) 7u v L FMKICIZIE 100%6TH Y, S-3

ICF T 5 SGLT1 DR AKFHERIIH 0.1% L KW ETH - 7= (Figure 6j-1).

235 REHEEEEY a2 —vav

WS L 72 PBPK € 7 v & BRI E 7 Vv 2 A& D+ 72 PBPK/PD €7 L %
W<, #7270 72 vid study C6 DT T, ARG SR GREIC
B AREEEE DY I 2L —> 2 v E{T> 7 (Figure 7a). £37° ) 7ay
V1t study D5 ST CRIBEICY S 2L —v a v Z2EEL 7 (Figure 7b). KA
BHRICOWTIE, 225 HICFEE#HL7Z&FBY, PBPK €7 4Ty Ial—v 3
v L ZIRIEE N O EYIREH B 2 PD €T ADFK I v o3— b XV M ICHA
iAA7Z (Figure4). Study C6 XU D5 D W N DEERREIC B VT D, FHHIFEHK
SR, MAEHEZS 200 mg/dL %48 2 T2 & MK TEI 72 R BEHER 2SE 2 - ¢
BY, YIalb—vavTEnABHEINE, BRHABCIX, SGLT2 [HEHEK
S CIIER S8 X 0 AN IR & IRIFPEI 3B S T 2 23, [l

Aledicy I ab—va v FBRREG 2 HECE, MEE & REEHRIERE O B
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Figure 6 Pharmacokinetic simulation of luminal concentrations in segment 1 (S-1, a,

d), segment 2 (S-2, b, e), and segment 3 (S-3, c, f) of proximal tubules after repeated daily

oral administration of canagliflozin 100 and 300 mg doses for 8 days (a, b, and ¢) and of

dapagliflozin 10 mg doses for 7 days (d, e, and f). Simulation of inhibitory effects of

canagliflozin on the 8th day (g, h, and 1) or dapagliflozin on the 7th day (j, k, and 1) on

SGLT1/2 (% of control) in S-1 (g, j), S-2 (h, k), and S-3 (i, ) of proximal tubules.

Canagliflozin data are presented as means for 100 mg (dashed lines) and for 300 mg

(lines). Dapagliflozin data are presented as means for diabetic patients.
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Figure7 Observed (mean + SD, dashed lines) and simulated (bold lines) blood glucose-
dependent urinary glucose excretion rates in untreated subjects (blue lines) and subjects
treated with (a) 100 mg canagliflozin once a day for 8 days and (b) 10 mg dapagliflozin

once a day for 7 days (red lines).
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FAf EE

ARETIE, HBEEAZNRE L RGBT 3 T 2 MR IREHER & de 1Tk

S, AF Y 7a VRRE Y 7Yy D PBPK ETFALRERL 2. B

FRAMGE B EN DR % Tl 3 72901, B2 PRAIE & e, PRANE M B O

D3 AV NN—FrAVFTCHRLEFTETALTH B Mech-KiM # AL T,

—f%EYIC, PBPK & 7 UVHEERERIC MR RSSO 7 — 2 MR I NS 538, K

SHESC I EHERL I 2 de 10O W T h Y 2 2 L —3 a Yl Rl

T LETAMICLAZZEICED, BENCKRELZ&a vy X=XV D

BYREZ, XV EKEICTHlcE 22T v ot EZLNS. AWK TH

W7z G B OHEIPIC BT, AT & b ERREER C I R 8RS BRI 8RR

INTW3B, WL 7~ PBPK ET714I1E, AfEICBTFAY I 21— avitid

REATH 225, IHEHOFHMIERZ AR TR, FHCEH RS

5 YR A ER ofRat 2, RO LS 2 M4 5 |milnd » 2 I3 FEREREE &

FHEOFH AT E-0I1CE, Az vBlasg s> UDP— 2427 v v igiEl

i (UGT) 4 THOFE5XRDFHP, UGT IZ2 W T oAEMHEIERE HICE

MT22eB0ETHY, ZRICKIVEYICHETE 22T AVEENAETH

5 LERING.
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L - W#EA D PBPK 7 V02U MUEHED 72, 58, &SHFLY
Kol —vavoBRh 2 GEOMKRBEEREHCAREZE-L 72, 3
2 b —v a3 v LML RO de 13, SEKABOMBRLAETH -7
Zedb, WL PBPK €7 VOB 2R CE, HWE 3254 T T
JE X CRYIEEES L TR 3 ¢ E 2507 (Figure 5, Table4).

K& SGLT2 FHEHE 2 KIER OIS L 72D, IRMEERN (S-1-S-3)
DEYIEE L, RIRIE» O OMEEE & HITNT 2y I 2L —v a3 VEERME
bh7- (Figure 6a—f). ZIIIRMIE ICB T 3K OFRIICERT 2 L E 2 5
N, AEFREBRRERML TV 2 b0 LRI NE AF Y 7uY Y 100 mg
B 300 mg 5D PRAIE S-1 KO S-2 ik % SGLT2 HERIL, mATH
100%T® Y, 100 mg &5 1CH W THHREE 24 IR £ THI 70%LA ERHE 23R FF
ANbZEhb (Figure6g,h) , #5270 70y ORMEBEENEE X, %5
Wil 2@ L C, B SGLT2 % FHE L IRFEPRMEEE 283 D i 0 iR IC
LTCWaZEepRaInNiz, FRICE 7Y 702 v% 10 mg %5 L7ZBRICd
e 54% 24 WrfE % ©F 50%LA ERHEMREF S 7z (Figure 6j,k). L7235 T, JR
HRZALARPRIER 23K SGLT2 FHERE G AIC D, FRHERICEH W THE SGLT2
ZIIEEACHEL TEERBL T3 LRI NE. —F, S3 Itk 3

SGLT1 FHEXIAF 7V 7uay vy, Z7) 70 v eIl 1 %RBTH -7~
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(Figure 6i, 1). #7172V 7 v ¥ v |3 SGLT2/SGLT1 ;ERMEAME 23, BRRAE I
BT 5 SGLTI HEF R I AL rwEEzoNzZ b2, BKHECTHEHT
I IR A eI HE S NS Z &3 7Aa L, KDY 2 7 i3 {K» 2 & 28
AN W

EHIT, ZTTHRLNARMEEENO SGLT2 FHESREE %, Mo BHH
WINET v [18] xR L7z T VIC AL, SHCP &% F 72 BEIREER o 4 1
FEEIC 31 2 IRIEPEIEE 2 Pl L 72, BERREFICAF 7Y 7nd vdh v
&7 ) 7aY v e iKG L BEORBEHRIEE D> I 2L — v a VR
IRFEFR 12T —E(L, SGLT2 HFEF oG Ic X v, R oRfE» 7 7 2R
LV KSRz, BEMU Lo & oMEEIC 5T RIEPRE S EE T 2
LOEH I N (Figure 7). ThH OfER S &, PBPK €7 VTl X au7 kA
EEEN O YRS I Y TH 3 L E X b,

PD ET N TH 5 BEEHPINET V2T 21CH720, IRIEFRIOREZ X
DIEFEICY S aL—YavdakDic, #F-27) 7uy vIEREROET —
£ % T SGLT1 KU SGLT2 ICx 3% Kn % B L L72& &5, KnfElL in
vitro R CHE S N TV 2 8H (% 41.8, 49 mmol/L) [27] &Y dIKfEE 7 -
7o, B Kn XL, 0.1-10 5 CTREST 2 FEML 72 & 25 (Figure8), SGLT2 IC

X9 % Ko fEIZRBEPEI TP AN E 2 G52 2 T L 0RI NT228, 122 fFicko
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ELThyial—vav~DEBi/hEnweFEZLNE —J7, SGLTI I
W35 K fEld, #RETL Z2HFHN CRAPPEIEREICIE & A 8L KIT S e h o
2. s b L7z KnfizZ Wb 2 Lic kY, AF 707wy vy, ZX7) 7Ry
vOMEER S L BOBKRERY L OBELFHTES PD 7L E A
o7z, E7z, KHICOWTO01-10 5 CRENTZFEML 72 & 25, SGLT2 Icxt
T2 KABIZRIEHRINCEEE 2 I T 2 L 2R &, ZDETADEY O SGLT2
PHERE % IS 2 & & 23R X 7z (Figure 9).

LALofER XY, PBPK/PD €7 AMZfHT 5 2 Lic kY, AR E b
AR HERS CRIMER # IR 2 2 L 28T, I A H = X L 2 HRETAHE

THDILHmINs.
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(a)K,, for SGLT2/untreated (b) K, for SGLT2/canagliflozin-treated

% 250 7 = K, (simulated) Q 250 1
= =~ K,x0.1 (simulated) e
2 2004 T K,x10 (simulated) R S 200
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c ©
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= 0 . 5 0 -
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Figure 8 Sensitivity analyses for Km values for SGLT2 (a, b) and for SGLT1 (c, d) on
renal glucose excretion rates in the untreated group (a, ¢) and in the canagliflozin-treated
group (b, d) after repeated oral administration of canagliflozin (100 mg/day for 8 days) in

diabetic subjects (study C6).
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(@) K for SGLT2/canagliflozin-treated (b) K, for SGLT1/canagliflozin-treated
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Figure 9 Sensitivity analyses for K; values for SGLT2 (a) and for SGLT1 (b) on renal
glucose excretion rates after repeated oral administration of canagliflozin (100 mg/day

for 8 days) in diabetic subjects (study C6).
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RETE, AF7) 70V Vv REEZAZ) 7ay v oiEf@tEod % PBPK £
TAEREEL, PDETAEMAAGDE S ZLIC XY, ERRHBRRE O FRFEHRIH
G ialb—vaviAggic L7z, #EELZPBPK/PD ET7LICKY, AF 7Y
7u Y VTR R T/ SGLT2 % +oriclHE L, IREEFERCGEFR 2RI L
DRI 7z, B SGLT1 31z & A LTHES T, HHBINOERRHEITEL %

WZ e, RiFEZEZ LI WERTHBE EEZ LN
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B3E QSP EFTAICK B SGLT2 HEZRD/NGIC 17 5 FHEMEH

A 51 = X LR

F1HE

|

SGLT2 fHEH A > 7Y 7 v v v ik, ftho SGLT2 FHESE & ik L <, BfkilnhE
ER oMK L AWE S Tw S, BBREIELONERED Y 27K
TCTHdEWMEINTEHY [32,33], RRMHEDINH] 2.0 M E R E D HIFNIC S 72
MBAREEZ B LT3, AF 2 Y 702 300mg 2 %5 L 7-kEo, EHERA
BHOROI N3 —ZAHBLEE O AUC 13, F51% 0-1 KB <K 31%, 0-2 B
TH 20%(K 3525, —J5T 0-6 FffHl & TICIN T N7fR 7 v a — X B DT
X, 77 2R EHRTS5TI%ICELEE>T 03 [10,34]. 2DZeh b, Nag»rb
DN — RPN ZEIE X 2 23D 25 L3RRI N TEY, OB,
hoRFKRFEETH D SN TS [35,36]. ZDMEE LT, hF7Y) 7YYV
iXfth> SGLT2 PHESE & ik L € SGLT2/SGLT1 JERMEAME e G Em T &

225, /N SGLT1 [HEDE S S #EZ X /- [34].

KRETIE, NEPOLD TN a— RRIGEBIED A 51 =X Lk X ) ERNICHEE

57201, bbb va— XBRICHNT 2 AR ERMN S R T LSEH
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(quantitative systems pharmacology: QSP) E 7 /L& & L, 2 FUBHIRE EE D /I
W55 & DREPIN % & & 7=k 77 v a — REHER OFld Z afgic L7z, o
% 7 /L % human systemic glucose dynamics (HSGD) €7 v & #1172, HSGD %
TE, Tva— 20BN, G, BERINE PR ZRAELZETATH Y,
BHEEZORKCY DHEAMPINOER ZHAAL Z &ic kY, O 7 F v FEa
B (OGTT) &Y b HEFREKIOD-REAMAE (MTT) 1<k 5 Mg 7 =

— AREHR A EYNCHHTE 22T v 8 L=,

SGLT2 FHEZH O/ SGLT1 HEDFH S % L 0 TEHICHER T 2201,
SGLT2/SGLT1 &R0 Rz HhF ) vudy, ZxX7)gady, 475
7YV 7uyvo3FlEFRLEZ. 20k, A 7727 7Yy PBPK £7
VD7 ICHESRE L 72, SGLT2 HEFEE SR /NGB RENEYIRE % PBPK €7
MTEVsIarL—32av LT, /MESGLT] [HE®RE © Yl 21T - 72, [,
Ino IFEROEE LED MTT Kol 7 v a — REH X % HSGD
ETNMICED Y Iab—vavl, FEFPBERIME LA ICKITTHEICO N
TERMICHE L7z, £/, SGLT2 [HESKIC X 2 MTT Kol 7 v a — =
K FER IR 2, #3F /NG SGLT1 FHEDOHF SR L ERBIICHEE L2, X
bic, MmigEd 7 na — 2K TERICN 3 2, #E#lo SGLT1/2 [HERB L U0ET

WX T R — B DR % Fig L 7.
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H2i Tk

AREZEICE T 5 M&S Dt % Figure 10 I8 s, MigHh7ra—x, f vz
v, C-_7FF, EWR GLP-1 (aGLP-1), M ONEMER GIP (aGIP) @ 5 2Dl
ELEBOMEEE LI L T2 HSGD T VEAMABIL T, BB L AR HR D
HC, 5 DDMERE S T2 e UHKHER L, DPPIVIHERECTH 2 %227 ) 75
v &2\ 75 g-OGTT DEFIKAER [37] DA TH 72728, stepl LT, TD
BT — 2% LICANT A= R BREE LT, MTIT WIEETNVICT 5720,
step 2 & LT C-_7F Pzl 4 WELEOHEEHH 5 DPPIV [HEE T 4 U
7V TFVvREAF ) 7Yy OKR MTT [38] 7 — X2 Z W CTHE YT X

— 2 Bt L7z,

EYREX PBPK €7 V2 HWCTHEBI L7, ¥ Ialb—va VICIZEY DR
AL B 1T 2 IREAEECH 5. SGLT2 [HEHITEIRMEEEN LK/ NMGE
PEPRE 2 B L 7= NBERENIRERE L O 720 Il L 72 ADAM € 7 L Cl3,
+ 56 SR E CERBHIIICS v 7 A Y PICEILERL T3, SGLTI
mRNA OFBIF~ v AECE S TN E TR EVwEHREIN TS
[39], AEHFICD /NG EHCOBERINPEE CTHL LEZLNDL b, %

15 EER (Simeyp Tl jejunum [ & EF) ORYEEHERS % HSGD £ 7 MV ITHLAA
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DNGEENEE L LCERMA L. DPPIV [HER T2V 7Y 7F v ol

DPPIV [HE XM 7V a — 2@ B EST 2 2 LB EINTHwE 205
[40], DPPIV PHZEE RHEEZEN L -, B L -&EYEE % HSGD £

T AA R, g 7V a— RBEEZ Y I 2L —v g v L7z, KECHE
L7479 ) 7uayv® PBPK EF A7 6 NC HSGD 57 41E, wWwind &

a2l —voa VICHERT 2 ETCEEM: & RREE L 72,

PBPK model HSGD model

[ Model Development ] [ Model Development

@ [Step 1:

Model Validati Parameter optimization in
odel Validation OGTT

Step 2:

[ Simulation Parameter optimization in
MTT

Drug concentrations in
plasma (DPPIV inhibitors)
\ <

Drug concentrationsin | | ...eesseees™ .[ Model Validation ]
proximal tubules in kidneys e C
(SGLT2 inhibitors) N ™
o o Simulation
Drug concentrations in

lumen in small intestines
(SGLT2 inhibitors)

Plasma Glucose
concentration

Figure 10 Modeling and simulation flows of the physiologically based
pharmacokinetic (PBPK) model and the human systemic glucose dynamics (HSGD)

model as a quantitative systems pharmacology model. OGTT and MTT represent oral

glucose tolerance test and meal tolerance test, respectively.
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32.1 PBPK E7 )V

PBPK EFAMERE RS NICY T2 —vavicid, PBPK Y I a2l —3va vy
7 b v = 7 Simcyp Simulator(ver. 17, Simecyp Limited, a Certara company, Sheffield,
UK) ZHw/z. > 2270 7F v [41], 72V 270V 7Fv [42], hF 27 ) 7uy
v [43]) ROZ 7Y 7uy v [43] ZERD PBPK €7 L2 {EHL, 4 777

Y7 8a Y v IiHi7-IC PBPK ETF L 2 RESR L 7=,

A 7527 7uY Y PBPK &5 LRSS

A7Z27Y 7wy D PBPK £ 7 AT, #IRMNILS 5% (Table 5: study
1) MOHEROKSRE (study2) OFEREZMEH L2, 5523 2.2.1 JEH & [k
IZ, WIIC ADAM € 7V [21], A ICIE B D Mech-KiM [22, 23] %A AL
7= full PBPK &7 A%\, FHHID in silico, in vitro ® 5\ in vivo TE#HRIZ
PMDA Dg# 7 — % [44] [ ¥ ADMET Predictor(ver. 5, Simulations Plus, Lancaster,
CA, USA) i X V&2 Rt S 7z fE% 7z (Table 6). = Z37 v 3
Bro, 47727 70y vy oEREREKIE IV 0 VEETEATH Y [44], CLin
l% additional clearance & L C CLinuim WCEXEL T2, A 7770 7m0y v Tl3,
Rodgers and Rowland ® /5% [24, 25] IC X 2 #EE R AABEHWCY T2 —v

3 v L7z study 11 DIMEEHEEYRRERERS 23, BRRGERIC B 10 2 IREHES & —2 L
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500 fo. REMEDEZRN AT T 2 7 — X3S b Tz, SGLT2 fH
EHE o I A R HERS S OV R IR TR R R s O BERETALIREE & Tl 5 Z & i
AMRE & & 2 b7z 72 0, MR REHERS 23 —303 5 X 5 (AR I 43 B AR 2 (K)
scalar il b L, HMAEBELZE—ICHEL. 2o XT A —2135 2 &
2.2.1 JH® PBPK € 7 VA &[RRI /sl L 7-.
BELZETAEZHAV studyR 2> 22—y a v L, HEHEZEDL 7-.
Yial—vavTll, F¥alb—vay, $ERER T, BRUKUCREFSE
fre, BET 2R —83d, 103 ErIiar—vavilk &3
2L —va Vit XY REH L ZMEHIREH, PK X7 A —X KU de KT

— X2 L 7.

322 PBPKEFADNY F— gV

WE LA 772778 vD PBPK £TT VO ZYWMRTERT 2720,
study I3-15 DEERREICOVWTY T 2L —v 5 v &{To 7z, EFAHRMEEOMR
IRp L FARIC, ReaL—vay, BEER, i, BRI ORHESMSZ R
Bl —8&xd, 10 Booriar—vavaEMmL, BHRABREY I 21—
va v OMEHIRERER, PK X7 A —2 KW de ZHHEET 22 L1k, =5

NV DR % HERE L 72
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Table 5 Clinical studies used to develop the PBPK model of ipragliflozin.

Duration of Age )
Study Dose (mg) o n % Female Subjects
administration (years)
I1 25 iv for 1 hour 42 (12) 14 43 Caucasian
12 100 Single 42 (12) 14 43 Caucasian
13 30 Single 24 (4.9) 6 0 Japanese
14 50 QD for 7 days 30 (5.6) 8 0 Japanese
I5 100 QD for 10 days 38 (11) 6 0 Caucasian

Age is expressed as means (SD).

All studies were described in [44].
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Table 6 Clinical studies used to develop the PBPK model of ipragliflozin.

Type Parameter Value Source/comments
Ipragliflozin
Physicochemical Molecular weight (g/mol) 404.45
LogP 3.38 ADMET Predictor
Compound type Neutral ADMET Predictor
B/P 0.685 [44]
Jup 0.042 [44]
Absorption Petr (107 cm/s) 5.92 Parameter estimation.
Solubility (mg/mL) 0.09 [44], applied bile micelle solubilization
Precipitation model Model 1
Full PBPK model using Rodgers and
Distribution Vdss (L/kg) 1.35
Rowland's method
K, Scalar 0.3 Predicted by Simcyp
Elimination CLi (L/h) 10.9 [44]
CLin v (LL/min/mg protein) 78.8 Calculated by retrograde model
CLr (L/h) 0 [44]
CLpp (mL/min/million proximal
1.5 x10* Sensitivity analysis?
tubular cells)
The geometric mean of calculated from
Inhibition K; for SGLT1 (nmol/L) 2176.1
the three reported ICso [45-47]
K; for SGLT2 (nmol/L) 4.5 Same as above
Canagliflozin
Physicochemical Molecular weight (g/mol) 444.52
Jup 0.017 [43]
Inhibition Ki for SGLT1 (nmol/L) 770.5 Reported K; [16]
The geometric mean of reported K;
K; for SGLT2 (nmol/L) 1.83
[16,26]
Dapagliflozin
Physicochemical Molecular weight (g/mol) 408.87
Jup 0.09 [20]
Inhibition K; for SGLT1 (nmol/L) 810 Reported K; [20]
Ki for SGLT2 (nmol/L) 0.55 Reported K; [20]
Sitagliptin
Physicochemical Molecular weight (g/mol) 408.87
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Sup 0.09 [41]
K; for recombinant human DPPIV

Inhibition 8.9 Reported K [48]
(nmol/L)
Enax 0.363 Predicted by HSGD model
Teneligliptin
Physicochemical Molecular weight (g/mol) 426.58
Jup 0.207 [42]
K; for recombinant human DPPIV
Inhibition 0.406 Reported K; [40]
(nmol/L)
Enax 0.528 Predicted by HSGD model

ACLpp was calculated based on the assumption that CLpp at apical membranes equals that
at basal membranes.

®It was calculated using the Cheng-Prusoff equation. Details are described in 3.2.3.

B/P, blood-to-plasma partition ratio; CLin, intrinsic clearance; CLiy, intravenous
clearance; CLpp, passive diffusion clearance; CLR, renal clearance; Emax, maximum effect;
fup, unbound fraction in plasma; HLM, human liver microsomes; Kj, inhibition constant;
P, octanol/water partition coefficient; Pefr, effective permeability in humans; Vdss,

distribution volume in steady state.
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3.2.3 HSGD EF LV OREE

HEEE L 72 HSGD €7 VO % Figure 11 IC/R 3. KRETLIE, Noguchi b I
X 3BEAMET L [49], Moller HIC X BGED S D 7N a—ZRINE T v
[50], Moller & X T DallaMan 51C X % 4 ¥ 2V v CHER € 7 v [50,51],
Pacini HIC X 54 v 2 U Y{ERHE 7 v [52], Toffolo HIC X % C-_7'F N b
T [53], FH2ETHWAZBEHEHERIE TV [43] 25EFI1, Jra—xo/h
W, A3, BRI RPN Z A Lz e P 2g v a —REREE T LT
H5. T NOHFT, SGLT2 HFZ LA RME L O/NMEICH T 5 SGLT12 %
FHE S 2 X 5 ICEE L7z, DPPIV [HFEIIL, MK ICHE g il oo 4 v
2 vk lEET 2 tE R LEYCH B AL v 2 L F v (GLP-1 KU GIP) %
2o R B85 DPPIV 2 [HE L ¢, IMAHE TIERZ b 72 6 7 3FIcH 3.
L7235 T, DPPIV [HEHIZE T LD H T GLP-1 LU GIP DI K#ERE % HEF
% X O ICEOE L7z, SGLT2 [HFE S O IRME BN IREEHER X, %62 & 2.2.5HT
L7z BYIcETMVICH AL (Figure4). BEF D PBPK £ 7 L% w721t
aPicownTid, HSGD €7 VAT L 72-¥7 X — X % Table 6 ICFCHI L 7-.
A777)7mY v Ao KHERDSGLT1/2 % % i3 DPPIV O HEEH(K)
FREROME % -, B OMEMESEIET 2 50 1R MAFEEEZ V2. 475

7 7u YYD KEIRHREDR LD 2 72728, [Cso IEHE [45-47] MO Kn[27] 7
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& Cheng-Prusoff D [30] ZHWCHH L, R TVHEEZ 7z (Table6).
HSGD £ 7V iE, BREBCHE S n-fEhsrva—x, £ v 2D v, C-~2
7'F F, aGLP-1 JL U aGIP @ 5 D DHIELRBDRERHER & —8 5 5 X 91T, 2 &
BET T R —RFHERFEML 7z, Stepl TIE, BKOGTITILE T3 771+, ¥
270 7F v 25 mg U 200 mg % 5-FF (Table 7: study S1) D7 — £ % F W CJd]
RE T RXA =2 T 4 v T 4 v 7 %{To7. Step2 Tl, step 1 Thit b L 7213
D%, AMIT CO7Z%R, 74V 7V 7Fv20mg, KOAF7Y7my
¥ 100 mg 50 (study T, C) DT — X 2HWCREKE7Z 4 v 574 v 2Zic kY oS
T A =X it L7z, BBt DFHELIC 1T Levenberg-Marquardt 5 GERRE /I
Z3Ek) H\Ww/z. HSGD €7 AMER 'Y I 2L —v a VITiE MATLAB,

ver. 9.7.0 (The MathWorks, Inc., Natick, MA) Z{#ifH L 7=.
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Figure 11  Structure of the quantitative systems pharmacology model of human

systemic glucose dynamics (HSGD model). GR, glucose relative function; RAG, rapidly
available glucose; SAG, slowly available glucose; Gext, glucose-equivalent of the
carbohydrate-rich food ingested; aGLP-1, active glucagon-like peptide-1; aGIP, active
glucose-dependent insulinotropic polypeptide; GFR, glomerular filtration rate; ki, neural
signal rate constant; ko, absorption rate constant; ks, transit rate constant; ko1, ki2, and ka1,
transfer rate parameters; st3GLp-1/Gip, stimulation factor of GLP-1/GIP production by early
signal; st4GLp-1/G1p, stimulation factor of GLP-1/GIP production by late signal; kingrp-1/Gip,
formation rate constant of GLP-1/GIP; koutcrp-1/G1p, degradation rate constant of GLP-
1/GIP; al and B1, parameters for glucose; hl, threshold for glucose; ®q, intensity
parameter of GIP; a2gLp-1 and B2GLp-1/G1p, parameter for GLP-1/GIP; h2Grp-1/Gip, threshold
for GLP-1/GIP; vg, distribution volume of glucose; v¢p, distribution volume of C-
peptide; vins, distribution volume of insulin; ®ug, hepatic metabolic rate constant of
insulin; n, rate constant of insulin disappearance; Si, insulin sensitivity; kks, time delay
parameters for remote insulin; Sg, glucose effectiveness; GLCy, reported glucose
concentration in each literature; kb, excretion rate constant; PCT1-3, PCT4-6, and PST1-
3 were defined according to segments 1, 2, and 3 of proximal tubules, respectively. Solid

and dashed lines represent the flows of glucose amount (squares) and signals (circles),
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respectively. A; (i = 1-7) and S; (j = 1, 2) represent the compartment absorption structure
of glucose and the first- and second phase stimulation signals, respectively. Zgrp-1/Gip
represent the signal compartment of GLP-1/GIP. Observed states which were glucose,
insulin, Cpeptidel, aGLP-1, and aGIP, are shown in closed box. Details of each parameter

and variables are provided in Table 9 and 10.
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Table 7 Clinical studies used for modeling and simulation with the HSGD model.

Study Drug l(jn(:; aclljr;lirr?g?; t(i)cfn toleGrlalllnccoeSft:es ¢ Measured parameters Subjects References
Model construction
Si SITA 25,200 single OGTT G;gigs,"a%ﬁ;p’ Caucasian [37]
Ty TENE 20 4 days MTT GLC, INS, aGLP-1, aGIP Japanese [38]
C CANA 100 4 days MTT GLC, INS, aGLP-1, aGIP Japanese [38]
Model verification
Su SITA 50 3 months MTT GLC, INS Japanese [54]
Tn TENE 20 3 days MTT GLC, INS, aGLP-1, aGIP Japanese [55]
Cu CANA 100, 300 26 weeks MTT GLC, INS, Cpep Caucasian [56]
Di DAPA 5 12 weeks MTT GLC, INS Japanese [57]
I IPRA 50 123 \;szzlliss’ MTT GLC, Cpep Japanese [58]

HSGD, human systemic glucose dynamics; MTT, meal tolerance test; OGTT, oral glucose tolerance test; T2DM, type 2
diabetes mellitus; GLC, plasma glucose; INS, insulin; Cpep, C-peptide; aGIP, active GIP; aGLP-1, active GLP-1; UGE,

urinary glucose excretion; SITA, sitagliptin; TENE, teneligliptin, CANA, canagliflozin; DAPA, dapagliflozin; IPRA,

ipragliflozin.
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324 HSGD EFADARY)F—aVv

EEPREAER (Table 7: study Sy, T, Ci, D, I) D7 — X % Fl\»C, HSGD & 7 /LICHE
Alzgkb Lz 2olEhsrra—REZIICD L T2 5 MELBOHHNE
R L7, FEBICOWT, BFEAMBEOR—ZA T4 vh b o KREELZH
HL, 77 e RBECNT 2 8BARGHOLICOWT, ¥ IaLb—va v EKRT
— 2 D% L 7=, 72, HSGD 7 413 MTT B2 HI 3 7=o1c, KK
LY D AL RIGEFE % Z /K L T 5. HSGD £ 7 A2 & RAKALY) D LRI E
BENLIZzeET A 2T, MiEfh 7 v a - BEHB L, hF 7 ) 7ry Vi
X 2/05 SGLT1 HERORIFHER 2L IaL—vavl, v 1al—vavic

BB OBEEORELERL /-,

325 REAMZROMEBF IV a— B ICT 5 SGLT2 HEROHE
EFAEBRE L OHEEEORF LSO T2 —va vid, UTIRTH—
L7-3RER 7Y 4 v CEM L 7. PBPK &7 %M AAER, Bkt 11, {FK
L 7z virtual #85% 10 3A5%, 1355720 10 fl. HSGD €7 : BFEI/ L a—R

75g (Fha—2BoEEOHF %2R ).

#ZHRA KGRI, MARKIKGELZEUREL L. bbb, A7V 7
2y 100mg MO 300mg, X327 ) 7uay v 10mg, 4 7770 782 100mg
25 L, 5 EZD MTT I8 2 115EH 70 a2 — ZREHER 1T 3 2 %2857
Dy Ial—vavliik MERIIVa—-REHEELRT T A2

LT s %%mﬂ%qj 7‘\}1/ a—XA 2)%}3% (Cmax,glc> s Cmax,glc %”%H#ﬁfﬁ (Tmax,glc> & U\J:ﬂl
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Berp 7 o — ZREER AR TR (UCh) ZE L 72, AUCy 13, BFEARM
B MBEHEINZIETEHIREICR 2 L £ 20N 5 0-8 FiHlOHFHT, v IalL—
vaVERICEHDSERIFIEICLVER LA, X7 A-203EHKE L T T7x
R EDE (ACmaxgles ATmaxgle X FAAUCy.) % SGLT2 PHEHM CE L 7. [
fFF T PBPK £ 7 VI & 0 B L = & H o/ NEEENEERERS 2 v, 52
B 224IHD (4) XA /0 SGLT1 FAER AT H L2, /WMETIE, Vo ldBEHR D
Knfl [27] ZFHWCTEHL, /WNNBEEND [S] (1,670 mmol/L) 1%, 1tk
DR B (Zva—R75¢250mL) 2313 & A &z < /NG LEE D SGLT1

WKERELTWE E W REDD L ICHEH L 7-.

XiT, SGLT2 FHFEFE O BRIMBHE T ERICN 32, &R UM SGLT12 DF
HZWHO»ICT 57200, TiloFEM T cHEARGERICESR AR L 725
D, $251% 8 KT comigdh /v o — R EEHB Y Ial—va v LT,
Case | : SGLT2 HEHE Z##5 L 7256 (control), Case2 : SGLT2 HEHK % %5
L7=%%, Case 3 : SGLT2 FHFE I G ic, HAIDOE SGLT2 HEFEEH O & * ¥
YeNT v b L7zgE, Case 4 @ SGLT2 FHERL GHREIC, 3KH| 0B SGLTI FHE
FRDO A% v v 2T v b L7BE, Cases: SGLT2 FHEH SR IC, FEHID /)
% SGLT1 FHEFHDO A F ¥ v AT 7 F L72HE. Crnax, g XY AUC ICX T 5
& SGLT2, B SGLT1 Kk U/M& SGLT1 D& 5 %, ZiZ 4L Case 3, 4, KU'5
DFEMETTUTORICHE > TR L 7=,

ACmax gic(Case 2)—ACpax gic(Case X)
ACmax(Case 2)

x 100

Contribution ratio to Cpax g1c in Case X (%) =

AA4UCy(Case 2)—-A4UCgc(Case X)

x 100
A4UCy(Case 2)

Contribution ratio to AUCg. in Case X (%) =
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ACmax,glc (Case X) = Cmax,glc,Case 1 Cmax,glc,CaseX

AAUC(Case X) = AUCglc,Case 1—4 UCglc,Case X

SGLT2 FHE 3 o B T 7EH 1%, B SGLT1/2 )X /I SGLT1 D HEER 0 &
B3 100% & 72 % X S ICIERIL L 72, BEFEEN/NEICE T 5 70 a— 2RI
BEE525LE20N779, 50-100 g O 7L a—ZABREEOIMEEZ Va2 — 2

RE % AT ICHERD L 7=.

oL, hFZ7Y7avy 300 mg ¥5KED SGLT1 X9 % K (Kisouri,
1 nmol/L—1 mmol/L) & TF SGLT2 iIcx3 % K; (Ki sgitz, 1pmol/L—lumol/L) iCD
W, Crmaxgles Tmaxgle X O AUCq (S 3 B E T 21T 572, £/, v — ik
FESHT & LT, SGLT2 FEH M O 7' 7 ¢ R & LFEFNICI S L 2RI, % HSGD
ETNNT A= R 5% DIBENE A TRED, Crmaxgles Tmax, gle KT AUCqe 1253
DIKEEHETE Lz, I, 7a— oSV KBS L LT, 87 2 —% (1 Jil)
D IEHI AR ICFH DT Monte Carlo simulation IC & Y BEj N7 X — Xt v  ZA{F
JX L, Spearman DNAMHHBIMRE Z FH L 72, ZHEILEMRIE ICH T % family-wise
error % % JH%3° % 72 ® Bonferroni D /7i51C X Y #fiIE L 72 Spearman D IEA7HHBA (%
BDpfED p<0.05 &5 A =R HER N7 XA =X L L7, Cougle Tmaxgle
B AUCy W33 % AR Bk IREEE (GFR) O&Z M, 77 27) 78 v 300 mg

&5 T CRHi L 7-.
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EIH R

331 47527V 7uY v PBPK €5 VO

A7 270 7mYvd PBPK T %, HEEIRA S K OB a1 5% 55
IRFAERIE (Table 5: study 11,12) D IMBEFREHERE MO de IO EREFEL 2. €
TN T X — X% Table6 ICR" Y. 321 THTRIHE L 7z X 5 1c, HEEHMEEICE T
LNRMEHBH 2T XA =2 INKRMEERHAL, #EXH O5E R T A —
I Z OBEERA Lz, K7V T 7 VA CLingmm &, RN GKED CLiy
KO CLr 2> L RTIE D EHEZE # &8 L T back-calculate IC X WV kKo7~ 4 777
Y 7wy Clt, Rodgers and Rowland D 7k [24, 25] 1T X 2 H#EXE 70 i A 03 8
WChholzTzd, MFEFREHERL DT 5 X 5 IC K, scalar Zi#E{L L, 0.3
ICEXIE L 7z (Table 6). Peir & CLpp 1%, Simcyp ICHE# X 41T > % parameter estimation
BH %\ T sensitivity analysis BEEE % F W C, BRRRER O 7 — 2 2 b L ICma#E{L L,
ETNNT A —REHEE L 7=,
EELZETAEZHAWT, study 2 OMRFEEHBE R N e Y 2L —
av L, EYBRE T A —X KN de H@EMHE KT L2128y, HHMER
2 L 7z, Study 12 O MAFFREHERL IR HMEM E —H L TEY, Crnaxv Tmax
AUC B O F¢ 55:-4% 24 5T £ T D Ae 13, BRRIREED 0.7-1.2 %5 TH - 7= (Figure 12a,

b, Table 8).
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332 477277970V PBPKETADANY F—v a v

PBPK E 7V DB # MEE S 2 72012, study 3-15 DERKRERICOWT, #
BLEETAZHGEY T2 —va v ETY, BERLAEYBRESS 2 —%
REERMEMEE IR L2, A 75270 70y vy RS8R AEE study 12 2> 5
ZHELTHREG L7256 (study 3) DMUEHIREHER & Rl 54 24 I £ T
Ae |ZFEIRHEM & 1218 —3 L Tk Y (Figure 12¢,d) , X Ik 5-8, %5 0K %
EHL-56D, WKREMEZHERCE 2 (Figure 12¢-h). 72, £y Izl —
v av®dD PK NTA=ZRY de I NDERREMD 0.6-12 f5THY
(Table 8), AET Vi, HEHAM, HEMONRERICH DO T, HKHAER

AR AR OB 22T A TH DL LEZ LN,
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Plasma Concentration Urinary Excretion
ng/mL m
(a) (ng/mL) (b) (mg)
1

Figure 12 Simulated plasma concentration—time profiles (a, c, e, and g) and cumulative
urinary excretion (b, d, f, and h) after single (a—d) and the final dose (e-h) of ipragliflozin
in four clinical studies. Single oral administration of 100 mg/day (a, b; study I2) in
fourteen Caucasian, single oral administration of 30 mg/day in six Japanese (c, d; study
I3) , repeated oral administration of 50 mg/day for 7 days in eight Japanese (e, f; study
14), and repeated oral administration of 100 mg/day for 10 days in six Caucasian (g, h;
study I5). Data are presented as means (lines) and the 5th and 95th percentiles (dashed
lines). Observed data are presented as means (solid circles) = SD (b, c, d, e, f, and h) or

means (a and g). Details of each study are provided in Table 7.
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Table 8 Comparison of estimated pharmacokinetic parameters for ipragliflozin based on its PBPK model with observed ones.

Simulated data Observed data
Dose
StUdy (mg) Cmax Tmax AU C0724h A30724h Cmax Tmax AU C0724h A30724h
(ng/mL) (h) (ug'h/mL) (mg) (pg/mL) (h) (ug'h/mL) (mg)
12 100 1.15 (0.270) 1.18 (0.37) 9.27 (3.71) 1.13 (0.68)° 1.41 (0.338) 1.50 (0.88) 8.18 (1.25)* 1.17 (0.300)°
I3 30 0.396 (0.089) 1.01(0.24) 2.95 (1.32)* 0.33 (0.17)° 0.524 (0.103) 1.58 (1.11) 2.85(0.373)*  0.355 (0.065)°
14 50 0.705 (0.171)  1.13(0.31) 5.65(2.76)°  0.549 (0.336) 0.976 (0.188)  1.25(0.38) 4.69 (1.07) 0.677 (0.139)
I5 100 1.20 (0.312) 1.23 (0.34) 8.69 (3.67) 0.886(0.479) 1.31(0.333) 1.50 (1.26) 7.50 (1.37) 1.10 (0.260)

Data are expressed as means (SD) after the final dose.
Each study information is described in Table 7.

SYUCo-72 1, PAUCo-48 1, *Aeo-72 1.
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3.3.3 HSGD EF L OREE

HSGD €7 VD37 X — X % Table 9, JREEZEL D W% Table 10 IC/R T
HSGD & 7 Vi3, £ 7 AREEICE W T, K OGTT O 7 — X % H v 7z i {t step 1
B LUK MTIT O 7 — 2 2 W 7 falifl step2 D 2 BRE T T A — X 2 PE L
72728, EASHICEREIL L 72 step % Table 9 @ determining step ¥/ ICEC#L L 7=.
Step | R THRFDET AL TstudySiZ Y I 2L —va v L7FER% Figure 13 IC/R8 L
72. OGTT BT 5 7 7 2 FHED S MELBOREHE L I 21— a vid,
IREREME & 121T—3 L 72 (Figure 13a—e). v X270 7F v 25mg & GHICH T
IZ, aGLP-1 X U* aGIP BEMEDOFH L Y EWHEFICT T2 —vavdIn
7223, EEDOWY + EEEE (SD) OHIBEINTH Y (Figure 13f+), &% 7
Y 7F v 200 mg HEGHEICEWTH RKOMHER 250 b7z (Figure 13k—o).
Step 2 I THRDORKET A Z VT, study Cr R T2 DWT 5 HIEERBDIENE
WEzsIalL—vavlizbtlsd, Z77FfickdaiEhsrva—=x, 4
v ZY ¥, aGLP-1, aGIP D 4 D> I 2L — 3 Vi (Figure 14a—d) 1%, F
R ED Y +SD OHFPHICA->TE D, 74V 70 7F v 20mg %58 E X

CAF 27 ) 7u2 Y 100mg HE5HICEBWTHRKETH 72 (Figure 14e-1).
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334 HSGD EFTADANYF—3av

WEE L 72 HSGD £ 7 V%A L, studySn, Cu, Tu, D, LiIZ2OWT, 2%
NORERSEMFICHEDINT 5 WEEKEY IaL—vav ik FEELEBICD
W, R=Z 74 v oDZBEEHL, 77 v RO LRI T 5 HAIK
ERoE{tEOHE, v Ial—va v eRT— 2 CHELL 72 (Table11). >
lal—va v THOLNEZZ{LEDIZ, studyTi DA v XY v (2431%5) B
Lstudy 1 D C-=7'F F (031 %) LAkL, BRT—22r08 B Sz 0.5-
2fELANTH 572, 72, HSGD & 7 MICHAIAA T B R D IH LG
BIZOWT, ¥Ialb—vav~OgELHERST 5729, HSGD €7 V1926 2 D
WBREENLZETAMICEZ Y I 2L —Y 3 Y %EfT\W, HSGD EF AL EH Wy
lalb—va v L%Z (Figure 15). R OHECTIIGEFRE %S L 72T
VT, 772 RORH I NV I —RREE, HSGD ETMICE ¥ Iab—v 3
viDdEEICERL, XY EEERRLZ (FigurelSc). £/, #F-7 ) 7uy
VI X /05 SGLT1 EEH D LA H 17 b (Figure 15a, b), ERK CHERR

ENTWAF T 78 Y VICE D Thage ERAEAIZHA L7 (Figure 15d).
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Table 9 Parameters of the HSGD model.

Optimized

Determining

Parameters Unit Initial Set Value CV (%) step? Description References
k1 min’! 0.0566 0.049 39.7 Step 2 Neural signal rate constant [50]
k2 min’! 0.0359 0.060 43.8 Step 2 Absorption rate constant [50]
k3 min’! 0.0962 0.045 32.0 Step 2 Transit rate constant [50]
kin_glp1 pmol-L!-min’! 0.137 0.354 44 .4 Step 2 Formation rate constant of GLP-1
kout_glp1 min! 0.347 0.164 45.2 Step 2 Degradation rate constant of GLP-1 [59]
st3_glpl 104 mg"’ 2.00 3.26 45.9 Step 2 S;‘:;ﬁ?‘;grfzftor of GLP-1 production 5,
st4_glpl 104 mg"’ 0.476 2.25 34.6 Step 2 SS‘E;‘;astii;’Eaﬁa“‘” of GLP-1 production 5,
k01 min’! 0.064 0.157 29.9 Step 1 Transfer rate parameters of C-peptide [53]
k12 min’! 0.051 0.047 24.6 Step 1 Transfer rate parameters of C-peptide [53]
k21 min’! 0.053 0.224 43.6 Step 1 Transfer rate parameters of C-peptide [53]
alphal min’! 0.14 13.9 43.5 Step 2 Parameter for Glucose [53]
betal 10 min’! 20 29.5 32.8 Step 2 Parameter for Glucose [53]
bl mmol-L 392 332 NA Eélsrglsllllz?tleddf\?;l%leufr? ZZch literature)
phid - 200 172.4 36.1 Step 2 Intensity parameter of GIP [53]
alpha2 glpl 10-3-min’! 0.14 6.59 47.2 Step 2 Parameter for GLP-1 [53]
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beta2 glpl

h2 glpl

phiHE

n

vep

vins
Sg
Si

kk3
vgle

INSb

GLCb

beta2 gip
h2 gip

kin_gip
kout gip

min’!

pmol-L!

1073-min™!

10"+ (pmol-L-1)!
min’!

L
pmol-L-!
mmol-L-!

min’!
pmol-L-!

pmol-L!-min’!

min’!

0.4

2.235

0.54

0.19
3.9
9.2

10

0.025

12

46.5

8.78

0.4

8.8

1.64
0.139

0.752

1.98

0.685

0.596
3.9
9.2
8.86
1.07

0.218

12

43.6

9.95

0.141

3.85

0.409
0.115

353

17.0

38.5

53.2
43.6

34.7

54.0

414
39.4
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Step 2

NA

Step 1

Step 2
Fixed
Fixed
Step 2
Step 2

Step 1
Fixed

NA

NA
Step 2
NA

Step 2
Step 2

Parameter for GLP-1

Threshold for GLP-1
(Estimated value in each literature)

Hepatic metabolic rate constant of
insulin

Rate constant of insulin disappearance
Distribution volume of C-peptide
Distribution volume of insulin
Glucose effectiveness

Insulin sensitivity

Time delay parameters for remote
insulin

Distribution volume of glucose

Baseline insulin concentration
(Estimated value from each literature)

Baseline plasma glucose concentration
(Estimated value from each literature)

Parameter for GIP

Threshold for GIP

(Estimated value from each literature)
Formation rate constant of GLP-1

Degradation rate constant of GLP-1

[53]

[53]
[60]
[53]
[49]
[61]

[62]

[63]



st3_gip

st4_gip

hill
pGi

SAG

taudg

kw2g

kGR

Trag
Tsag
tausag
kO
kx

VmaxSGLT2

10-3-mg!

10-3-mg!

g/portion size

g/portion size

107
min
min

min

pmol/s

4 3.16 34.8

0.08 1.27 325

0.722

51
31.1
8.4
100

0.71

1.80

4.22
21.1
20
0.586 26.4
0.069 349

4.33
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Step 2

Step 2

Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed

Fixed

Fixed
Fixed
Fixed
Step 2
Step 2

Fixed

Stimulation factor of GIP production by
early signal

Stimulation factor of GIP production by
late signal

Glucose absorption ratio (from intestine
to inside the body)

Hill coefficient
Glycaemic index
Rapidly available glucose
Slowly available glucose
Gastric emptying delay

Constant to calculate carbohydrate from
the mix meal

Constant to calculate carbohydrate from
the mix meal

Time-constant of RAG
Time-constant of SAG

The delay time of SAG absorption
Transit rate constant of Gex
Transit rate constant of Gext

Maximum velocity of Glucose transport
activity for SGLT2

[50]

[50]

[50]
[49]
[64]
[64]
[64]
[49]

[49]

[49]

[49]
[49]
[49]

[43]



KmSGLT2K

VmaxSGLT1

KmSGLTIK

KmSGLTI1I

GFR

VPCT1

VPCT2

VPCT3

VPCT4

VPCTS5

VPCT6

VPSTI1

VPST2

umol/L
umol/s
pmol/L
pmol/L

L/min

3462

1.85

102.6

4900

0.12

0.00756

0.00756

0.00756

0.00756

0.00756

0.00756

0.00648

0.00648
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Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Michaelis constant for kidney SGLT2

Maximum velocity of Glucose transport
activity for SGLT1

Michaelis constant for kidney SGLT1

Michaelis constant for small intestinal
SGLT1

Glomerular filtration rate

Water volume in proximal tubules
compartment 1

Water volume in proximal tubules
compartment 2

Water volume in proximal tubules
compartment 3

Water volume in proximal tubules
compartment 4

Water volume in proximal tubules
compartment 5

Water volume in proximal tubules
compartment 6

Water volume in proximal tubules
compartment 7

Water volume in proximal tubules
compartment 8

[43]
[43]
[43]
[43]
[43]

[43]

[43]

[43]

[43]

[43]

[43]

[43]

[43]



VPST3

VUB

KPCT1

KPCT2

KPCT3

KPCT4

KPCT5

KPCT6

KPST1

KPST2

KPST3

KUB

0.00648

0.2

0.926

0.852

0.778

0.704

0.630

0.556

0.482

0.408

0.334

0.139

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Fixed

Water volume in proximal tubules
compartment 9

Water volume in urinary bladder

Filtrate flow rate in tubular lumen in
proximal tubules compartment 1

Filtrate flow rate in tubular lumen in
proximal tubules compartment 2

Filtrate flow rate in tubular lumen in
proximal tubules compartment 3

Filtrate flow rate in tubular lumen in
proximal tubules compartment 4

Filtrate flow rate in tubular lumen in
proximal tubules compartment 5

Filtrate flow rate in tubular lumen in
proximal tubules compartment 6

Filtrate flow rate in tubular lumen in
proximal tubules compartment 7

Filtrate flow rate in tubular lumen in
proximal tubules compartment 8

Filtrate flow rate in tubular lumen in
proximal tubules compartment 9

Filtrate flow rate in tubular lumen in
urinary bladder

[43]
[43]

[43]

[43]

[43]

[43]

[43]

[43]

[43]

[43]

[43]

[43]
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% Step 1 was entered for parameters determined in step 1, step 2 for parameters determined in step 2, and Fixed for fixed parameters. In step
1, simultaneous parameter fitting was performed using data of three groups, including placebo, sitagliptin 25 mg, and sitagliptin 200 mg in a
clinical OGTT [37]. In step 2, simultaneous fitting was performed using data of placebo, teneligliptin 20 mg, and canagliflozin 100 mg in a
clinical MTT [38] with pre-run conditions that maintained a steady state (initial conditions) for 2 hours before dosing and food intake.

All CV% values of optimized model parameters were calculated from distribution of acceptable HSGD models. These acceptable models
were selected good-fitness HSGD models, under 3.55% of mean error from experimental data, from random generated population model for
parameter ranges of —90% to +90% from optimized values.

-: dimensionless

NA: not applicable
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Table 10 Initial values of state variables in the HSGD model

Parameters Unit Value Description
GLC mmol/L 10.0 Glucose, MTT placebo mean value [38]
INS pmol/L 43.6 Insulin, MTT placebo mean value [38]
AGLP1 pmol/L 20 é%t]ive GLP-1, MTT placebo mean value
aGIP pmol/L 3.9 Active GIP, MTT placebo mean value [38]
CP1 pmol/L 867.5 C-peptide, OGTT placebo value [37]
Al - 0 Signal transit compartment
A2 0 Gastrointestinal transit compartment
A3 0 Gastrointestinal transit compartment
A4 - 0 Signal transit compartment
A5 - 0 Signal transit compartment
A6 - 0 Signal transit compartment
A7 - 0 Signal transit compartment
S1 - 0 Signal transit compartment
S2 - 0 Signal transit compartment
CP2 - CP1 * k21/k12 Signal compartment of C-peptide
SRs - CP1 * k01 Insulin secretion rate
ZGLP1 - 0 Signal compartment of GLP-1
XINS - 0 Signal compartment of insulin
ZGIP - 0 Signal compartment of GIP
GlcExcret ug 0 Excreted glucose
GlcReabs ug 0 Reabsorbed glucose
GIcPCT]1 ug 0 i}olrli;:poasret rrriz‘; ?rlnount of proximal tubules
GIcPCT2 ug 0 i}olrli;:poasret rrriz‘; ?rznount of proximal tubules
GIcPCT3 ug 0 i}olrli;:poasret rrriz‘; ?r?flount of proximal tubules
GIcPCT4 ug 0 i}olrli;:poasret rrriz‘; ?rjlount of proximal tubules
GIcPCTS ug 0 Glucose net amount of proximal tubules
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GlcPCT6

GIcPST1

GIcPST2

GlcST3

GlcUB
Xragl
Xrag?2
Xsagl
Xsag2

Gext

ug

ng

ng

ng

ng
mg
mg
mg

mg

mg

S O o o O

Glucose net amount of proximal tubules
compartment 6

Glucose net amount of proximal tubules
compartment 7

Glucose net amount of proximal tubules
compartment 8§

Glucose net amount of proximal tubules
compartment 9

Glucose net amount of urinary bladder
Amount of rapidly available glucosel
Amount of rapidly available glucose2
Amount of slowly available glucosel
Amount of slowly available glucose2

Glucose-equivalent of the carbohydrate-rich
food ingested
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Glucose Insulin C-peptide Active GLP-1 Active GIP
(mmol/L) (pmol/L) (ng/ml) (pmol/L) (pmol/L)
(b) (

(a) (d)
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Figure 13 Simulation of plasma concentration—time profiles of glucose (a, f, and k),
insulin (b, g, and 1), C-peptide (c, h, and m), active GLP-1 (d, i, and n) and active GIP (e,
J, and o) after the final dose of placebo (a, b, c, d, and e), 25 mg sitagliptin (f, g, h, 1, and
j) and 200 mg sitagliptin (k, I, m, n, and o) in OGTT which started at 30 min post dosing
(study Si). Solid lines represent means of simulations. Dashed lines and shaded areas

represent means + SDs of observed data [37]. Details of study S; are provided in Table 7
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Glucose Insulin Active GLP-1 Active GIP

(@) (mmol/L) (b) (pmol/L) © (pmol/L) (d) (pmol/L)
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Figure 14 Simulated plasma concentration—time profiles of glucose (a, e, and 1), insulin
(b, f, and j), active GLP-1 (c, g, and k) and active GIP (d, h, and 1) after the final dose of
placebo (a—d), 20 mg teneligliptin (e—h) and 100 mg canagliflozin (i-1) in MTT which
started at 30 min post dosing (study Ti/Ci). Solid lines represent simulated values. Dashed
lines and shaded areas represent means = SDs of observed data (study Ti/Ci) [38]. Details
of study Ti/C; are provided in Table 7.
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Table 11 Comparison of simulated changes of glucose and its related measurements

from baseline based on the HSGD model with observed data

Ratio of simulated to observed value for

Study Drug Dose maximum therapeutic changes from baseline

(rag) Glucose  Insulin  C-peptide  aGLP-1 aGIP
St Sitagliptin 50 1.34 1.04 N.C. N.C. N.C.
Tn Teneligliptin 20 1.46 243 N.C. 1.00 0.85
C Canagliflozin 100 0.83 0.93 0.69 N.C. N.C.
Cu Canagliflozin 300 0.81 0.54 0.68 N.C. N.C.
D1 Dapagliflozin 5 0.97 0.95 N.C. N.C. N.C.
Ir Ipragliflozin 50 0.87 N.C. 0.31 N.C. N.C.

|Amaxdrug siml_ |Amaxplacebo siml
: : X 100 (%
|Amaxdrug,obs|_|Amaxplacebo,obs| ( )

Each value was calculated as follows:

Amaxa g is maximum changes from baseline in A (drug or placebo group) in B (simulation
or observation).

aGLP-1, active glucagon-like peptide-1; aGIP, active glucose-dependent insulinotropic
polypeptide

Study numbers are shown in Table 7.

N.C., not calculate due to no available values in the clinical studies.
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Figure 15 Effects of the carbohydrate digestion and absorption process based on the

glycemic index (pGi) of foods and carbohydrate bioavailability concepts for plasma

glucose simulation. Simulated Intestinal SGLT1 occupancies of (a) 100 mg and (b)

300 mg canagliflozin (CANA), (c¢) plasma glucose concentration-time profiles after food

intake in placebo, and (d) change from placebo in simulated values of Tmaxgc after

administration of 100 and 300 mg canagliflozin and food intake. Blue lines/bars represent

simulated values by HSGD model and red lines/bars represent those by HSGD without

the carbohydrate digestion and absorption process.
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3.3.5 BRREAfKROMEEF 7'V o — XBjRRICH S 5 SGLT2 [HEROE
FRFHE D SGLT2 [HER K U7 7 e X %25 L - ERICREZ Af L 2[R,
Migh 7 n o — 2 BEOREHERZ S I 2L —2 a3 v L7=f%% Figure 16a, b
SR L7z, 72, ZDEJHEN T X — & Craxgles Tmaxgle X ¥ AUCgic I\ T, SGLT2
FHERSGH L 77 e R0 E2HE L72 (Figurel6c—e). HF 270 7ua v vk
B2, Cuoge PETEHZMOEA LD S REWHEZED bz
(Figure 16c). £72, WO D78 Thaxge DIER DD b, HBRD EWIT E LR
[ 2358722 > 72 (Figure 16d). —77, AUCgc i3\ >3 1D SGLT2 [HEHOHE D [H
FIKN L7z (Figure 16e). /NMEEENIRE XK 3/ O SGLT1 I3 2 Kifl
2 6B & /M5 SGLT1 BHERIZ, #F 270 718 100, 300 mg, X357
y7uayy10mg KA 77270 78 100 mg TZNLZ IS0, 59, 14, 18%T

» - 7- (Figure 18).

M4Ed 70 a — 2K TERICH 3 5, SGLT2 HEHKOE SGLT12 KU/
SGLT1 HEDHFS Z W S 220§ 3728010, SGLT2 [HERL S ER ICBEAM %
1o B olER 7 v a — R REHER L $: 5% 8 Rl £ TD AUCa %, 5 2D
ZEFCcyIalb—va v L7z Caseliday bu—ib, Case?2 (¥ SGLT2 [HE
WG EREL L7z, SGLT2 FHESRK L LTAHF 7Y 7uY v 300mg 2 L 2854

(Figure 17a), Case3 (& SGLT2 FHEMFRA ¥ ¥ vk T7 7 ) Tlid, Case2 T
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O b NTMHER 7V 3 — 2K TER O RKFHE L 7223, Traxge (X Case 1 &t
B L CHER LTz, Cased (B SGLTI HEFHAF* ¥ v AT v ) T, M
7L a— RREHERS 13 Case2 L1321 —EL CT\» 7z, Case 5 (M5 SGLTI [HE
EH* ¥ vk T v b) Tld, Case2 & I L T Craxae I FEA IS 055 L,
Tomaxgle DFIGE LTz, 270 7082V 100mg, £X7) 70V 10mg, 4 77
770 7uY v 100mg iZ20WTh, FEOY T2 —va Vv EEML, Cuxge X
W AUCq AR TEHIC B 1T 5 SGLT2 FHEFFK DB SGLT1/2 I /I SGLT1 FHE D
THELHEH L7 (Figure 17b). ERKRAEDO A F 7Y 7a v v 285 L 54,
Cinaxgle & FIERICIZAF 27 ) 702 v D SGLT1 FHEMER 7S 23-28%BH5 L T\
LLYEHINSZ X7 70V Vid% A 777 7uY vid 4% TH o7z,
—F, A1F7Y 78TV 300 mg RO AUCy DI TICIE, B SGLT2 OFHE
TERNRITHITEH G L Tz, 2t GRICE Wb FRETH - 7= (7

— 2 KAGH).

INGICEBT 2 7 a— RN, Z7va— 2 AMEORENEZ b T
%, 7va—ZAEfiE 50-100 g OHPH CILEF 7L a0 — RREHERS 2 #GT L 72
k - 5, Acmax,glc, ATmax,glc &U\ AAUCglc K-.jﬁjj— % 7‘\}1/:1 —X,\ﬁﬁ@?zg 6i6§l k

b ERD BT d - 7= (Figure 19).
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Figure 16 Effects of SGLT2 inhibitors on glucose levels. The clinical doses of

canagliflozin (CANA) 100 and/or 300 mg, dapagliflozin (DAPA) 10 mg, and ipragliflozin

(IPRA) 100 mg were used. (a) Simulation of concentration—time profiles of glucose up to

8 h after administration of SGLT2 inhibitors. (b) An enlarged figure of the part from 0 to

2 h of (a). Change from placebo in simulated values of (¢) Cmaxglc, (d) Tmaxglc, and (e)

AUCy after administration of SGLT2 inhibitors.
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Figure 17 Effects of SGLT2 inhibitors on glucose levels. (a) Simulated plasma
concentration—time profiles of glucose in cases without effects of either renal SGLT1/2
(rSGLT1/2) or intestinal SGLT1 (iSGLT1) after simultaneous administration of
canagliflozin 300 mg with food intake. (b) Contribution of rSGLT1/2 and iSGLT1 to
Cmaxglc and AUCgc after administration of SGLT2 inhibitors and MTT simultaneously.
The clinical doses of canagliflozin (CANA) 100 and/or 300 mg, dapagliflozin (DAPA)

10 mg, and ipragliflozin (IPRA) 100 mg were used.
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Figure 18 Simulation of inhibitory effects on SGLT1 in upper intestine after the final

oral administration of (a) canagliflozin 100 mg/day, (b) canagliflozin 300 mg/day, (c)

dapagliflozin 10 mg/day, and (d) ipragliflozin 100 mg/day in repeated administration for 7

days. Data represent the mean of simulated data in the upper jejunal segment (jejunum I).
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Figure 19 Dependencies of amount of glucose intake on pharmacological effects of

SGLT2 inhibitors for glucose dynamics in plasma. Differences from placebo control were

calculated for (a) Cmaxgle, (b) Tmaxglc and (¢) AUCqlc as pharmacological effects of each

SGLT2 inhibitors, i.e. canagliflozin (CANA), dapagliflozin (DAPA) and ipragliflozin

(IPRA).
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71770 7w Y 300mg KGHRFD Craxgler Tmax.gle O AUCg WX L, SGLT1/2
328370 782D K KTHSGD £ 7 AT X — 2 QRRESHT % Eii
L7z (Figure 20). b — b~y 7 Cld, BOEIRLAZ7Vva—XBENT X —%
35 K fEDOFE %R L7 (Figure 20a—). ~v 7H EOTESE R v b —
NTHE, vy 7o, HErLHFITEDICON, Cruxge FIET L, Tmage
3R 72 Y, AUCq IMET 322 & ZE R T 5. Craxac 13 SGLT1/2 ICXF % il
Ki D2 %2 (Figure 20a), Tmaxge 13 SGLT1 X3 % K; D2 % i )
(Figure 20b), AUCqc 1% SGLT2 IZx9 % K D2 % 50 32 1F 7= (Figure 20c).
0 — A NVEESTZIT G, AF 7Y 7a Yy 300mg HE5HHCE TS 70 a—2
BHRE N A — 2T L C, mKED HSGD £ 7 87 A — & L7 20 il %
Figure 20d—f IZ7" L 72, SGLT1 IZMF 2 Kil¥ Comaxgle XX Tmaxgley  SGLT2 133
%Kil Cmaxgle X AUCge (R L TRYEEAN T A =2 D 20 fiLANIC A 272, 7
O — NS HTICEWT, Vv a—REHEANT X -2 LEEICEHEL Tz
HSGD &7 V%7 A — X % Figure 20g-i 178 L7z, SGLT1 IZX3 % Ki 13 Crmaxele
B Traxge EHEIWICEEL Tz, 772 FKO v — W VRESHTOFER%E
Figure 21 IC/R L7z, @IRE AN T A =X 3 AhF 270 7a s v 5RO N5 E &
IZIEFEBETH o 72, EEDHTOFERS S, GFR BRED N a— ZBRENT X —

RICO BB RNTRA—RXTHo7272%, GFR OEEDORE # MR L 7~
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(Figure 22). GFR MK T3 %1221 T, SGLT2 HESKIC X 2 IIfgH 7L a— =%

TEMIE, HEROBBEICX ST 2 2 LR RINT.
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Figure 20 Sensitivity analysis for glucose dynamics on canagliflozin treatment. Top

panels show two-dimensional heat maps involving K; values of SGLT1 (K; SGLT1) and

SGLT2 (Ki_SGLT?2) for (a) Cmaxglc, (b) Tmaxglc, and (¢) AUCygc in canagliflozin 300 mg

treatment. Middle panels show tornado plots about top 20 sensitive parameters for

glucose dynamics in canagliflozin treatment. Sensitivities with +5% perturbation of all

model parameters were estimated for (d) Cmaxgle, (€) Tmaxgle, and (f) AUCyc after an

administration of canagliflozin 300 mg with food intake. Blue and red bars were shown

sensitivities of positive and negative perturbation, respectively. Bottom panels show

global sensitivity analysis for systemic glucose dynamics on canagliflozin treatment.

Correlation coefficients of Spearman’s rank correlation between sensitivities and all
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model parameters were estimated for (g) Cmaxgic, (h) Tmaxge, and (1) AUCgc in
canagliflozin 300 mg treatment with food intake. Significant parameters were defined
p- values < 0.05 corrected by Bonferroni’s method. Blue and red bars were shown
correlation coefficients of positive and negative correlation, respectively. Model

parameters were defined in Figure 11 and Table 9.
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Figure 21 Tornado plots about Top 20 high-sensitive parameters for glucose dynamics
on placebo control. Sensitivities with 5% perturbation of all model parameters were
estimated for (a) Cmax,glc, (D) Tmaxglc, and (¢) AUCyc after administration of placebo with
food intake. Blue and red bars were shown sensitivities of positive and negative
perturbation, respectively. Correlation coefficients of Spearman’s rank correlation
between sensitivities and all model parameters were estimated for (d) Cmax,glc, (€) Tmaxgle,
and (f) AUCygc in canagliflozin 300 mg treatment with food intake. Significant parameters
were defined p-values < 0.05 corrected by Bonferroni’s method. Blue and red bars were
shown correlation coefficients of positive and negative correlation, respectively. Model

parameters were defined in Figure 11 and Table 9.
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Figure 22 Dependencies of glomerular filtration rate (GFR) on pharmacological effects
of SGLT?2 inhibitors for glucose dynamics in plasma. Differences from placebo control
were calculated for (a) Cmaxgle, (b) Tmax,glc and (c) AUCglc as pharmacological effects of
each SGLT2 inhibitors, i.e. canagliflozin (CANA), dapagliflozin (DAPA) and

ipragliflozin (IPRA).
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FAf EE

RETI, 7 a— 20T, R, BEHERINS X PRl o@EE 2 ia
L, BFEAMKDO 7V a— 2kNEEES T 2L — 3 v25H[fEZ HSGD £ 7 v
EHREL 7. 20T A2 7 RE ORI, SGLT2 H#HE o #1-¢ SGLT2/SGLTI
BIREPNSKBEEERE VA F 7Y 7a Y v oERIGELER 2, /Mg

SGLT1 DHEICKER L T3 Z EBNTEEMIT NI NS,

HSGD &7\, ERK OGTT[37] K UEEKR MTT[38] (study S;, Ti,C1) DT —
2 % T BB CREEE L 72, #8( DPPIV [HEH K O SGLT2 FHEHICR T 2
ROy 2L —vavEFEMLEL A, IEFR I Vva—X, £ VR v,
C-~*7'F F,aGLP-1 XU aGIP ® 5 D DHIELF DR —R T 4 v 1 b DEALIL,
12 & A EDERBEED 052 AN TH 572 (Table 11). 4 v R Y v & C-=7
FRIZoWT, MEMH L EHTOECDED b2, BRRRIcE T nbo
Z58)i%, Figure 13, 14 1R T X5 IWAHPATH b, X 5 ICERDEH CHERH
DEBBFET S [54,57,65] T2 EBEET L, Y Ialb—yavInziE
7o —RBEFEDIEESRL, KT -2 LRAFOMERFELNZDD
LEZbND, INnETIC, SGLT2 HERICX 2 8E 7 Vv 2 — XREHERZ T

HF 2 QSP ET LIFME TN T WS [66,67] 25, ZDET N EIFELR D, HSGD
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T T IVITRAAEY) D HEAL S OCRIGEREZ ZEE L CT\Wwb, HSGD T 40256 T D

WEANAL T IaL—vav il o7 RoBHB I a— XEE T, HSGD &

/47

2l—vavIiIhVbAHEKCLERL, XvEEERL L

/47

FALIC Kk B
(Figure 15¢). Z D#EHRIZ, oEFrics VT, FicEHOIMEEZE % iEE
ST 22D 2 L) LURTOHIE [67] ZHATHT 2 b DTH 5. BRI
H7La — 2L i3 2 BHOMBSL R EGOMEICEL TI3EL M)
ABBETHBH, Pl Ldrra—AMERIR 50-100 g DEIFHTIREGE D
N a—ZAWIITIF & A EHEERITE T & #ER L7 (Figure 19). L 7=
285 C, HSGD ET7 MidfhidE T v & L T, SGLT2 FHEE DKL I X 5/
5 SGLT1 BHE DRRIFHER L BT 7L o — R REEL 2 X 0 EE X < Tl

THILRTESZLEALNT.

HESE L 72 HSGD ET V2 HWT, AF 7V 7uyy, X370 7uy v
A 757 ) 7uy vk BEoMEh 7L a — X BEHBICOWT, K
al—vav, HERVCRBEAMEFEOLEEENIZZY IaL—v a v EE
L, EYHo&EZ#ET L7z (Figure 16a—). #7727V 78vY Y 100 mg KO
300mg TlE, 77 %R LHEL T Cnaxge DR TICHIZ Thaxge DIER2S S I 2 L
—YavInk, ZxX7) 7Yy 10mg MUOA 7727 782 100mg T

1T Tmaxgle DIERIZFED ST, EYFBCTEVAHER I N, ORI Sha &
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IZ X D ERE XN ZEEREER [36] FELIL TH D, HSGD T M ZEFOBER S
N —ZEE EFRICT 3T 2 A A = X LENT R A[REIC 3 5 Z & B DR D

bHRE NIz

SGLT1/2 4 L 7z SGLT2 FHEHERDEM A A =X L ZH L DT 570 IC,
HF7 ) 7uY v 300mg FHERICEWT, &7 VvAR—Z—icxd 5 HEH D
FHEEMZF ¥ v AT 7+ LEBSOMET 7L 2 — BB 2 RS 72

(Figure 17a). #7270 7w v 300mg % & /N SGLT1 FHEFH O A% % + v
2T 7 b L725A (Case5), MTT D T EE Z32® 517, B SGLT2 [H
FEHOAZ X v v 2T 7+ L72RMT (Case3) T3, IMFERETERBEIR
RE P L72DY, Toawge ERIFMITERF L Tz, —J7, & SGLT1 HEFH
XX VAT MLESEET (Cased) T, #F27Y 78v2 Y 300 mg %5
IFf (Case2) DI 7V 2 — REHE LFERTH o7z, ThoDfRIE, 7
F7V 7Yy OrNa— ZARIIGEIEER 25/ SGLTL [HE 2/ L 72T dH
5L EERT 5 EERRIC, AF7Y 7a Y IR ECE SGLT1 2 HEL
BWZERTRBLTEY, F2EOHKREEZLFT2HDTH S, £z, hF 7Y
7 a Y v 100mg KU 300 mg 5D Craxgic 1€ TSR3 2 /N SGLT1 FHEE
DAGHRIT 23-28% L HH &, & b L <& < (Figure 17b), &HlD /NG

SGLT1 fHEXR DM N5EE (Figure 18) ZRML 72D TH o7z, X HiT, JEES

]
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HrofE R (Figure 20a—¢) £ 0 Tmaxge (31T SGLT1 [HE, AUCq 13 1T SGLT2 FH
EDEELZ T ERRIN, 0 —H AR T T — S UREE ST D &SR,

SGLT1 IZBHi#E 3 2 ¥ T A — X D% Craxgle M Thaxgle 10 L TREE D FW YT X —
£ & LTENR - (Figure20d—i). TNoDT e, AF7Y) 7ud otk
1% AR <1, /MB SGLT1 FHEIC & % 7' v 2 — RN D EIE 3 BE 5 L
TW3 TR MRBEINT, S IITERRGER CHEG S 2R [34-36] 22K

BIHICEE S 2 W) OMETH 5.

SGLT2 R FRRIC X 2 RIRMEEIEFEIRIE, %< D5A, % OfERIT Rtk
REEHEMTTHED A CTH O, h D HEFRITD 72\ L T 5 23, SGLT1 %
BRI KRB L 2RI, 2 va =297 7 b — ZARINRSE % FE L, BEEO
THIZET 22 EBMEEINTEHY [4], SGLT2 FHESKIF SGLT2/SGLT1 ;&R
BEWIEREF L WeDEZRH L., AF7)7uy v, kEifidhtns
SGLT2 FHEH O T b EREMK L, SEOERNHG 26 b, MAHET
/N SGLT1 %#FHET 2 e 3ma sz, L2 L7%&ad3h, PBPK ET /LT 3
2ab—vav Il /NGEYBEE a7 7 A0e, 22208 EIR /NG
SGLT1 FHE O REEFHERS (Figure 18) 225, 127U 7 u ¥ vic X % /M5 SGLT1
PEMEM L, B ESEZIc—aBECZo bh, #5% 4 K TIiIcizIgmk

ToLEZLoND. £z, /NMNGD o ORI ZERICIHEST 2D TirAR, T
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I % BAE L C A b LR 2% LoD, B 725 o K5 % R % 2 13
TRINT 2 e R|MBEEINTEY [34], EBICHAET CEHEZ MH2MEICIE
o TWiRwy, 51T, BSGLTL IS LTIz e A EHEL RV & b AR
POREINTEY, hF 27V 7uv v, Eshmcazshic@s, BifEfEr 2k

W SGLT2/SGLTI fHENZ v 22 (T 2K TchdE25N5.
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KETIE, £ 77270782 vD PBPK £EFAKRUPZ Va3 —2KNEIED
fEHY 72 QSPE7 /L& L CHSGD E7 V&S L 72, HSGD ET7 VMic kb, A1
7Y 7wy OERINEE EFEIER I, /Mg SGLT1 FEEEAIC X 2 FEIIY
BIEERSHEL T3 2L RERNIORE N, BERHAEDOHF 7Y 7ay
vic X /0 SGLT1 FHEEMIZ, AUCy ~DEEIZIZL A ER VA, BZOD

Cmax,glc 'f—&?b: 20-30%%5‘? 5 Z é: ﬁ)ﬁﬂ 6 7\7)) é: fci e 7LC.
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FA4E SHOEYE

I

R OWEIERE & 1%, THHEZR2W, BB HEA - AT, WYk - HE]
[FAA] TE3EAN DT Z +o0 ic B ) [TEMECEE ] TR 23 [~

A—FRXw 7| w6 ATy 7O—@OY AL 7L ThH3 (121 HILDEHE

b

DY HFIEHT EREKE ] OREMEE CFRSESH) ). 20394 720

au

RT3 72D 1cld, BEEMICET 2 HRERERE CBE CEYNIcRt S h, +
PHBEING LB ELEEZONS, RG> O LTl 32 =0
7T AT av (CQ) i, EEOEEHEGICHE W OREEDEREFIC O
BEARAL V FBEEINBEEB% V. L2 > T, CQ Z ML AIHE b se i

(Research Question; RQ) ICHIEXTHEIL, ZDEHEZ 74 —F v 243
Zllt, BoBEEFHOLDICEETH 5.

APFECIE, BEREEREO T c—FH L w2 7 XA TH % SGLT2 [HEZE 2 Wt
FENRIC, EOBIEFHIC O35 CQ R RQOEEZ.2HEL EZHME LT,
B SGLT1/2 FHE /N SGLT1 FHEF ICBI 3 2 X 1 = X L O E &I = iief %2, M&S
DFEEHACTEML 72, FH2F T, SGLT2 [HEXO EEHATH 2B SGLT2
PHE A /1 = X 2D W TR L 72, PBPK/PD & 7V Z HE4E L, BRI & © SGLT2

FHES A, B SGLT2 # +4HELTWwWa 2 &, KUE SGLTI %13 & A CHE
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TP HRINERE D R T 2720, KSR VIt weEzbhs Ltk
TERMNCR L7z, 5 3 T, SGLT2 FHFEHE @ %7 D Fific > 72 25 5 /M5 SGLTI
FHEMERIC DWW THRET L7, HSGD E7 A %% L, SGLT2 AEIKIC X 2/
2> & OFEWIGEIEEH 23, /IMB SGLTI FHEFIC X 2 2 &, ZofFRIZERIc XY
R p L RERBMIRLT.

FrICERIRIC B v Cld, MR IRELRNE 2 2 /1 = X ZBGE % EEIICE T 5
LIRS AR L . 2D X9 RILT T, M&S OFEIFIEFICHEM %
FEB LD 9%, KAWISCCREEL 72 HSGD £ 7 A3, /NSRRI S, T
LI T X ) RERIRROBFHRL A A =X L DB ERRL TS, 1) »¥T X
— X DL ZAT 2 7245 R, Crmaxgles Tmaxgles AUCge DWW FNICTHEWT b, SGLT2
PHESRIE S ICBD 53 GFR SEEETH 5 2 & 55 (Figure 20,21), GFR 258
B 27 v a — R REZEAL L O SGLT 2 BHESR 0 G2 0 A 2K 1-C & 2 nlfE
PARBRE NIz, 2) KTl S T\w3 SGLT 2 HESRIZ Z ofEHT 2> &
GFR 2ME T3 3 xR0 2 2 L FRRICIREG SN T3 [68]. HSGD
ETNMICELBEY I 2L —YavitBnTh, GFR K FICHEWEFRIRE & FED
A 23R & 7z (Figure 22¢). 3) SGLT 2 PHEIIIFREH A2 M E 22 2 &2
W TN T WD [69]. BEESTOME» S, PEZMEEZRT NI A =X S, I,

77 R IIPEREENLTH Y, S AW A B L AUCy. DIV 525, SGLT2
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PSR G Sy DIERZMEDIKIE L TH Y, S 2 5 & AUCq 2388 2 % 4
R/ 5N Tw 3 (Figure 201, i, 21c, ). Z L ¥, SGLT2 PHESER 51
FE(RH D O BFTE ~ RO N T Vv ZAREDL o TWBE L ERRLTEY,
IR %% 2 A[REED 5 5.

bH DA MES DFEICIIRAFEST 2. HSGD €7 VDR L LTiE, <
D EFABIRES A, BRAICE T 5 73— RE, TRk S T 280
fi7s &, RIEHRRIC BT 2 BRI OFHMEZ S E R LBFEToNSE. LD
2T, TOX) ARMEMBICE T 2 HAHOFHM AL ZEML Tn Z &8
SHOMETH B, T, HEIKREEOLEHUELERCE ARV L L RADO D
THb. ZOfFREL LT, Bikae, W, 4R Y VIRFIEORE)R R 2
5D % KR T BE PR IR B DR ER 7 — 2 1IcH0 %, HSGD %7 M ICHFEM 7 <
TA= 20K R KMT 2 HERIEzZLbNS, FL4ORBEEEZH VY 1L
— 3 a viE, SGLT2 FHFEHEDIMBEIHIRS ED X 51T 25, H 20wk
AR EM OB TR E R E5 R THDIEREM L DIC&KILD., %
LT zflabEs ickh, HRNE T 284 R AAEERRICE T 5
AZEEE PRS2 8 TE B,

AWFED X 51, HHIOEMA A =X LZHS I LIFREZEMET 3 2 L1

flil % D BF T RITIG U 7= 34 0 #IRP @ V) e (LT B D BRI 25 0, BERRE G

97



BILBITAF LYY av AT Ao vicohBoTn ¢#E2 6%, EFEDHE
WHERIR RS T 1%, DPPIV PHEEN Eifitky = TEILKL, BETICH D
WEPRIREBE O 6 NI I NT Wb D7 =223 %, F7-, SGLT2 fHEK
¥, EWtRE2GERICTS Y = 7 2ILKL Tk Y, DPPIV HESK & SGLT2 FHEZE D

MEAID 3 A2 bfidncnsd, MEFFEARICET 2 M 12—

a VH3A[EEZ: HSGD 7 i, Rl L 2RABICH T 2R ZMATwL 2 &ic
LV, ToicAMBETAME L TRIRRIBIRICHIML T 2 L8 TE 5 L
BLTW3,

WEPRIRIREESE O th Ol b JES 0\ SGLT2 FHESE I3, RIS 32 2 L
RIS TH - 2 HERRREIC S T, HEZIRP it E 22 &wv o) N 7
FAECHFE S, BIFH 28BS T 2R b 0228, B, XV TO - Bk
ERAHT 2 L WIBEREREPRE S, MUEHEZED TV L, LIEAS RV
Y, B WIOMEEEERE T EE T 5 2 BBERREE 2N RICEM
72, EMPA-REGOUTCOME (T v ¥7') 71 ) , CANVAS-Program (/7
7)) 7wy ), DECLARE-TIMI 58 (XX7' ) 7 u v v) o KHBEGRRGAR
ICH T, ODIMEFER T OAREIC X2 ABEE 5 LIIE A < v bt Lz
ReFoZ Lo LY, BEREFEMLRD N [70-72]. 72, BEET

N7 I VIRERT B 2 BIBERIE B & MR & L 72 CREDENCE Bk (hF2'Y 7
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YY) ICBWThH, LRCEREFRAHZE I N, X 51T2019 55 2020
T T, IERERIE RS & & O e SRR MK L 7218044 (HFEF) &
H w2 IWNRIT L 7= REBUER RS DAPA-HF Bk (£ x27'Y) 7 1 ¥ ), EMPEROR-
Reduced il (= v X7 ) 7wy V) BT, BERBOERICTr D0 5T 0 MR
EIEREZAE T2 C it S [73-75], BHEENR (CKD) EFEENRE L
DAPA-CKD #lig (#3270 7uyv) ik nT, LR VHERBEOEEICED S
TEREFERIHE SN [76]. X370 7P v, cnbofRICEY
2020 4 5 HIC FDA » 5, WEREOHMZR LT, EHFE .04 (HFEF)
BE~DBEILRKDOEZEZZITTHY, 10 HiCiE CKD EE~DRFEHEL LT
FDA X Y [EAiA%38 (Breakthrough Therapy) T8 E %% 72, 72, HAREN
ICHBWTDH, 2020 4 10 Hic, EAGHERE - il ERSERSE e
BT, 7Y 7 u Yy OEELARDEBIIKR S TR X L7z, SGLT2
PHESR L, 3P HERROEIR A B A 28 e WO EBEIFICA>TETHS. &
%, BERPIREEE L LRI Tidk, BR-CHEREO P cH LRI NS
TR Y, PERREMEUN O IC XY, LY EMCEEAERER-
ZIFEHINE X HICbTHAH. 2O Chl i X EIE 2 H % kel T

W 7=DI1C, TNETICHMWLCI T I AFERBIMLIEICL B,
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M&S @ F-i%:13 empirical modeling approach & systems modeling approach & Kl
XNB [77]. HIE I > v 7 CREREY 72 topdown D ET YV v 7 TH Y,
et PR fAaGbe C, BKRT — 2 o E Mt s L OERILL, 7— 2 Dff
RIS L T B, 28 AR AR L AME 1 o o384 75 bottom up 2
DETVVITHY, %L DT A= ZEWRBPMIET D, EFEREE % FF O fif
eI EREETH 2. S EIfEH L 72 PBPKET L QSPETF LI HEEICEL
EEESBHFEICE T, 3, AR, S, RRlY R &% < oriEEE T,
HahtEe R D FHll, N4 d~—5—ofE!, ERET OB IEH S LT
W3 [78].

AN G012 31 5 FAN OGO RS 1L, A0 FKBEH & B Dk
EUAMYHIRAE L O EERICKRI T 2. WA OE#H%EMARIAAL T systems
modeling approach % F & L 7= M&S Fifilt, BE LMD 2 W idFENE L OEEW
Hfg, NECEInE 2 a0 RR 2 BELEM~OIH, WY e[ A= — 71— D

3R, JRAELE T o BE-C IR RIS R E F IS O S B W%, 5% Al 2 [H7: < et

L, BHEOEZRICETZ 7Ly Y a v AT v oFEEP, EERYOMIEM

FHICHEBML T &EEZ2 LN 5.
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AR ZZETT 2 ICH Y, HIEEMEHEETEZ Y £ L 2RBERPEEF XA T
17 AW v & — Bk BOKIRTE el ICEA TRMOEERL LT,

KX 2 BEL T2 2 £ LR ARG R #ux HhiRe Jetg,
PN A A BT R B RREE Jod, PR A mERER AT &
—Hf A HERHOEERL 7.

AWFEDH 2 T, AR & Tl =22 SRR ot o e FIRFSE O R
ZELDODTHY, HHEER Y I L BHEERREIEY B RE AT TR Bk
RS S Se s 70 © NTHER TRRTRC T SeB It B QR L P £

AR ZZITT 2 CH72 Y, Az EBE, @hhz2HY L7, HI=28
ALt FER L, hEE B, PEEA L, 22y 7 2KK
=t HEEE it sk ook V&SP L BT,

AT

i

KMROERE G2 T2 d E L, HU=20E8 KAt ks

/

A HNA VT Y Y AR, AU SEYIEIEMTE TR, JORRIT Bk EhE

R RICER QR 2 L i, AWz ED 2 Ichz ) THE2HE I L L

FEIE] Wi, BT WA &3 B AT AR L RS T

BRRIC, AR ZITIICHZY, XA TS NEFKEIT O XY BEEHEL £
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