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Pharmacokinetic/pharmacodynamic models of anti-tumor agents in
xenograft mice: historical review, recent advances, and application
in drug development

HU Kuan, HUA Kai, YANG Jin

(Center of Drug Metabolism and Pharmacokinetics, School of Pharmaceutical Sciences,
China Pharmaceutical University, Nanjing 210009, China)

Abstract: Xenograft mice are preclinical animal models of tumors and are widely utilized in anti-tumor
research. PK/PD modeling of anti-tumor agents is an approach that can capture the time profile of the "dose-plasma
concentration-biomarker level-tumor volume" process based on experimental data from xenograft mice using a
non-linear mixed-effect model. PK/PD modeling can help optimize the dosing regimen for anti-tumor therapy,
evaluate any synergistic effect and help identify an optimal schedule for combination therapy, as well as providing
a preliminary estimate of a drug's efficacy and anti-tumor potency in the human body. PK/PD modeling can also
help by quantitatively explaining the mechanism of the tumor-inhibitory effect as indicated by changes in biomarker
levels after a drug acts on its target. This article provides a systematic summary of the background, application
range, and limitations of the mainstream anti-tumor agent PK/PD models. Recent advances in model structure
development are reviewed in detail. Finally, we discuss promising applications of PK/PD models in anti-tumor
medicine development from the perspective of a drug's mechanism of action, optimization of combination therapy
schedules, and their clinical translation.
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Figure 1 Schematic representation of the overall model architecture for the modeling of anti-tumor agents
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Figure 2 Schematic representation of the model structure evolution in the PK/PD modeling of anti-tumor drugs
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Figure 4 Schematic representation of recent advances in the PK-BM-PD modeling of anti-tumor drugs

dT Aot T
J:EpHH3.O—7
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E[LY] (kstasis + kdeath) g (13)
dTng - E k. T (14)
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Eo- pHH3" _ C&,
" pHH3; cp e,
Imax : Ccen
EDrug - Icso + C (15)

212 B EAHBFFFMER  Yates H45 4 Simeoni
A5 TR G 43 AT AE B RS AR R B R S PR AR R DA i R
PR L S S G A A LR, ST 1 — AN AL R SRR S P AR
B (B 2F, 2016 F117). A5 B DL iR 48 A 7E 3 GRS
(cycling state) 5 JE3EE RS (non-cycling state) & A
AT 24 B R B AR Ak, A8 e 3 TE IR S 40 B DU A 2293 41
77 Tk N AR I TE AR A — B 4 — A5 AR 1 248 i 28 T 14 5
A, PSRRI 40 f s 2t N RTINS . A
FR) — 2 3 225 B9 Simeoni [ JRF 189 58 RS 7Y 1 45 HORE 189
B 6 Aoy — HB 43 3K 184 B R 7 4 BT 4k 2 4 o
B IR AS (3R 17), 386 FE R 25 41 i ) 38 BEIR A 4
i ) e A i iR A R P 1 i sl 2 PR (5K 19), {8
i 98 7 Ji5 A% M 26 PR3 K . AZD8055 1l 3@ i B A%
AN T7 AW AT 2253 28, F I FE 5 AZD8055 Xf
FLRTHE ) (1) BM IS 204 F5 B2 INHIB ARG (X 24, K
2F-b)o A 22 Gy ZLA A A8 i e 40 P R ST B GRS
SR B 4 P 2 G ) 4 A e s SR, R TR AR
6L 384 BEIR 25457 B BT ] A0 K B R 20 R T, O TR
5 AR BG 5E IR A5 1 1 35 3 B IS [A] (mean residence

time, MRT, 3\ 18 3 7= V- 4 i B I 5] fifi 77 22 79 ¢ %2 410
il i & 4, B 2F-a) 2 I HIN 7 FE 06 R, 52 B 40 o Jd i
PP TR = T e T BR . IR AR S5 EARBL T
it JeE 2 P A 3 BECIR A 5 AR G BRI AS 1 2 LA M A 22
732 PV R A R e 0 7 R B R A Y DA
L2 A B IR 1255 2 N R, IX A A9 A TR HE 2R
Gy NN LA 25 MBI, 3 R A SR S AR R AE 2
Ha) b B B K B

dCycling _ A,NonCycling -
d 1
o AT
1+ |— NonCycling
N
Cycling - 4, - INHIB -
cveli Erax - MRT"Y
cling———
yelng MRT" + MRTY,
(16)
dNonCycling _ .
=4 = 2Cycling - (% - INHIB) -
o + NonCycling
i1¢
4o _
[1 + ( NonCycImg) ]
A
a7
MRT = . (18)
" 1, - INHIB
Ao - NonCycling
Ratenoncyclingﬂcycliﬂg = : 1
an
Ao .
{1 + ( NonCycllng) ]
Ay
(19)
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213 PRETRER AT RIMLEI M EX & A 2 PK/PD
B R 400 (cancer stem-like cell, CSC) 1 H 3%
BT A T BT Mg () A M S S5 1), A G R 24
I REAE FH T 23 A0 1 1E 5 Bl J83 41 )i (differentiated tumor
cells, DTC) 1M 1R M X+ CSC 7= 4= 45 2 1) A% 45 B g )i,
S TR VR IT W13 e AR BRI N /N, A8 — B (] S5
CSC X H] 434k i 24 2 P ify 5 B0 52 k7. 22 Bk
4k (B4 54N 7% DIDR~DSDR) 4 Al F] T #7) CSC
R A, LR S PR 2Rk T CSC R e, B Fi R B,
PG D1DR 84 41 D2DR ¥45 B T4 i) CSCs4, i
TRk, A R IERSSOSU R 28 D) £ [T He 57 {4 9 BE I CSC
BRI RS PUM IR T B T — R Y PK/PD B .
Wt B CSC HE [m) V697 W R PR 16 7 1 S 850, MR
€ TGV BRI g, 5 AT e AR 3 R 4T 8 245 (1) PD
S 401 1 5 L og e 4 (K13B #13C). 41 1 D2DR
SRR U ET AT LA Hill 77 FE 9% 28 PR Hh 28 K 44 xot
Jiev 2 1 GE | PD 23U ¥ ECyo fH, 3 4 ZEK 2 1) PD ¥
fIE 2 I g xof iR B AR (18] 3B). £ D2 kg W) i Bl
D1DR 2 {41 #1 ] CSC, £ & 5 %7 )8 & Jé s fi & &
JE Bk i £ A549 5 MCF-7/Adr 5 1% /1N R 7 27 2 B 1
R4 i B 5] 2 fe H RE B K BX & 8 97 41 1 CSC i
2RSS (HII CSC A i I8 248 i 110 o b, s e Jie g 1) S
FIE)e 25 U2 DR - 3 A 1T ok AR AR PK 24,
TR 2 T DAL 24 VR FE ) T SR ANARL Y . 238 1
F&, W72 1 £ Btk CSC IR i) A 52 701 B A0 s 1 H
RN L) A Rl 3RS RN BT . XS
OUN, WA EN 2 OIS BEROL ZHEE
PINBERY, &S E 2 TR AR N [ 28 % T Pt
i 983 245 1) PD 2> B30 AE AR A A 3 L ] 4 053 (]
3C). bR PR g Ay SARAE AN E T W R HR £
ARG, XA R A 2B A K=

R IR LB SCE S U2 I BRI T CSC
B [a) Y60 97 0 T o MR VA o7 B BB (BT R AR A
R ARILE —FH KB T CSCINAH E/EHERE. F
H, 44 PK/PD 5 B AS T e R AR, A A2 DA IR
TR T IR R iR A AR e O AR Ak, T R AR A R
R b B 25 2 OR 5 PE A B R E L. BER Bk
ANJE, Wang 5 BATE 41 i 53 A 4E I B BL Al B4 A\ CSC
M=, B T — AN madTHH e e e s 2 Bk
M BX & ¥R T PK/PD #5521 (8] 2G, 5K 20 F1 21). 4544 DA
Jif 988 1A A5 5 CSC A% AE A PD WL Fi b, 1832 CSC 5
DTC ¥y m] #4518 H BEHH T A, CSC 5 19 FE 1) 73 AL Ji R
41 A2 (proliferating differentiated tumor cells, pDTC) [1)
158 3 F2 53 ) Logistic 5 Koch B3R, pDTC ) 2=
AT R DL — B 3l ) 25 7R kg R, CSC 1 /b it 72

DL R B B 115 Ry s » 1A, &7 JE B Jeilfid
32 DTC ¥ T 11 77 2 e B H o gg v 1, {8 pDTC ik
NG T B 2 7 9 AE 4 B (1) DTC (non-proliferating
differentiated tumor cells, npDTC) T 3% ¥ I 1= (=X 21,
2G-d); (HE&7Je & Jé b i A A B % B ) Jes 38
R 48 FA 55 78\ N R CSC 36 FE 254 (30 20, K 2G-a), i
CSCHRZ T i, I &7 )6 B J& BRI vy 4t Ji A %o gk 2>,
ERNET BB e PUMIE AL RE R IR S i 25 . 2 T i n] 3 )
CSC LAk /Iy CSC 1 #fir (3K 20, Bl 2G-b) K {2 i3k CSC
o34k (B 2G-c), Mt B ik CSC A =, i 58 2 1 i 987 4
Mgt T B B e K. 5 ECERBIAALL, 2 B2
H5HEME N AR BRI (3020 F121). iR
J T R i Rg A7 a7 5 P A S R R R R AR — i, B
By T8 98 3 PR N B A CSC HE )76 97 5 P v o7 Bk
A B [FE AL B[R] 8 Re T 1 Ol -5 24 T R, 1%
TS R L ) 1 B A FH 24 PK/PD s AR 3R {1t T T fit 2
AR M.

dcsc Enmaxsun * Can

= kg-(1+c+c). csC -

50,sun sun

CSC
1-———>~ _|+k,-DTC-R, -
CSC,, - Inh2PA [ ™% o
(1+ Eff,, - DOPA) CSC - DTC,)
PA DTC - CSC,
(20)
dpDTC _ 2/10/11 : pDTC pDTC B
dt A, +24,-pDTC DTC
ke, - pPDTC - k,, - Cy,, - pDTC +
Re - (1 + Eff,, - DOPA) CSC - DTC)
« pA DTC - CSC,
(21)

2.2 BMIEBR#HR

221 BME5EMEIEBEMREERER SMBEKE
RBEA K1) BM ¥R BE 58 £ 4% 2 0t P ygg 386 4, 1f o e
WAk AT R S SRR 2R IX B BM A R, T AN IE R
TR . ZBEAl ke —Fh AR 0L 2 38 )5 (thio-
redoxin reductase, TrxR) A ¥ s (1) 37 %L bt b 53 240591,
I R E S5~ FR 3 R v TrxR 9 M 7K T Bl e 88 0
T 8 007 S 5 T ), R A A B T
7N TrxR GG PEAR A 5 b g B T I N TEBR R o Ye A5 07
ST /NN BM 5 R 1 5 52 B FH 1 PK/PD 5
A (B 4B), 7022 A1 23 J2 i 18 TrxR i P4 0 i I8 7R 20
XI5 J7 72, Horh DOSE 8 H A 25570 &, 1E N h & &
WS NBEARY AR o TrxR v T 10 AR s Bk, 5
Jo U I R B AE AR, T 2 e AT Ik DA E TrxR 2% 35 K1 77
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AR FE L PUME VG M o AH LU P A B, DA b g 344 4 5o

FRRAE R VAR R R B A BE 4 i LS A B BB Y

HRRAEENE . R 2 TrxR VG MK s 1 3L 28

DL s W P J88 () 5 08 1k R o 2 e G R A 45 24 ZH 1) TrxR

VP i 2 A 2 3 R AN B B AR D i R g e e 4t i 1

T B FT R IR 5 H X B BM A7 E 28BS 5 R Y
PK/PD #5458 7 ik .

dTrxR 229A4N

dt A+ 2N

(1+ S, - DOSE”

SCZ + DOSE”

Ky = Ko © TrXR -

TrxR (0) = Ki (22)

out
dN _ 24N Eg, - E
dt A, +24,N EC, +E

TIrXR 1 eament
- TrXR conrol
222 %ZBMERSBM-E5%S-LBER mTOR
I 0 i) 771) AZD8055 1 H T+ £ J5 BT # 1A  UiF pS6
5 pAKT ¥ FZ, Yates 52V A 20 24 #fr 5 25 Wy 5 42 5
BM I PS4 &IRE B (B 4A), Horb P RIL& 4 B T-3F
fili 25 W %5 B A BM I T T FH X g 2 Je e 88 o 52 F) A
X TTERAEFE
INHIB=P -

N()=N, E=1 (23)

AKT S6
ATK. +(1-P)- 56, (24)
2 i PK-BM-PD 15 B & BM i £ A% ft, 2= 57 RlI
T IR 57, AR 1M, — 48 BM LA 3l (G 5 T
(1) 77 3 3K 2 fir 97 438 5 40 1], BM-15 5 4% 5 — R I A 2
A TR FHIRNRR AYAE R T3S E 15 5508
. LY2157299 5 — A H M TGF-p ¥ B 45 i 771,
Bueno ZEHSI7E BM A5 B 5 Jil 8 389 B AR e 2 [R1AN N T —
A H AN B 5 4RI RIS 5 % SR (K 4C) A
% BM-15 5 1% G- AR B v H AR —FiE 5 0
FE I ALY R A, (ELAS 5 (077 AR AN B 250k B R 3, T
H BM 1L UK 5l . PK/PD A5 45 I K 1, LY 2157299
BT ¥ 15] () BM (pSmad) L A 55 1 8 B 2 35 e
(turnover time, 18.6~32.0 min), 1fij {5 5 7£ 1% 53 g = 1)
ST 35 A 38 I ) 2E 6,17 ~28.7 K, R WIS 5 4% 1 iR 78
LY2157299 (1 25 iR v o5 = FAEH . TR iR A R, 4
AU T ARF SR, B2 PK-BM-PD 5 %451 T
%%;‘%2% 3[15,17,21,29,32,33,45,56,57,59,60] R
23 EZPKERMRIIER
231 WIEHEAYHPKEE BIEILREPKE
b 1A Bk P A o R, LY 2835219 5 — AN HoAT XU
REAE )8 2L CDKA/6 i) 1), 58 — Wl i e [ 741) o 184 o

AU 2 . Tate ZE02% 37 7 — NI PKBLAY | )
5E 2440 RE 85 XU AR FEAT W — T VR AR 11 B R A i A5
1 RS H 5 5 B = AR 1) ) 2 S AR R i % 4% 2 (1 BA) .
LT R I, AR LB R I 28 vh 4R 2 BT
AT P 243 4 b 451 3 184 o, T 2 300 S 51 4 0 3 5
FR) R R AT g o UM IACAST o5 2 R R U B R 1 o7 —
BT B, &7 RILE IR WS 7T 4 P-BE 2 1 AMEE, TS AR
B il R mR . AR IR AEFE I AR, Yao 250
FENL T — 2R WA R XU AT s PK AR AL (] 5B), I
FE 5 RSO rU B T IRISCE IR T, ABEALL 25 ) 4 411
He S5 1 EIR SO FE
232 AR PKAFEAYIM PKEEE  HiiR
2 PK/PD #5425 () 4 39 PR AT S 5 31 i g 444 A 17
B 2 7 — T, VA b A I T (] A M PRCREAE KA B
T B AR R K 1 24 B 24 B 2R G TR A . b 3B
KA & —A CYP3A Hifs 37, Li ERIEL T — NN
75 5 D8 2 0 4 28 K K PK/PD RSB (&1 5C), 16 o2 $h 98
KA 2R G375 o 2R I T () 52 B ) S 0 ) Hil 7 448 5 O
Ro MPARBEHETYHNAFERH RS ERAEAIE BT
R K i 2, RILAIN B 7 5 R 2B 1) R
AR R B E T AN BT R, B 70E HE
DH R R 2 5 SRR T BRI RGBT S5
FIFFE o« 1220 78 53 3 W S B KG A 4l B2 PORRAE A
B 7 A T e A K T 28
233 MMEBRAATRNPKEEERER BKE
YEIT R, IR Z5 WA AE PK A H.AE A (drug-drug inter-
action, DDI) i}, 5 #Efi X 73 PK #1715 55 PD #4911 DDI
A G EA T RfE . LR R RS 2 ifh N
i, 3 [R] B 4 245 14k 22 7 At 26 1) A oty A 2 5 0 7 AR
AL . Chen FEEUER TE - 1 5 J8 T I B A0 60 1k e %
K2 Fafth Z8 10 R G5 Fr 2, &7 1 B PK/PD #5 AY
(15D). AT %L T 2 5 4\ DDI B $5 2B A (1
[F 46405 H ARk B0, 99\ DDI N &K 5, &R H
b bR A 55 35 PR A, R W98\ DDI$2 i 7 LR X s 06
S I HE R BE 77 90\ DDIJE BT bl & w1 1 [5] 4 BUIS
F RGN, e BB F I — 350 43 P [R) R RE 1T g U1 PK
FHOAER, XTERIB A2 R IUNEE ., ZEAIR
B, 44\ DDI (1) PK/PD 5 5445 Bl T 5 K5 #fy Hb 52 457 A~ [
YR T77 T B R RS AR IR, AT B B A
PEAG BRI R HOR /DN
3 B ZEPK/PD SR N AR
31 REAMERNBISHULHARR

7£ CDKA4/6 11 # 7] LY 2835219 # ## % {5 02 |
BT 90 3 3 I A5 B ASE DL 4 BT i AR S B IR AKCE A D
200 ng-mL* B 74" B8 4E FERE A 20 i i SR, X
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Table 3 Summary of the PK-BM-PD models published in recent years.
Compound Target Targeted Biomarker model Mechanisms of the tum(.)r-g_rowth inhibition driven Ref.
biomarker by the change in biomarker level
Savolitinib cMET Phosphorylated  Link model BM module is not linked to the tumor growth model. [15]
cMET
Crizotinib ALK kinase ALK Link model and IDR BM module is not linked to the tumor growth model. [59]
model
LY2157299 TGF-p kinase pSmad IDR-signal transduction ~ The deviation of BM from base line triggering signal, which [45]
model was transduced through a series of transit compartments, the
signal ultimately decreased the tumor growth rate.
GDC-0973 MEK pERK Link model The deviation of BM from base line resulted in cytotoxic [56]
effects.
GDC-0941 PI3K pAkt IDR model The deviation of BM from base line resulted in cytotoxic [57]
effects.
PF02341066 cMET kinase Phosphorylated Link model and IDR BM module is not linked to the tumor growth model. [60]
cMET model
PF04942847  HSP-90 AKT Link model-signal The deviation of BM from base line triggering signal, which [21]
transduction model was transduced through a series of transit compartments, the
signal ultimately exerts cytotoxic effect on the tumor cells.
AZD8055 MTOR kinase pAKT and pS6 IDR model with two The deviation of BM from base line inhibits the passage of [29]
BM tumor cells from cycling state to non-cycling state (i.e. mitosis)
and there by decrease the tumor growth rate and prolong tumor
cell's mean residence time (MRT) at the cycling state, which
made the tumor cells begin to death.
Erlotinib EGFR TKI pEGFR IDR model The deviation of BM from base line resulted in cytotoxic [33]
effects.
TM-208 EGFR TKI pEGFR IDR and tolerance The deviation of BM from base line resulted in cytotoxic [32]
model effects. The cytotoxic effects generated by this process were
assumed to be decreased over time to modeling tolerance.
Ethaselen TrxR Activity of the  IDR model with BM The production rate of TrxR activity (k;,) is influenced by the [17]
TrxR system interacted with malignant degree of tumor (expressed as the growing rate of

the tumor growth process

tumory).
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Figure 5 Schematic representation of the PK models for drugs and combination therapies with complicated pharmacokinetic profile

IR |52 RE T 2470 IR AR - CDK4/6 #1718 A 1
Wi 2h 245 SR G o B — 4 R A R S 08 HE DL A IR
LY2835219 7 = 7l & N 25 BE 22478, WF 7 8 K HE 24
PR 2 28 BB ZWAE i 91 B AT DL — A B AR P 1
77 B A P T 3 G A, L B R S T
(xR 13 1L 14, E 4AD), iX Pl ¢ & BB A BR AR U L&

25~100 mg-kg 71) 5 7 < B 11 R4 24 1 g A K it
2, RPEEEE —E A AEM. TR, B
Ji AT LY 2835219 7EAIK 71 & I (iK1 50 mg-kg?) i
BU I 98 3 1 T P A R S 0K B, T e R R
(100 mg-kg?) BT RE v A bl 3 G e S 4 B P K
. KWL 2577 % K 50 mg-kg IR BTk 3 #5 K UH A
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T 200 L S S 10 e 0 )RR TE L R R KT B
bt S M AR AT AT 3k A5 . LY 2835219 1) PK/
PD 4 S B 7 HF T 24 T CDKA/6 411 i) 7] i A 45 25 75
FWEEME, IR TR =KL ERLS S
Zi B AEAT N, FERRAE T onT T R A A 1) B N AR
LY 2835219 Ifl # K FE 1 2 o

1 % B 5 &7 Je & J8 BIMLE 1% B A 76 J7 PKIPD
AR B AR T RIS 45 2 (F R 45 T 2
BRI e B e R, BHEILA 4 R, IRIREEE) .2
E~&E8e ke T2ZERB K, BE THES
W R, RIXFEE) TR~k =MAEH TR
1 e A Kl 2k, 5 SR BH R B 45 24 07 R B A B
RGE, ZEE~RE RSB E~Z BTy
S0 IR F ) 2R AR AL, (A A [FIB 45 25 5 & . WA
G S R B LI WA TSR R TS A5 . 18
13— 4RI 2, 16 PK/PD A5 B 1 s A5 A5 4l SR K 25 245 )5
5 LR E M 2507 R MIA, RIZAL R R Th
ST P 25 247 S TN R A A 4R B AIE 1L
PRI SR K AMERE 7 SR P IREAR RIS A TR T
CSCHE A& 2, M THAF e B2RE L O
EE&TJe B JBTEAR RIS 2577 2T e 5 v L& EAT
AT IR 20 R B TR VE A
32 REBERAALRSMHEKANELSE

WI7 2555 43 7 018 25K B R Ak e A A T 1K
25 24 7 R 13143944 i i P AN AN [R] T 6 1) P [R) AR
B F RTINS ANRT RIS GHER 5,
AT JC ¥ B 4l iy DA b e iR A K il 28 1 77 20k 4 i by
[ RGeS, LI 24 PK/PD &3k 15 1 Rl HE %k
AT RS IE 45 24 770 5t 1) 22 S5 DT P £ e IR AR e Y
Chen ZEIIE 0 R 18 B Jé 5 £ 14 Ath 38 1K H 23F 47 PK/PD
TRASAIE 5T I IR [R5 &5 25 07 SR B A W RIME R, (RIBR 25
277 & (B 245 6 R, (AR 25 B 1] 6] % 6 h) ARG ] I 25
24575 RIF AR o R A RE, 1T (RN 45 24 5 R AE I PR 8L
M E A BFAR NS R AL, 23R~ ~iEE
RIFREH TR (MBS T2 VMhE B A%
TREE G, RRE ) BA iR E R Re, TR
Je~Z P FE 7 RINAEEREUEN . RE 2 7 ih3g ~
RHEE B B H S5 2 AR T IR B 45 24 5 8 17 7 Ji
JANGI R T WG 3, (5L R IG R B A E,
Z i3~ R E e 7 L A R REE & S 2
w=AOMMRH, G T RIKEESTTZ, BA0 R0
%,

EGFR #1417 )& i% # JE 5 VEGFR 1] 71 & JE %
JE BRI EEE L REHE BB B3Rk 2 IR PR s B e
S 25 . SR — UG PRIEE A FH 241056 20 4 3

A REHE AR /N2 s B ) e AR A R I L Al
HALTBIEE R 5B e A F 21 PK/PD 54,
AR R KBRS B R AN BA RIFH
M ER (9 = 4.4), T EF JE & J& 750t B A B 1) e i
IR R RE S T e AR, BRI B B e A = R R A Je
BRAEA T RS AR IT AR, D
PR, L& e 578 & Je A & b 104 B A B mp
A5 2 1 e 8 0 o) 280 RS T 3 SETTL I R K058 v —
B LG A 401, 3K AT RE S U I IR U 56 45 R A 31
M EREZ —.

e B RS e H R BN 2 R Ah B T 1 A
PRI VE A o Li SO0 ST T — AN 25 - FF R4 77U Bk
FH PK-PD-TD #:%Y (F€] 3D). 4574 DL g A Bk PD $
b, BLILSE 25 TR 6 S (ALT,) N #R3h 71% (TD) 44
br, PR AR B2 A T 0 e 3 22 5 A AR A
155 Y AR € 2 75 Ath 2 RE 02 3F I 40 Bl o ALT R T804 N I
T S R B T o X P R I BRI RE D, A A R
R, 2L R HERSEEPK S5 PD LIy TEHH H
PER, 3 H BB B AN 2 51 2 74 4t 38 1) R 4t % 5% 70
AR st . D ERLER Y, 8 KR
TR B IR R 4 2 IR I B T R R 2 TR A 3R
SHFFE A o 1ZAE B BT 05 TR S SRl R
A HIE 5 A 24 35505 B A0 2 18] 3 4R 77 ST 4 A, R DB
4 H %) PKIPD S B4R (L T — AN 00 SR B, RIANN K
W2 BRI RIE L, IR QTR 0S A2 A
P
3.3 FUNZME NERIBRTIE S MEHIE] PD 4F4E

I FH I PR A7 X 50 a2 A7 A A 5 A 4L 1Y) S s ] 34
SHRATE T X 25 Wl R A AR TS 0, 32 R R I PR T 3
Wi R 5 N EPE PK I PD 47 8 BRI LI 5 22 S5
A 4% R R AR B I R S Bk R IARA, 284N ]
B 23 AE N AR5 SRR /0 A X iR L A A AL T %
15 RE 7, Tk 380 e i S IR 75 LA () 1 A A B 2 2 kg
BB, LXK ASHE I G A NMEPK S5 LK
U B8 3 B (Fupopuman) T TN AR AT 28050 B, X D 7 72
ORI R T e & e 55 65 Je (gefitinib) (171
HTTINET ., A 4w i B, 7EECAS PO R 2, I PR A O
% R 7K TR I 3 AERE /) BRI R 0 22 (tumor growth
inhibition, TG1) 5 & b Ilfs PR i 5 2 A 2 35 AH OGPk, 45
I PR F T S A AL AE I R AR DGR 2 5 45 24 77 %8 N e
15 2] 60% [ TG, JUI 4% A 9 m] 7= AR i R e 82004, ) A
IR 5%, Yao ZFU0I3E T PANC-1 5 SW1990 41 Jitd & 5+
T /N 5 DA & iR s PDX (patient-derived xenografts,
BB OSRUE MR 2 A AR A /N RS T MR AA T
PK/PD AL . M FH b 28 K A2 B N A& PK Z 5 (LA, human
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HIE, o wouse £ 1E) &5 & HAE 5 A8 I8 /)N B Hh 1) PD 2 Ui
FLFHI HEAE A AR B 1K 5] 60% TG HIFI & . BRI
F 0, LLPDX /N R PD 2 40T U 1) Hb ZE K AR B A
S I N ARG 270 & 26 mg, H R AR H s 257 &
— B, LA AP B 2 IR A RS AN K, SRR IR PR
AL SR D B 2 IR I 45 2 75 SOR B AR b FE KA VR 9T I
e i AN LR

R Je 2 — AN b 1 PR FF & A 16 101 IR c-Met 3
B 1) 51), Gu 1R Fi i A A a6 £ e ST T IR
JE 1) PK/PD A5 28 3 it — 35 I FH 5 il i K S & 5 v 7
EETRI TIRAN R AE NAK I PK 2%, WF 78 3% ¥ Tl
FIRFE JE Nk PK 250 5 JLAE I PR AT A B o % c-Met
I PD S 5045 4, WD R T IRA S Je 7E A\ R 1 B
o M HL N o-Met (O FI ) i 2 . HE— D R R B,
R4 T NIRFE Jé 100 mg 7] ff 70% (1) c-Met 4 411
i, X N5 T T R R I R L4516
4 HES5RE

53 BT AR I R, PKIPD B 0k )32 1S
T PR B 5 HE R /S SRS B0 B IR R VRS 515 B2
I, FERIEIT T R R FE AR LB S RE . BB XS
L2 H A TR (4R R, 20T SN R IR
o HL A A B R S M B ) RE g, 10K KK
AT R 25 PK/PD #5Y [1)  FEE 3

M EE R AR R 3 1, PR 25 PK/PD AR 7Y £ A
IR PR A A — T IHL MR A A
5 P A7 5 ) A 2 L B S LA A B AR
Mo AR E 2B R SR R, T E T R
(R R ASE R DA% T 22 B Ak 1) P ) PD LI $5 A, X 45
AR 1 PK/PD AN Bk 512 56 1 1 R T 4

MFE RGP Fh 2, /1N 5) 7 PR 24 PK/PD
PR () 2 FE L B R A, T K 43 F PR 24 1) PK/PD
BT AR FR AR AR 2R A o0, iRy 18 A A AR 4793 T K
B R 251087 H K 4y T 251 (1) PKIPD A7 0 K Aifi i
BT R LA R S R M, B S W A AR
FHBE 7= A2 25 3 X 5 5 % 20 W I b L0925 15 0 i 45
& A AT E I e B MR VR T 8 RN B v B L B AN A T
BE L ) £ 2410087 (B ARAR BBE 25 4) 2507 sURFE 1R e,
A R T S B BN A 2 I S AR /S BT DA R
XK F259) PKIPD HIER N B AR A R SCHE R AR 3

NI PR T S A4S 7L (3 35, PDX /N BRUZE B8 A
BT b5 B R B T AR AU AR T
PEUOL A5 3 B AH A4S PDX /N BB TR R I PR 4 16
H5ER . BHET, 3T PDX /N BRI PK/PD Z 45 2451l 475
/U667 T M 2 451 8 2 3T T A V) B T IR, R
LT BE S PR 25 PK/PD AR R R SR K T TR 22—

Yao 511 F g i PDX /N BT 1 1 ZE KA (A A
ARG & Singh LT i PDX /MR SZ T GPC-3
PO AR BB 2 420 1) 2B K 43 B-PK/PD A5 24 LB B b F5 0
MNAEAT 247 & Luo S50 £ 1 POP Jlig ot 7R 4if 2 2 2
tt B 7E PDX /N B H 19 0% 1k 97 (chemophototherapy,
CPT) PK/PD HL7 , #7245 & Hh ) W e A0y 39 1
98 L 0F 22 5 Ll R )l i 1 DA K% 22 2% LE R TE iR 4
SURB L. 0 SCRR A 45 20 i 7 AR /) B 5 PDX /S
BN FH - PK/PD AR IR (14 22 S 1, {H M L #iE mT HE
I, 55 L SI2 P 8 R 15 1) AR ABA R A5 PDX /) B TR 3G & DA
7B PRI B R 3% 4k 2 B ) PK/PD 22 51667, X 51
S 9 S 5 A ) R B A G T SR A T T X R AROS T
TSI R I A R B ) B Ak kAT 2R T
B P R T i ) 1 SI2 56 B A I AR 547 A TR 2R v i
B 7%, PDX /N 32 B2 F Tt i 988 245 PK/PD & A543
AT e AT TR 18 K TN [A]

B0 R A
TR R WA TAE .

{EB Taak: WS N A ST — 1R, BT AR SCIE R L 3L
MRS R FEARRE, WA TTA LIRS  NEEXYS
B0 M E) AR SO B RAE#, 15T A SO R e S8 ¥ it
B3 B DL RN

FZE SR AR 75 B AR f R o

~ R PROX A R AT 2
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