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AMAX2
AUC

BMAX

Cp

CL

Cmax
CWRES
DPP-4

Emax

E24
FOCE-inter
F1

GOF

GLP-1
HbAlc
HPLC-MS/MS

1A%
IPRED
IQR

KD

M&S

N
NONMEM

Random effect parameter in NONMEM for the residual variability

Random effect parameter in NONMEM for the inter-individual

variability

Symbol for the estimate of variance of e

Amount of binding sites in the peripheral compartment

Area under the concentration-time curve in plasma

Concentration of binding sites in the central compartment
Concentration of linagliptin bound to DPP-4 calculated by PK model
Clearance

Maximum plasma concentration

Conditional weighted residual

Dipeptidyl peptidase -4

Maximum measured effect

Measured effect after one dosing interval (t=24 hours)

First Order Conditional Estimation with INTERACTION
Bioavailability

Goodness of fits

Glucagon-like peptide 1

Haemoglobin Alc

High performance liquid chromatography tandem mass spectrometric
detection

Inter-individual variability
Individual prediction
Inter-quartile range
Absorption rate constant
Dissociation constant
Modeling&Simulation
Number of subject/sample

Non-linear mixed effect modeling



OBJF Objective function

PK Pharmacokinetics

PD Pharmacodyanmics

PRED Population prediction

Q3 Intercompartmental clearance between central and peripheral
compartment

RSE Relative standard error

ss Steady state

T dosing interval

THETA Fixed effect parameter in NONMEM

TMDD Target-mediated drug disposition

V2 Central volume of distribution

V3 Peripheral volume of distribution

VPC Visual predictive check
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Pharmacokinetic (PK) /Pharmacodyanmic (PD) f##T & 1%, 3o H&E &Y ORE

L OB AZFLIR L7e PK E7 /L EAEREALIC I T 23 OUREE & 2R & OBtk Z Flak L7
PD €5/ & ZBh#E S - HEHEET L TH D PK/PD T VAR5 2 LT, i
FELINRE DI ED X S RBEURRH D ONEHA LT HZ EDNERNOMITCH L, £
7z, Bltld, M58 L7 PK/PD &7 /L& BIZ 32 T 24T 9 Modeling&Simulation (M&S)
DFEPNAESN TS, BELEETMCL S M&SICE Y, REOHETOBEDFH
R, M&S OfEREZRMORERT VA O (AR, FALOZRERL, REBRMM, flkGE
EORIL, ) [TIEHT 2 Z L[1-4]T, EIFEMLHFEOZRILICHEIRL TH 0, EIFEMLBAFE
DNFALDT= DO OF -7 FiEE L THEAZ ST 5 [5-11],

I RUBE R & 1%, BEIRIGAIRD 90~95% % (5, EOHFFIIHIMERIZH H, tFRT
1{% 8000 H ADEE L TH Y, 2025 FOBEEIT 3EAL RIS TWA[12], BATIE
CRE DRSPS 2358 < BEodu D N 134K 890 5N, [HEIRIF O IBEME 2 &5 7E T & 72 A 1349 1320

AR 2210 HAT, AD 5.6 N2 1 ADHERIE S L IZZEDOFPIEL b5 [13],
IT BOERIFIEIR O FEARNE, BRIHRIELEDHRIETHY, ZNOEFEE L TH o2 MbE=
Y R r—ARELNRWGEI, EYRRIER TS [14], EWERIEITE 2 O BF OREE
ZHEL, e QMR FRINBIRIND, BUE, fkx 2885 O MFERE TR ERIR SIS O
AENTWEA, [KIFHE, AEM, 5L OMERTE S Vo B EERBRE SN
TWb, ZOLIRFAEELNREZ VI VWEEZLNBHE S NZD), Dipeptidyl
peptidase -4 (DPP-4) [LEHITH 5,

DPP-4 %, L& DA > 7 LF L RVEL TS Glucagon-like peptide 1 (GLP-1) @
SRR - TWD, GLP-1 1%, Kb, REMIZR E2 BT 5 Lnwsih, Zra—2x
PRI £ 0 A R Y 53 Wha YRR U MLBEE 2 B% T S8 5 DNz [15], 7 v J1 2255 FA.
%, BHRHOREE, WEKOFER R EOENEZHT 5, DPP-4 #AET 2 L IHMHA GLP-1
OYJHAPIER U, Mg A 2 ) RED A & MFHEOK T34 C 516l 72, GLP-1
I, MBEE2Y 55 mg/dL K725 & GLP-112 X2 7 /v a—ARFHED A R Y 53
1k 5729, DPP-4 EAIC X 2EIMAED Y A7 1XIE L A LRV EBEZ STV D[117].
HifE, DPP-4 PEANL, EERBS CHEA STV D8 LWERMFEORERFREE CH
D, ARFIZT, 2009 FAZZ 7 VT FUNREGRINT-OEKZEIVIZ, BIEE TIC 7 HINHE
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UF TV FF AL, N—=U o H—A TN DETHBE N o F B E L
A 5RO DPP-4 [HEAITH S (Figure 1), AFNE, 2011 FIEN, KE, BX
OAFNC TRRE 4L, BUE, IESN TV D

f////
/ NH,
N
ISQPs
N

CHj CHg

Figure 1 Chemical structure of linagliptin

UF 270 7F IR O EMEZ R L, 1 mg 75 10 mg O HE&FAIZBW T, miE
R D EFIFHERLLT Th 5[18], L7228 » THMENRE 2SS 22 385 I3 RIS IR T
(72 SEMBNRE T A —& (7 VT T A, BAARME, RPHEESE) 28, VF7 ) 7Fro
GAITAEOEME & biciind 518, V27U 7F v 5mg K% OKAKHBIEA
RN, 181 B EFEFICR Wb OO, EES 2~5 BRIITERRRBICEREL, FEE
? Cmax, AUC ORFEREIT 1.33 TH-[18], 2D Z &nnd, EFICE VKR I
BHIIAKORITF S LTV RWnEEZ bh, RYEEENRHEERT L5200
D BRI DR O T ERMIE 11.4 B CThH 72018l V7 ) FFr o 5RICHT S
PRI IE 7% R ToH 0 (18], AHIOBIEA S OHE O F 51307220,

UF 70 7FroRRBNEIL 5mg Th D, HAN I RBERP EE O I AR Tl
5mgﬁiwumm®ﬁg%@ﬁbkﬁ%ﬁmg#mfmmm@%miﬁaﬁﬁTﬁﬁ%
ShizZ s, 5 mg HEEARMAELE LTEIRLZ[19, 201, —J7, HARAN I BN IRIA B

5 IR CIE, RISV EMISMEZ R T 5729012, 0.5mg, 2.5 mg, HK0010 mg
DRAEERGF L7, EKRHAETH D 5 mg 1TMi Lo T7z[21], ARFID B AN I B R
REBE OHGET — 4 Ry Fr—VEHEET 5 LT, BARANTOAAORHESBERIZS LT,
TS DOMFENME LB Z LT, ik L7z M&S O FiEE, ARIOHFET — 4 /8y r—
DET—HEMTTHEDICHHATH Y, TOMEICE > THAAN I AR ERE TOR



HORE - HEORERWEZ VR — 52 LNAREEE 2 6T,

PLboZ Ent, AFRTIE, HARN I BBEREES OF M HRBROT — X IS0
SEBENRE/FR ST T VR L, TOME L ZTT MIESEI AR OARAETH S 5mg
P 5% 0 DPP-4 lERAT I 2L —v a5 L L L (Figure 2),

Phase Il Phase lll
Japanese Japanese

Approved

» dose

[

5mg ‘ 5mg

ulation
* Predict DPP-4 inhibition in 5 mg dose group

" PPK-PD model

Figure 2 Motivation of PK/PD analysis

FIETIE, AFOHARN I EERFEEEOF M HREBEOT — 2125 PKET LD
MEL, FUETIE, S1&#HE, PKPDETLVOMEBIUHEELZETVICLS Y2
L—ya &I LT,

Sbig, HULETE, V77U TFrofy@higs L0 DPP-4 BEROLB)ERIZ

DEWBOBELZRBNICBEETHZLAHMNE LT, MELL PK/PD 7 40% Vi
sensitivity analysis % S&H L 72,



A

BIE  AARANIEBERFEEICBT DY 7V 7F o ORHEM KB RERFT

VF2 U TF L, ERIEOEDEREE R L, 1 mg 25 10 mg O AEHFHIZHVT, I
ehEEo FRIIHERLIFTH H18], 7o, f DPP-4 [HEHR (%70 7F, 7
YTV TF, EAXTVTF, TasZTFr) T, JOKRRIEREEITRD b
TV [22-25], FEEERRBRIC T, VF 7Y TFF o oX U R 7 EGHRIT, BERGFOICE
BT 52 LR SNTEY, <1lnmol/L TOEMAMARIT 9% TH 7202k LT, 100
nmol/L BA EDEFETIX 7T0~80%IAK T L7=[26], F7=, Z ORFEKFEIL, DPP-4 KiE~
TABLOT v hOMPFETITRD Lo 72[27, 6, AT » N T, VF7U
TF U OIERIEITBE I N OICR LT, DPP-4 X7 v hTIHBEI o7, L
bEozent, VF 7Y TFrOIERBEOIRRIL, DPP-4 ~ORERFR R H EIRA
LEZLNTND, 2%, ZNETIE, ACEEAITHL NI RITIARTIT I v
DIEMEERTHD N T RT TV T = R T7I7 Y F— b U F 7Y 7T L REOIERRIE
IR REARE 2 R T 2 L A STV 5 (28, 29,

AREETIE, BAN I BBERISES 205 & L2 8 TR O R EZ VT, AFI0EY
BRE D IERIRAE 2 Em YNk 5 2 L Z BEMIC PK BT VAR LT,

B HiE

1.1 fEpT T — 2> b

AFEHTIZIE, AARN I BRI BE 2 x5 & L7258 I AR O R4 vz, BLFICE
B A LR LT,

o HWERT VA B IMRE, o4 EER, 77 ERAR, 5%, 28 H

IR O 5 B

® KI5 HAA IIHBUBESRYN B

o LR
> UFZVUFFL 05mgl A 1A
> UFJ7UTF 25mgl H 1A
> UFZV7Fr 10mgl H 1[H
> 77BN



® EEH: 72 (0.5 mg BE: 19, 2.5 mg #E : 18, 10 mg & : 1843, T &

AEE 17 )

e ¥R (F¥(SD)

7Zk%HR  05mght 2.5 mght 10 mg #%

Bk 17 19 18 18
PERN (%) B 13 (76.5) 15 (78.9) 14 (77.8) 13 (72.2)
g 4 (23.5) 4(21.1) 4(22.2) 5 (27.8)

i (years) 59.7(6.4)  60.8(9.2) 60.2(6.4)  59.1(8.6)
KE (kg) 67.2(10.00 64.5(9.00  69.6(9.4) 63.5(12.2)
HbA1c (%) 7.0 (0.5) 6.9 (0.9) 7.1(0.5) 7.2 (0.9)

® UtgviaT N 14 B
® RHLM MR THRE

UF 27U 7FrofsEfiRERs L0 DPP-4 HEROHAEAR A > ~id Table 1 (23 LTz,

Table 1 Plasma sampling schedule for PK and DPP-4 measurements

Day Time

(after the first administration)

before and 0.5, 1, 1.5, 2, 3, 4, 6, 8, and 12 hours after the first

administration

before linagliptin administration

28 10 43 -6, before, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48, 120, 168, 240, 312, and
to
360 hours after the last administration

UF 70 FFroERREOREX, N TF—hShviemdikikrs o~ 8777 4 —-
X T NEESHTEE (High performance liquid chromatography coupled to tandem

mass spectrometory, HPLC-MS/MS %) % M, Covance Laboratories Ltd. (UK)
TITo 7, EE TR, 0.100 nmol/L TH -7z,

DPP-4 @t MMAERTEMEORIEIT, HOUH 2 W 7o R ER R RTEE T & A &2 1

.5-



WC, Institut fiir Klinische Forschung und Entwicklung (ikfe) GmbH (Germany) (2T
fTo72, DPP-4 HER[%IL, LLTFORIZH-THRIH L,

DPP-4 activity ) 00

DPP-4 inhibition [¢ =100—<
inhibition [%] DPP-4 activity at predose



1.2 £ UREEL
1.2.1 A a—F =7 s I A

AENTIZIE, NONMEM, version V level 1.1, NM-TRAN version III level 1.1 B L
PREDPP version IV level 1.1 (ICON Development solution, USA) % fv>[30], g77 %
WTar8A L7z, NONMEM O output OFEEHLELE L O FEOIEMIZIZ, SAS 9.2
(SAS institute Inc., USA), Sigmaplot version 10.0 (Systat Software Inc., USA), F7-i%
R/Xpose version 4 (http://xpose.sourceforge.net/) % 7=,
1.2.2 ETEFEDFHE

PK &5 /L%, Structure model 3 L U8 Stochastic model Z st L 7=, 7233, ARENT CTIZ,
FEMT R R OB D I Tewd, WERET VOMEIIITORMh o7,
1.2.2.1 Structure model D7

U270 7F oo PKETAMRENTI, 3 CIONEAN I AEREEE OT — % Z VT
FMEINTWB[81, 2o@ETIE, V7Y TFFroRMEEOIEREE S, RIEKRGFESE
A7 5 Protein binding site Z# & 1r 2-2 > /3— F XA N ET /L (Figure 3) % W THEHNT L
TW%, £IZT, RETADHARN I BFERFEE BN TH U 727U 7F r OIERIGIE
OIMBREZ EWYNZFLIR TE 20250 T, O1-=2 3= F A bET L, @2-7 73— h
A2 hET IV, @protein binding site Z&dTe 1-2 /3~ K A FET L, @OHFLEB IUOUEK

oy — kX R ZENFNIC protein binding site Z&de 2-a L /83— kAL FET L
(Figure 3), @ 4 SO structure model Z Rt L7, 723, T /NLOZYPEITIERRE &
RHEM TR (Population prediction : PRED) & OB~ v v ~35 L OVE HBEIEIEIZ T
fileas L7z,
ok, KRN TCIL, 2% E L T, First Order Conditional Estimation with
INTERACTION (FOCE-inter)%: % v 7= [32],



Depot

(dose)

F1, KA,

Peripheral Compartment (V3) Central Compartment (V2)

unbound
conc.

AMAX2, [ unbound

KD conc.

CL

Legend: F1, bioavailability; KA, absorption rate constant; BMAX, concentration of binding sites in the central
compartment; KD, dissociation constant; V2, central volume of distribution; V3, peripheral volume of
distribution; Q3, intercompartmental clearance between central and peripheral compartment; AMAX2,
amount of binding sites in the peripheral compartment; CL, clearance

Figure 3 Structure of the PK model

KETIWZEIT 2PN (o) 2L FIoRT,

Depot compartment :

dA(1)
de

= —KA x A(1)

Central compartment :

dA(2) KA X A(1) + Kay X A(3) — K3 X A(2) — Kyp X A(2)
ac AMAX X K,
(A(2) +Kyp)?

1+

Peripheral compartment :

dt 1+ AMAX2 X K,
(A(3) + Kp)?

FROKXKDOFOENRNT A—=H1F, UTFOXNSLLEHL -,



AMAX = BMAX*V2
K1 =KD*V2
Ko = KD*V3
K20 = CL/V2
K23 = Q3/V2
Ks2 = Q3/V3

ek, V7 U TFroomBETRE (Cw) 1, LTFTORXTREINS,

AQ)
) BMAX X v7~
tot —
V2 A(2)
KD + V7

1.2.2.2  Stochastic model DT

fEfRRIZS) (IIV) 1%, &#IC F1, KA, CL, V2, 35X BMAX IZ/HARIAR, Z D%, %
NENDONRT A—=4D 1IV ZHY pr< Z%PrE (Backward elimination) Z17->72, IIV
1%, SEEREETAEZREL, ATD &5 2Ttk Lz,

P; = P x exp(n;)

Z 2T PR § DRT A —Ffl, PIZRHMER DOV RT A — 2l n; 1 3ERFE ] OfEK
FZETH Y, FEH 0 THED 02 DIERSMITHED bD & T 5,

WIT, FEAELBEZRTHRATT NV E LT, BARREET VB LI WRAREET L (il
AT HIBREET T V) 2t Uiz, AT, V77U 7F o om0
L THWE o0, BEEREETT VL, PRREET VITHEREETT L, FRETT IV

XHFEREET L E LCRIR L TV 5,

1.3 ET V2 W
® Goodness of fits (GOF) plots

ETIVORHMIE, ERPRE &7 05567 BEEM TR E (Population prediction:
PRED) £ XOMABITFHIFEE (Individual prediction: IPRED) & OAHBE, SfbAf) & BEALF
%7 (Conditional weighted residual: CWRES) & RFE [ TR FE s L OB 544 B &



D7y MTE Y FHE LT,
® Visual predictive check (VPC)[33, 34]

WAEET NADEUNCEREOT =2 2B TETWDLINENZRET 578, Visual
predictive check (VPC) Z17-7-, SRIENTICHW T —% &> LR CEEE, &E55
1%, BRILFFZORERZ 1000 BT 572 & 12456005 MR E 2 NONMEM O $SIM £

ATy alb—ra L, FREATO TR IR O i s K 1V90% prediction
interval & SAS THH L7z, ZDk, #HHE I LICHRERTOIERRE & i AE R g
DR JEF LTV 90% prediction interval & ZEhilt L7z, FERITEEOIF & A &N HIMLE T
TR D 90% prediction interval NIZE £ TE Y, FRIMAEPIEE O hIEAHTIZE—12
S LTV DHEEIT, BREETANEUNCEROT —F 2Ll TETWD LT L7,

ILHET AR

2.1 fEtrr—2t v b

RIEHTITIE, WFH 554, U 57 ) 7F v T — 4 L LT 154784 > |, DPP-4
PR & LT 1606 A1 k& HW T,

Table 2 Number of data for PK/PD analysis

Linagliptin Number of PK Observations DPP-4 inhibition

[mg] patients [N] [N] Observations
[N]

0.5 19 529 548

2.5 18 498 520

10 18 520 538

Total 55 1547 1606

2.2 T VRS

2.2.1  Structure model D7
AAN I BPERIREEOT —=Z I LT, Ol-ar/S=hAY bET0, @2-3 23—
kA2 FET L, @protein binding site Z&Zip 1-2 > /3— K A2 hET L, @QHFLEBIT
KWz 23— F A MZENEIIT protein binding site Z & 2-2 2 /3— K A2 FET L
(Figure 3), @ 4 -5 structure model Z )i L, HET /MZI1T 2 EHRIM & R TH
i & DFERIXI % Figure 4 IZRx Lz, $£72, &ET7/VCEIT 5 HIYBHEZ Table 3 12~ L
7

.10-



£7, OBLVQOET VLTI, EHRELET MK D BERTRIRE L OMICKE
I NA T ANRO B (Figure 4), ZIVHIEMHEEZZE L RWET LTI, HAANCE
WTH U7 )T TFroERBERITETICGGDE TERNWC LRI, —, TV
H1Z protein binding site Z 5 A L TV AHQ@B L VO@ODDET /L TlE, OB LV@IZHTE
TS KD PRPEIRIEICSE Sz, ZORERN G, BARN I RPEREEE ICBNTY,
SE N TLRBE R 5 f & [AI4R (T protein binding site # & AT 2 FF AN 77U FF oD
HMENEZ HUNCRBTHDICHEHATH D EE 2 BT, 728, Figure 4 TII@® E@DIH
TETAOTRIMEICAMRZTRD b oo b oo, BHBEEMEIEZOIZERT@O@TK
EET L (-226.465),

Fio, VF 7V FTF o oEYEREORNEEZ HARN IT BRI BT [21] & S E A T BURER
iR [18] L O TR L7ofER, EMBENIERE CTHDH Z &, HIM TOREMILE
WS ENREM 72 J5 A T Clid v 2 b, B X OURFEEIRIZRVN 2 &, o
UF 70 FTF o oEyEhie R iR L, AR TR CH 572[85], £z, VST YTTF
v DIEWEREDIERRIEMEIL, DPP-4 ~OREERFMEORANER L L TEZLNTEY,
Z OFE S ANFEM THEZ 2 FIREMEIE W & B 2 bz,

PLEDZ &g, SE N I AHE RGBS OT — X 2SSV TR L7-E7 /L (Figure 3)
%, AARN I RBERPBEEICH L THTUIH L Z LIFMERNEZEZ N b, K
fEMT O structure model & L 7=,

-11-



@ 1-compatmental model

1 L L 1 1 L

Observations

6 -5 —4 -3 =2 =1
Population predictions

@ 1-compatmental model

with protein binding site

Observations

0 1 2 3
Population predictions

Observations

Observations

@ 2-compatmental model

-1 0 1 2 3 4
Population predictions

@ 2-compatmental model

with protein binding site

L Il L

o

0o 1 2 3
Population predictions

Figure 4 Observations vs population predictions plot: linagliptin plasma

concentration in PK model (O 1-compartmental model,

2-compartmental model, & 1-compatmental model with protein

binding site, @ 2-compatmental model with protein binding site

The solid black and red line represent the line of identity and

smoothing, respectively.

_12_



Table 3 Objective function values in the each structure model

Model No. Hypothesis OBJF
Liner model

1 1-compartmental model 2130.553
2 2-compartmental model -1415.114

Protein binding model

3 1-compartmental model with protein binding site in the -1819.632
central compartment
4 2-compatmental model with protein binding site in the -2046.097

central and peripheral compartment

2.2.2 0.5 mg &HHET —F DRt

0.5, 2.5, BXV 10 mg BHHLETDOT —% ZH T, Structure model & LT, H.l35
FORM a2 /3— |k 2> F 2 F I protein binding site & & Tp 2- 2 /3— h A hET
L (Figure 3) ZJi L7z, FOfEE, F1, V2, 3L BMAX O/3F A —Z HEE(H|
BIKFENRO bz (Figure 5), ZiUE, RET/LVOFHESMED 0.5 mg & 5HE2 130
JETERWIZ ENHEREZZ 527 GEE, & I fHix2 SR, X7 A -2 HEEICHE
KAFERRO BN D Z LiE, BITT —2ty MZEENTWRVWHBETO/NT A —2 &
ETHRRCEEE L 720, RNTORKAND, 5 mg #5%0 DPP-4 ERE I =2 L —
varT LI LEZBETLE, NI A OMNEKFAEITED TIERWEBE I LbND, 0.5
mg RN L THAT L2 A 0O T A — 2 HEEMEIZIE, AEEFHEITED o7z

(Figure 6), LLEDZ Lnh, /T A —ZHEEMO M EKAFIEZ BT 5729, 0.5 mg &%
BREDOT — 2 IIRITINOERINT 2 2 L & LTe, ek, AFTOEBMIX, 5 mg KERFD T
Ra2l—varThY, YEHEITZ25mg D 10 mg DHERFANICE TN Z LD,
LB OMNT 2D 5 2 L ITRBE W E B 2 Bz,

N))

-18-
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200 % = (163 100 — . @ @ L,
T | | T T T
05 25 10 0.5 25 10
DOSE DOSE
Figure 5 Parameter vs DOSE plots of the PK model for the dataset including 0.5 mg, 2.5

mg, and 10 mg dose groups

In the box and whisker plot, median values are designated by a solid
black circle within the box. Boxes indicate the inter-quartile range
(IQR). Whiskers represent 1.5*IQR. Data outside the whiskers are

marked as blue circles.
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Figure 6 Parameter vs DOSE plots of the PK model for the dataset including 2.5 mg and

10 mg

In the box and whisker plot, median values are designated by a solid
black circle within the box. Boxes indicate the inter-quartile range
(IQR). Whiskers represent 1.5*IQR. Data outside the whiskers are

marked as blue circles.
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2.2.3  Stochastic model D5}

ARIE TR L7 E 7 /L0 BB % Table 4 1T L7z,

BAIOET VT, BIRFZASR (IIV) 1 F1, KA, CL, V2, 35 X0 BMAX ([ZHAGAATZ,
ZTDk, TNEND/NT A —2D IV ZHY k< Backward elimination #1757z, % O
F, V2O IV IZAE TR (BREEED FAMR 1.21), £/, GOF plots DfEE L V2
O IV AR o256 T, EHME L TR & ORI TR E 72534 7 233D
Lo Tz (Figure 7), — 7, oo/ T A —42 @ IIV (25T, Backward elimination
EAToToAER, BWBEBIEOREZR EABRO b, WRIZ, V2IZIV 2 EERWVET L

(Model No. 104) T, FJE, %37 A —% ® IIV ® Backward elimination Z17 - 7= #& &,
WO TIIV 2R L7258 1280 TH ABEREO A B2 ERPEO bz, ULkoZ
b, IIVIX, F1, KA, CL/F1, B8XUBMAX IZHAIATrZ & & LT,

WIT, BAETTVICHONT, HBRRZEET LB L NEEGRETT L (HRAETT L+%
FRAEET V) R LT, TOMRE, RABREETT VTR, WHRREET VICHAST, &
F o BBEEMEORD (-7.394) BB D OHNTZH DD (Table4), T /LHOEREET L
DT A= FHEEMED BWFFAXMN 0 Z#FA TN Z &b, SEEET VILRETT
IR LB 2 bivle, UL EORERN G, BAEBRETT VL, HHRRETET L E L,
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Table 4 Objective function values in the each stochastic model

Model No. Hypothesis OBJF /|OBJF

001 Initial model; -1547.693
IIV on F1, KA, CL, V2, and BMAX

Proportional error model

1st IIV setting

101 Model No. 001 without IIV on F1 -1484.363 63.33
102 Model No. 001 without ITV on KA -1513.48 34.213
103 Model No. 001 without ITV on CL -1529.371 18.322
104 Model No. 001 without IV on V2 -1546.488 1.205
105 Model No. 001 without ITV on BMAX -1529.787 17.906
2nd TTV setting
201 Model No. 104 without ITV on F1 -1462.957 83.531
202 Model No. 104 without ITV on KA -1517.877 28.611
203 Model No. 104 without IIV on CL -1520.067 26.421
204 Model No. 104 without ITV on BMAX -1513.476 33.012
Residual error model setting
301 Proportional error model -1546.488

(Model No. 104)
302 Combined error model -1553.822 -7.394

(Model No. 104 with Combined error

model)

PLEOREF OSSR, ko PK €7 4E, FLBIOERM = A=AV FERENIC
protein binding site Z&¥r 2-2 > 3— Kk A hET /L L, F1, KA, CL/F1, 5 X O BMAX
IZIIV %, BRZEET VICHBRREE T NV EMISALTEET NV E LTc, D PKET VD%
XT A—F DHEEE A Table 5 IR LTz, /X7 A—% O IIV IX 27.6~56.7%, FAXfFAEIX
23.9% & FREECTH -7z, AMAX2 R MDD /NT A —2D RSE (%) 1% 10~30%F=E T
BV, BIUHICHETETWD LB X BT,
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Table 5 Parameter estimates in final PK model

Parameter SE (%) Description
Estimate
F1 1 FIX Absolute bioavailability
KA [h] 0.837 33.3 First order absorption rate constant
CL/F1 [L/h] 136 17.7 Apparent clearance
V2/F1 [L] 355 28.0 Apparent volume of distribution for
central compartment
Q3/F1 [L/h] 223 18.2 Apparent inter-compartmental clearance
between central and peripheral compartment
V3/F1[L] 734 18.3 Apparent volume of distribution of the
peripheral compartment
BMAX [nmol/L] 5.75 9.03 Concentration of binding sites in the central
compartment
KD [nmol/L] 0.0502 24.1 Dissociation constant of the nonlinear
binding
AMAX2/F1[nmol] 640 64.8 Apparent amount of binding sites in the

peripheral compartment

Model parameters: IIV parameters

IIV in F1 [CV%)] 55.8 34.72 Inter-individual variability in the absolute
bioavailability

IIV in KA [CV%] 44.8 34.12 Inter-individual variability in the absorption
rate constant

IIV in CL [CV%)] 56.7 72.69 Inter-individual variability in the clearance

IIV in BMAX [CV%)] 27.6 46.7 2 Inter-individual variability in the

concentration of binding sites in the central

compartment

Model parameters: Residual variability

Proportional residual 23.9 6.99 b
variability PK [CV%)]

a) SE is given on the variance scale

b) SE was derived by coding the residual error using THETAs
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2.3 ETNVBH
® GOF plots

B PK 5 /L0 GOF plots % Figure 7 (278 L7, 2RI L BHEM TR X OME R
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Figure 7 Goodness of fit plots: linagliptin plasma concentration in the final PK

model

The solid black and red line represent the line of identity or the

ordinate value of zero and smoothing, respectively.

_19_



e VPC

WIZ, ETANL TS ND MBEFRENERMEE B L TNWD L 2iERT 570,
VPC %#47->7- (Figure 8, Figure 9), A EEHTICHW=T =&t &R UEEE, &5
Fiik, BRMEEZOT =5 &y MO LT, MBETREZ 1000 B2 2 = L—a L, K
ST O TR A PR O H s KO 90% prediction interval 2B H L, FERRE & &5
ML Lz, ZO/R, 2.6 mg T, MIERG®RL LORERGRICBNT, £
TN X B HETEA D 90% prediction interval N ERIEDSARIZ LR TE T IR >T2H DD,
ETVOREEMED P REITFIEO P RE L X< —FHL T, —F, 10 mg FETIE, #)
4% 512 36 K ORIE K G H%IZHB VT, Cmax (1T DE T /L OHEFEAE O S fE X F2HIE D H
EIZHRT/NE L, BTV TIEHE/NGHE S /LT iz, LSO SIZOW T, HEEED
HIEIEEREO PR L K< —H L TBY, ET L0 TFRIEIZRI TH D Z & 1R
iz,
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Figure 8 Visual predictive check: description of the linagliptin plasma
concentration-time profile for a single dose of linagliptin based on the final

PK model
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Figure 9 Visual predictive check: description of the linagliptin plasma

concentration-time profile for multiple doses of linagliptin based on the final

PK model
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5 111 £ 5452

ARETIE, BAAN I BERFEEEOF I HlBROT—2 20\, VF 7V T7Fro
PKET VAR LTz,

W), 0.5mg, 2.5 mgBLV 10 mg HEHGREDT — X ZEMTICHWD FETH 120, 4
TOHEGEZ AN TIE, T AHFORT 2 — 2 HEEEICHEKRFESRD Sz
(Figure 5), F£7=, VPCIZT, 0.5 mg &G H2ET N CTOHETEREE AR LT- &
ZA, ETANOHEE ST IE & FEHIE O L & ORICTEREN R D H 41, 0.5 mg %
HBREOT — 2 kT 5T VO PRPEIXEL CTidZes -7 (Figure 10), ZOJFRKE LT,
ARETNNH O TR E AL I T D72 DICHN TV IENEE L T D ATREMER S
Z BN, AEFAHRTIIH 87 S 7 vk 22BN T quasi-equilibrium conditions @
RE %) LTV 5, quasi-equilibrium conditions & 1%, U > K (KERFF<TiE, V7
UTF) ORENFEEX 37 (RBGEHTIE, DPP-4) ORE LD bicEm 0 ikiEBIZ S
HIEERELTEY, £2FT52LT, ETAHOX LRI FEAEY A MCBET 0 )
BAE T 5 2 LA TXB[36], =D quasi-equilibrium conditions DIREDS, fEHTT
— %%y MG LTI L TW D&l 5720, FEEOMBETRE &7 A0 OHEE
Sl BMAX i (ffiEd DPP-4 J21E & E) 2 ki L7z (Figure 11), £ DR, 2.5 mg
BELO10 mg HEREOEEO MIETRE L, T A0 LHE SN BMAX L0 b&Eho7z
7%, 0.5 mg I EHHETIE BMAX LV ${EVETH 72, 2O &b, 0.5 mg TG TIX
AREF /LD quasi-equilibrium conditions O ENFRSL L TV &z b, LLED
ZEm, REEHTND, 0.5 mg HEHOT —X IR TH L L Lz, 728, 0.5 mg &5
BE% & 8T, quasi-equilibrium conditions DO E L 72V NE T /L COMENT %2 Fhii L 7=, £
TNDEHEMERm <, WHRIEZG5 Z LT TEhroTz,
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Figure 10  Visual predictive check: description of the linagliptin plasma

concentration-time for multiple doses of 0.5 mg linagliptin based on the PK

model with the dataset including 0.5 mg, 2.5 mg, and 10 mg dose groups
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Figure 11 Geometric mean linagliptin plasma concentration-time profiles with lines of

BMAX predicted by PK model with the dataset including 0.5 mg, 2.5 mg, and 10

mg dose groups

.24-



VPC O#ER, 10 mg FGHECB N T, BT /M X5 THNE T Cmax f1UT O/ NEFAR A ZE
Oz (Figure 8, Figure9), L2L7enn s, HAN ITALHEREBEE OF I FHRER O
Rl21l, VF27 Y FF AT & D DPP-4 BEEFEMITMAE TR 10 nmol/L PA LT Tizfa
MLTWD Z &b, BT /ML D ZO/NHiliE DPP-4 [LEROFHIPEICEZE TIZRW
EEZ LN,

55 IV i /NE

AWENC LY, AAN I BERFRETO) 77 Y FF o oRyEikx, V270 7F
> DRI D mechanism |2 DN EEEKFRY 70 2 L X T FEST A a2 ST 230 /89—
FAVRETVEMNWD Z & THEUNCEER T2 2 LA TE 7, FERMEENT, F1, KA,
CL/F1, BXLUBMAX [ZHAIAR, FAEET VITHBIRAEET NV E Uiz, ARFEHTCHG L
7TV EOREDHIED G, 0.5 mg &GHEOT —XI1%, 7T —4%ty LRSS
Z L LD, KM O BRI 5 mg F GO DPP-4 [HERI DY R 2L—a v THDH I &
EERETHE, 25mg & 10mg DHEHOHLOT =2 M5 Z LITERVWEE 2 B
77
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FUE AARANNAMERBEFICBT 2 )70 7 F o OREM KB IE/SE ) F RT3 L
B Ial—vay

U7 U TF X, DPP-4 DIEWAEHET S Z & T, GLP-1 O #2648, £ OfER,
MAEF A 2 2 Y RED ER & MBEEOKTAAET 2, BRRBRICBWT, @EERAL L
OB RIGRE ISR 5 ) 72U 7F o O e i b g DPP-4 %M & ORI OARE
PEZRIFTHY, ZOMRKRICE 2T LI R TRD A THARN21],

ARETIE, UL EORHEICEE-SE, BARN ITERBERGEFE 2B 2 44]0 PK/PD €7 /L%
R LT, £72, BELEZETAEZRIZY T 7V 7T 5mg %5% D DPP-4 flER A

Salb—y3 LT,

LA 5k
1.1 ANV
BIELEAKDOY 7 by =T &2z,

1.2 5 LA S

AKIENTHCIX, PK/PD 7 Lvofit, & I ¥ L [FERIC Structure model 35 X O
Stochastic model Z it L7z, 7238, ANFENTCIX, 1 E] & RIS, FENTRISROEIE DD 72
Wi, HEBEET NOMEIIITORNoT,
1.2.1  Structure model D7

HARN I BUBERPEE COH T HRBEROMER[R21], V7V TFFromfEhiRE L
DPP-4 [HE=R & OFHBIBIMRIE, sigmoid Emax model (2 X » Ci#dlciiik &Nz, ZoZ &
ME, KRN CTH, [FEED sigmoid Emax model #Ft4 562 & & L7z, AT,
semi-mechanistic model & L C, occupancy model Z 5t L7z, ZDOET /LI, PKET
A BHEE L7z DPP-4 H#LE (Co/Bmax) 1ZH-D & fiF DPP-4 BHEEHAAFBLL, Ao
ETODPP-412Y T 7V TFidihie LIFHIRRIR (Bna) ICEIET DLWV ET L
Thd, LTICET AR ETR LT,

C
DPP-4 inhibition = Epqy X —2—

Bmax
Emax . E-i‘ j(;j]%
Cb/Bumax : PK EF L 70 &3E5E L 7= DPP-4 #Lg
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AFENFCIE, 2824 L C, FOCE-inter {£% A\ /-[33], DPP-4 [lERIX, REH
fiEx v,

1.2.2 Stochastic model DT

ERIAENT, MERREET LV (F1ESR) 2E L7z, PKEZAHO IV IIHER
T, PDETAHDONRT A—=ZIZONWTORBRNTHZ L L LT,

Tz, EBELEEZ RTAETT VL, DPP-4 [HERNPRKRKDRICBEIET DI, =
WhEL 8%, =), EEHPMET T 2ICHEVERERRESRD EZZADNIZI END,
UFTORTRLIZET VERFTDOZ L L,

Y=Y+ (100-Y)x¢

Z Z°C Y% DPP4 [FRE, VIZET ML DHEEMEZRT, el FEIR 0 THHD o2
DERSAIAED T2 DERET 5, £F, LROBHET TN L ERETT N & A DR
e s IS

1.3 57 )V2Wr
ETNAOBWN, UV F 7Y 7T o omiERRERS L O DPP-4 [HE=RICX% LT GOF plots
BLOVPCIZTHEM Lz, FEOFEMIL, HIELSH,

1.4 Ylal—vayv
WL L 72 fofé D PRK/PD €7 V&2 WT, BARN LA RISEE TO Y F 7V 7FF o 2.5
mg, 5 mg, BELN10 mg 1 A 1 FEEEG%OEFIKERFDO DPP-4 [HEFRO 24 FefjH
Bryalb—ar Ui, BIuE, AN ITBORERFE BH O T FER119, 201 TOH
Ba BT 1#E 200 il & L7z,
Yial—rva lHWET =4ty NOBEIZLIFTO®@Y

Ak - A& 12.5,5.0and 10 mg 1 H 1 [A]
BB - & HE 200 1
TE IR HE

KA 5% 0.5,1,1.5,2, 3, 4, 5, 6,8, 10, 12, 16, 24 FFfH

YV V VY V
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FEROF—2ty FEHAWT, 1000 HYIab—arL, 1HOYI2L—a U
WA BGREORREELF N L, £ LT, ZOMEEERL, FRIEKD 90% prediction
intervals Z & H L7,

FITHE AR
2.1 TR
2.1.1  Structure model Dz

occupancy model & sigmoid Emax model ® &5 & OF T /LN @YU AR O T — # %50
W TN afER LT, TOES, (1) occupancy model i%, V27V 75 ® DPP-4 B
EVEFA O mechanism ([ZHESWZET L THDH Z &, (2)Figure 12 [Zx L7 I & BHER
TN S L OME BT RME O FEES X D€ 7 L[ O g 75, sigmoid Emax model Tl
40% LA FOTFRIVEN BAFTIE 72 o722 L, (B)VPC OfER, sigmoid Emax model T,
ET VO TFHNED 90% prediction interval 73 occupancy model (2R CTIEFIZILN -T2 2
& (sigmoid Emax model : Figure 13, Figure 14, occupancy model: Figure 19, Figure 20),
PLEDEE#H G, structure model & L C, occupancy model #3425 Z & & L7,
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Figure 12 Goodness of fit plots: DPP-4 inhibition in the PK/PD model with occupancy
model (upper) and with sigmoid Emax model (lower)
The solid black and red line represent the line of identity and smoothing,

respectively.
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Figure 13 Visual predictive check: description of the

concentration-time profile for a single dose of linagliptin based on the

PK/PD model with sigmoid Emax model
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2.1.2  Stochastic model D5

AT L7727 v 0 BHRIREE % Table 6 127~ L7z,

PD €7 /WVH DT A —=2TEMAX D& THDHZ &b, IIV DO EMAX ~OFLRIAR %
Bt Lz, Z ok (Model No. 501), HJBEIBUEIZAEIZHA Lz b Do, TIV OHEEE
13<8% L IEFITINSrhoTe, 2OZENG, EMAXIZIIVIFMARAERNZ & & LT,

WIS, BREETVOPIRET T VICERET T V2B LICREGMRET T VAT L
7ol 2 A, BRBEEEIZEEET (Table 6), FIHBETT LOHEEMD 95%(E X
MWOZEEFELNTWNWEZ END, BETTIVICIIEEETTLEEORNI L L L,

Table 6 Objective function values in the each stochastic model

Model No. Hypothesis OBJF /JOBJF
401 Initial model; 2312.106

PK:IIV on F1, KA, CL, V2, and BMAX

PD: no ITV

PK: Proportional error model

PD: Proportional error model

IIV setting
501 Model No. 001 with ITV on EMAX 2068.809 -243.297
Residual error model setting
601 PD: Combined error model 2312.106 0
(Model No. 401 with Combined error
model)

U EOBEIOREE, Hi&o PK/PD £ /L%, occupancy model & L, IIV % F1, KA,
CL/F1, 3 X0 BMAX, #%H75% 7 1 PK 3850 PD ICHHIREEE T A 2 H0A AT
TTNE LT, BKETNDOENRT A—X OHEFEE % Table 7 (277 L=, DPP-4 [LEHRD
FeERR7E1T 20.1% E HIRE TH - 72, EMAX @ RSE (%) 1T 1%Ki#TH v, FEHITELT
IZHEETE TV D B b,
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Table 7 Parameter estimate in final PK/PD model with occupancy model

Parameter SE (%) Description
Estimate
F1 1 FIX Absolute bioavailability
KA [h] 1.63 22.2 First order absorption rate constant
CL/F1 [L/h] 121 15.5 Apparent clearance
V2/F1 [L] 633 12.7 Apparent volume of distribution for
central compartment
Q3/F1 [L/h] 73.0 68.8 Apparent inter-compartmental clearance
between central and peripheral compartment
V3/F1[L] 683 14.0 Apparent volume of distribution of the
peripheral compartment
BMAX [nmol/L] 6.07 5.17 Concentration of binding sites in the central
compartment
KD [nmol/L] 0.108 28.5 Dissociation constant of the nonlinear
binding
AMAX2/F 1[nmol] 534 104 Apparent amount of binding sites in the

peripheral compartment
EMAX [%] 92.5 0.48 Maximum inhibition in percentage based on

baseline activity

Model parameters: IIV parameters

IIV in F1 [CV%)] 46.7 30.82 Inter-individual variability in the absolute
bioavailability

IIV in KA [CV%] 73.6 32.52 Inter-individual variability in the absorption
rate constant

IIV in CL [CV%)] 68.8 25.72 Inter-individual variability in the clearance

IIV in BMAX [CV%)] 14.2 30.52 Inter-individual variability in the

concentration of binding sites in the central

compartment

Model parameters: Residual variability

Proportional residual 23.9 6.99 b
variability PK [CV%)]
Proportional residual 20.1 14.6

variability PD [CV%)]

a) SE is given on the variance scale

b) SE was derived by coding the residual error using THETAs
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2.2 ETILE2 M
® GOF plots

K# PKPD €7 /v® GOF plots % U+ 27V 7F o O fEhiEIZ- >\ T Figure 15,
DPP-4 AR OV T Figure 16 IZ/R Lz, U7 U 7 F oS o FZHE & fH4E
1M 3 L OME B HIE & o Ttz RAF MBI 2R U722y, i B C 3ot/ i
DA DD B (Figure 15), & PKEF /LT SN L FETH -7z, —7H,
DPP-4 [HERL, EHME & REM TGS X OMEBITFRE & oM iR R it 28 %R
L7, F7z, MIEPRERS LODPP-4ERL b, FfFfHE B & iiEE LR T
flEd LOTEGHIERICH LT ey P LEGAICBW TS, RS EELMFERET 0 &
HEMZ R BAF 7 oA &2 R LTz,
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Figure 15 Goodness of fit plots: linagliptin plasma concentration (3¢: 2.5mg,

O: 10 mg) in the final PK/PD model
The solid black and red line represent the line of identity or the

ordinate value of zero and smoothing, respectively.
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Figure 16 Goodness of fit plots: DPP-4 inhibition (:k: 2.5mg, O: 10 mg) in the

final PK/PD model
The solid black and red line represent the line of identity or the

ordinate value of zero and smoothing, respectively.
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e VPC

WIS, ETNL RIS MAERRESS LU DPP-4 PHERNERFEE —H L TnbH Z
EEHERT D20, VPC &11o7 (VF 27 ) 7FF o mifEREE : Figure 17, Figure 18,
DPP-4 %55 : Figure 19, Figure 20), AERHHC V2T —4 & v b &R UBREL, #
50585, L 07T —% &> Moxt LT, miEhRE RS L O DPP-4 &% % 1000 7]
Ralb—varl, FREATOTREDHFRAES LT 90% prediction interval Z FHi L,
FHME L B EREZ L L, 20fER, VP27V 7FFromERREL, 2.5 mg T
X, FlElE 5% L OER %IV T, BT M2 X 2 HEEE O 90% prediction interval
NFEHUE DAL THETIL -T2 b DD, 7 /L OHEEAE O T oAl 13 F2HE O e fil
LS —HE LTz, —75, 10 mg #ETIE, PIREHEGRE KOKER GRICE N T, Cmax
FHEDOET N OREEEO T RACITEREO P RALIZIE X T/hE <, B 7 A TIRIE/NGHE S
T\, ZRESDRIZHOWTE, HEEMO P IREIXERFEOFRMEE L<—H L TH
D, T AVOTHMRRRETHD Z ENHER SN, b DB, K&D PKET /LT
MR IN-Z L LR CH -7, —J7, DPP-4 [HERIL, 2.5 mg HGHOKER 5% 24
R AT O FRAEIZE T VI L DT O KFEAR D bhen, ThAoR T, £
TN OHEEMEO P IEIZFEREO P RE LR —H L TEBY, EFT VO TFHIEIIRIFTH
DT EDHER ST,
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Figure 18 Visual predictive check: description of the linagliptin plasma

concentration-time profile for multiple doses of linagliptin based on the

final PK/PD model
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Figure 19 Visual predictive check: description of the DPP-4 inhibition-time profile for

a single dose of linagliptin based on the final PK/PD model
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Figure 20 Visual predictive check: description of the DPP-4 inhibition-time profile for

multiple doses of linagliptin based on the final PK/PD model
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2.3 vial—vay
HEEE U7 fe#& PR/PD £ 7 V& FHWT, HAN ITABERFBEE TD 2.5 mg, 5 mg, BL
W10 mg KIEH 5% O EFIKEERFD DPP-4 flEREZ I 2 L—1 3 » L7z (Figure 21,
Table 8), ZOfER, 5 mg B LU 10 mg BH5-% O EFIRAERFD DPP-4 [HE=R O i oufil X
b 24 B2 2BV T H 80%LL E (5 mg: 84.2%, 10 mg: 87.7%) T H & THIE T,
—J7, 2.5 mg F5-1% O EFIRER O H-1% 24 B4 © DPP-4 [LERO Il 80% A
(79.2%) Thd L THINT,
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Figure 21 Predicted steady-state DPP-4 inhibition-time profile for Japanese
patients with T2DM receiving 2.5, 5, or 10 mg linagliptin once daily.
For each dose group the predicted median inhibition (solid line) and

the 90% prediction interval (shaded area) are depicted

Table 8 Summary statistics of median value of each simulated trough DPP-4 inhibition

at steady state (Ezass)

E24,ss [%]
Dose N Min P5 P25 Median P75 P95 Max Mean

[mg]

2.5 1000 76.1 78.1 787 792 79.6  80.1 812  79.1
5.0 1000 819 833 838 842 845 849 856 842
10 1000 86.6 87.1 875 87.7 88.0 883 889 877
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5 111 B 5458
3.1 BT AL

RETH, BARN I BRERFEF OF I FHRBROT — 4 % AT, PK/PD E7 /L%
LT,

PEHRE R T A — X OHEEME T, ek PK EFT 406 i PK/PD €5 /L CADb->TEY,
ROREENREE LI RT A—21F Q3 Tholz (67%DIKT), &KkD PK £T V&
PK/PD E7VDOZNZNOHEMEHNCTY F 7Y FF o OmfETRRERHE ZE7 LHT
g L7= & 2 A (Figure 22), PK £7 /L2~ T PK/PD &7 /L Cld Cmax {57377 O Il 4 H 2
EREDoT, LLRRD, ZOET 20 FTHY, ZibD/RT7 XA —2EOESE T
B bo B2 LR,
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Figure 22 Comparison of the linagliptin plasma concentration-time profile between

the final PK model and final PK/PD model
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VPC Of55%, DPP-4 BHERIE, 2.5 mg BHREOKEE 5% 24 Kl fHE O P REIXET
M KT O KRFHE AR D B L7 (FHAME O A - 74.0%, E 7 /L0 TRIED H AR
79.0%) , AFRER TIL, KR H G- 24 Wil 07— 2 1%, £ 5:0046% 14 B B O 5.5 (Epress.14) ,
B 28 B H ORI GHERT (Epress2s), Bl 5% 24 Wit (Ezass28) O 3 DD
WA P TR L TV 5 (Table 1), AFl# 5% O DPP-4 [HERIZ, &GHIBE, # L&
b4 HBIITEFRIRBICEEST 2 ZEPHERINTNDLZ ENBI37], KRB ToOZn b0
RA LV MZHET S DPP-4 fHERL, EFREBIEEZOMETHL EE2 b, Ll
5, DPP-4 [ O FZRIE O AL, Epress,14: 73.0%, Epre,ss.28: 73.0%, Ea4,ss.28: 80.0%,
& Epress14 B8 LN Epress2s & Eoases & O TRE S BAR-THY, T ALOTRIEOH R
it (79.0%) 1% E24ss,28 DHHAE & ITUNE DD, Epreyss,14 35 & Y Epre,ss,28 O H1HHE & (X TEHE L
T, ZOERE LT, KiHiRRICKBIT 5ET M D HERENZEL TV 5 AT6E
PERE 2 B2, Epress14 8 L OV Epress2s 13 b 7 7RSO L OFHITH Y, Z ORELLRTO
T —=HZ IR L TRV DIZx LT, Eaasses Ol S LIRTR L OBIEDO T — & (TERELE
NTWD, ZDT2D, Epress14 3 £ Epress2s (2T, Eaage2s DIE D BET M X H1F
WEAREWAEEREZ bR, T0E), fHERE LT, TS AOHEEMEO X
Ea4ss,28 DHFRALIZIT S 22 o T Al BEMVENE 2 Hivtz, Z OFMERE S O T Y F 12O Tk
T — 2 OHlF) D PK/IPD £ 7 /M X > THENCRBITEX ez b 0D, LSO
JFUZOWTHE, BT VO FPREIIRB CTH D B 2 b,

3.2 vIal—Igv

M L 7o e PK/PD 7 L 2 2T LT, HARNITANEREEICY 27U 7F 2 2.5 mg,
5mg, BLU10 mg# 1 H 1[EKEERG%OERFRIRERD DPP4ERO 17 7 A )L
UIal—TarlLl,

Yz b—a DR, KERS 24 K% 0O DPP-4 fRE=R (CEXE) 1%, 2.5 mg:
79.1%, 5mg: 84.2%, 10mg : 87.7% & Tl 7z, KEHK G 24 K% D DPP-4 [HEFHR
OIFERME CEEME) 1%, BARN ITHRBERFEF[21]TlX 2.5 mg : 77.8%, 10 mg : 89.7%,
ShEN TT b R B (18] Tl 2.5 mg : 76.8%, 5mg : 84.8%, 10mg: 89.1%ThH 1, ¥
L2 b—va UORERE FERIE L ORICKE 2 TEEIEER b o7,

V3al—YarofR, VFZUT7Fr 5mg BLON10 mg KIEKREGH TIE, #E5H
Rz B LT, 80%LL o> DPP-4 [HEREZHRFT 5 Z LRSSz, — 4T, 2.5 mg RKERK
H#%TlX, #5% 24 K] DPP-4 BEHEHRIL 80%% TH5 Z L AR Siviz, 72, EARR
BRICBWT Y, U7 U 7T 2.5 mg KAEHRE 24 KFi]i% o DPP-4 BLERIX 80% % F[Al-
Tuwz[18, 21],
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F o T TV & RV 2R 38-4017 5, DPP-4 BREEMIC L » Tl 7L o — AR
K TEH &2 e KB S B 5720121, DPP-4 PERZ2# 5RE 28 L T 80%LL_FITHERF
THZENBEELEZLNLTWS, 7o, ZOBMRIE, BARRBRICEWTHHERI T
%o

U7 U TF oo AARNLREERSBE O I AHRER21ICB VT, ZEigREmiE s L=
—AREDOR—=ZF A4 N EOEFE CEHE) 1X, 10 mg TH5HEICHAT, 0.5 mg &5
FEB LN 2.5 mg BEHHET/ha< (0.5 mg : —11.5 mg/dL, 2.5 mg : —13.6 mg/dL, 10 mg :
-25.0 mg/dL), 2.5 mg &G TIZMmF 7 o — 2L FER TR R RICEE L TWh 0 g
DEBEz BN, 2, VI 7 U TF o HARN T REERPESE OF T FHER[19] T
5 mg WHIIZBWT, IR IR (R7 U R—2AHREE) ICHXTHER
HbAlc DA DR AL, £72 10 mg HE5HE & O] TEDELRIZKE RZEITRD LR
Mmool

AT TF o0 BAN T RNE R EE O IR (41118 T, 50 mg % 5- Tl
%Q%E%ELT8%&&&HPP4@%$%%%T6_k#méhk#,%ng&ﬁ?
RENT, EHEREMEE S L 2 — RAREDONR—RT A B OELE (CFHIE) 1% 50 mg
HBRECHART, 26 mgBEGHT/hE)-7 (25 mg : —4.8 mg/dL, 50 mg : —12.0 mg/dL),
Z LT, BARNIIANERREE OF I AHER[42] T, 50 mg & 5HEICK LT 25 mg &%
HBRETOR=ZF A 260 HbAle ODZE(LHE CEHE) 1Z/hs < (25 mg:-0.67%, 50 mg :
-0.92%), 25 mg TITR RN FITEE L TOARWATREMENR B 2 b,

72, o DPP-4HER (270 FF o, 7uZ ) 7FF ) (2B Th, HbAle 23
R EBERBY ZR LIEHETIE, 80%LL 1> DPP-4 HERPHEFF SN LIHETHD Z &
D3RR FRER DOFE F 0 DR ST 5 [43-46],

UL Z e, DPP-4 HERIOHROHMELEL LT, KEHEZEL7Z 80%LL Lo
DPP4 [HEREM/FTH L EZRET DI LIFRY LB DN,

5 IV i /NE

ARRFHZ LY, AARN T ERERFEE OV F 70 7F o ofEyEEs L O DPP-4 fHF
FHERS 1L, Sigmoid Emax model Tid7e<, V527U 7F & DPP-4 ~OfE & E% % model
HHIZHLAGA AU TE Target-mediated drug disposition model |2 L - CEUNZFEIRT 5 Z &M
T&E7-, AL, F1, KA, CL/F1, 8X U BMAX (2, Z&AIFMHEXHRRAETT /VICH
FRIAFE T,
BELZPRKIPDETLZHW - 2 b— g VORER, V27U 7F o 5 mg#k 5%,
DPP-4 [RERDEEMFEZE L T 80% U EMFF T& 5 Z LavRran/zZ &b, HARANIL
RBERIFBREICBWTY 727U 7F o 5mg Wik HETH D Z EnTEF S,
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% III # Target-mediated drug disposition model % [\ 7= sensitivity analysis OFEF}

BIEBIOE I EORFHILY, BARNIIARERFEE COY F 27U 7F o OEYH)
e L O DPP-4 [HERAER 1L, DPP-4 ~DOft4& % model HIZHLAIA A T2 Target-mediated
drug disposition model (TMDD model) (& & - CEUNZFLRT D Z LN TE 2, Z Ok
TMDD model 73, 3E¥DOBHEAR IR % Gk T~ 2 72O HW BTV B BIIE, BIfEE T
% < WE SN TN 5[47-49], TMDD model TiE, 3L 2 O3 O IILLAIEN) & D
ARBAERLTVWDRIA—ZTEETHY, ZHHD/RT A =X K-> TIEYO M
RER L OFE ORI IIHE STV LB X b b (48, 501, A IO THEZE L7
ETFAHRTIE, V7T LEATRERNTH S DPP-4 & OHARIRIT Protein
binding parameter (KD, BMAX, ¥} XL AMAX2) ([ZL->THESNLTWD, ko Z
Lt ARElOEYBES KO DPP-4 BRERO LB ER 2 REMICHRFT 5720, b
D/RT A= DI, AFOMBEFRE R L O DPP-4 BAEROR R &0 X 5 el
A NF 9% sensitivity analysis (Z CHERT D2 & & L7z,

F72, VI TV TF UL, o DPPAEAITHLL 7V TFF o, EnFZ TV TFF o,
BLOT T U TF AT, DPP-4 12X 5 KifEIZFIERF I <, DPP-4 ~D# k%
FEIZENEBEZ LN TWAIBLL, 2D, V7V TF 0L, Zhbitho DPP-4 BAE
FNCEENTHR I EITIR, —5 T, DPP-4 ~OEWEAPENER & & 2 505 IERE O
KpEhE, B X OIERICR WV ERIIARD b T 5([35], A EIFEE L 72 TMDD model H
21X, DPP-4 ~OFFMEABEL TWDH/RT A—% & LT DPP-4 ~oFifitk (KD) 25
FNTW5, £2°C, V7V TFFrofyihiits X OSERPRMEICOW TR Z RO 2
ZEEEME LT, KD SRR SIEAIM T, CL/F1, Fl, 8LV V2/F1 0L LTI
WEhfgss L O DPP-4 fLERA~OREN & ORRIZELT 2 2 & Mat Lz,

Bl V7V T7FroiEyEER X DPP-4 [LERIZK%3 % Protein binding
parameter DZEEN M IF T HEO R

1.1 71k

Be#& D PK/PD €7 /L H D KD, BMAX, % L < [ AMAX2 D/3F A — X il % E# S W T,
U270 FF o omsETRER O DPP-4 REROEFIRERORFEHERZ > = I L—
gy Lz, K37 A—ZOEEEL, &K PK/PD 7065850 7-HEME (Table 7)
ZIRAEL LT, KDIX0.14%25 10 1%, BMAX (X 0.1 %25 8%, AMAX2 (X 0.1 %05
10 FOECEB IE-, 72k, BT 2= DA OMEIT AT T LV OE THEE L
7oo HEIZ 5 mg lZEHE Lz,
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KXT A —=FOEMPRIT TR, V27U 7T romfEfiEER X O DPP-4 fHESR
DOEsEHER, UV F 27U 7F D AUCs B L O 7 7 DPP-4 fHEFRIZOWTHER L7,

VX 2 b— 3 UIZiE NONMEM Version VI # W=, /> /3— K A2 MEHT DX
7 A —X OHMHIZIX WinNonlin®% V7=,

1.2 [EES

UF7 0 7FromiEhEER L DPP-4 FLERORFEHERE ~D% Protein binding
parameter (BMAX, KD, 15XV AMAX2) OEENN MIF T HE L R L2 S % Figure
23, 24, BLO25 1R LTZ,
BMAX OZ#NCE L ik (Figure 23), BMAX @ EHIZHEW, V27U 7FF o ol fEd
BEEIX B L, —J7, DPP-4BlERZ, BMAX OZBICEDL LT, 1ZIEF - ETH-oT-,
KD OZ#EZB L Cix (Figure 24), V727 U 7FromFERRERD, EEMEIZHET,
EEAME (K KD ) TIRRELEH Lo boo, KM (& KD E) 1272512
eV, KT L7z, £72, DPP-4 [HERE, mAEFREOLE L FREC, &M (K KD
) TREH LR >72b00, EHAPEICR DI, RE<ET L,

AMAX2 OZE#ZE LTl (Figure 25), V27 U 7FromfEdRERS O DPP-4 [H
ERAOEBIIRD N0 o7,
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Figure 23 Simulated plasma concentration (upper) and DPP-4 inhibition (lower)

-time profile at steady state for perturbations in BMAX at linagliptin 5

mg once daily administration
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UF 270 FF D AUC,ss B L~ T 7 DPP-4 [HEHR~D BMAX, KD, XN AMAX2
DEBD B Z G LT/ 8% Figure 26 (IR L7z, U F 7 U 7FF D AUCI1E, KD F
L OVAMAX2 OEEZ K » THHERFEIIZ T 2o 00, BMAX [ZBW T, U
fELl ETRk&< ER Lz, —J7, b7 7 DPP-4 fH5ERIE, BMAX B X AMAX2 OZE#)IC
Ko THERFEBIIZ T o720 00, KD TlERE LB L, FFICEEHEL Y HICHMN
P (E KD ) 127251256, K& <IETF L=,

-58-



Figure 26
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1.3 %

AHITIlE, 4 L7 PK/PD €5 /L% U 7= sensitivity analysis #EjiL, Y+ 27U~
T2 O MAEFREE R L O DPP-4 BERIC&LIZT KD, BMAX, XUV AMAX2 OEE O
Bafrat LT,

RETOFER, UV F 27V FF o o fEHRE T BMAX OZBIOREZ K b2 IT0T o7,
E7VHO BMAX 1%, M4E+H DPP-4 BEZE L TR (i, T /LVOHEEMIT 6.07
nmol/L TH v, CERCTHE S TWAHIE (HAANTIE 7.84 nmol/L) [51-54] & RIFRE TH
o7.), TOZEnD, mIEH DPP-4 IREDOEFI L, U7 U 7 F o
RESEBTDAREMENB Z B0 5, BAAN 11 BUERIEEEOF I FHBCix, migh
DPP-4 S IZHIE LTV ez, BN To i DPP-4 #E OEIKM D7 & O
FIZBI L CIE R CTh D, —F, EIOFHMio-%, MmiEh DPP-4 {EHEZHIEL TEY,
fEBI O G-Fi o M DPP-4 1514 & fefk  PK/IPD 7 Vs BHEE L 72 #5100 BMAX & O
I, IEOMBINGED bhlz (Figure 27), L7i»> T, &EHTO MmIEH DPP-4 {EED
BB, U F 7Y 7T o R EAMEAKR TR & < BB L ATREME D RIE ST,
LU b, ARBROB G/ MEH DPP-4 &M (Pef (/M-S fif)) 1, 12500
RFU (6840 RFU-17600 RFU) & fgefilfiz b~ T 0.544~1.40 {5 E ORI ZETH Y,
BB L OERERBR O RN S, V7Y FF IRV EERE AT 5 2 & DRI
INTNDHZ EMnBI55], ZOREOMIEFR DPP-4 REDEENC L H80%, Lotk L,
MEZWHETH L L BEZHbND, £, ARFIORER1S, BMAX OEBC LD N7 7
DPP-4 [HERA~DEBIIRD Lo 72 2 Linh, REIOFZECIZmET DPP-4
DETELRNEEZOND, LEOBAND, [ET DPP-4 IS < &
OB T2 N EEZBND,

Bl
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Figure 27 Relationship between the individual estimated BMAX by final PK/PD

model and actual pre-dose DPP-4 activity

KD OZEhOREL, mEiftE (KKD ) <Tik, V27V 7FromBERiREoEE)x
BOLNNEDOD, 77 DPP-4 [AER~OEEIRDO LN, ZOZ LD, KD O
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