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[Abstract] Molecular targeted therapy and immunotherapy have demonstrated their efficacy in various types of tumors, thus becoming
emerging fields and directions in cancer treatment. Preclinical models, including two-dimensional and three-dimensional cell culture

models, genetically engineered mouse models, organoid models, and patient-derived xenograft (PDX) models, have become effective tools

for studying tumor mechanisms, developing anti-tumor drugs, and predicting clinical drug efficacy. However, tumor heterogeneity and

the complexity of the microenvironment can affect the authenticity and accuracy of functional tests based on these preclinical models in

varying degrees. This review summarizes the development of preclinical models and the applicability and limitations of functional assays

in drug testing and combined clinical trials. To better apply them in clinical settings, we explored how to utilize functional testing through

translational medicine to develop towards in vitro diagnostics (IVD), and analyzed the challenges currently facing functional testing in its

move towards the field of IVD.
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Table 1 Characteristics of functional assays
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EI = W RPN R I 2R 7Ll DA N N CTE 2S5
RAEHTREER . SEEEZIETZ T (National
Cancer Institute, NCI ) I Hamon &7 Ife 258 iir
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xenograft, PDX ) #& A4 A1 A E iR 25 48 B (patient
derived organoid, PDO) #t 7 ", H 7E &0
200 FRUK A Il A, A AT R e A i S ok 1. CR
YA Ry — P A RS 2GR TR, 2T
YT R AEHEEE YT M, Mimoto %5 PO sy T
KA Z AR (HRY) MR KT
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ZARBITE (HER2) AZLARYE CR 4, Ao 1 b
i S BT AN 2 W U . CR 41 AY 2 AR RS AN
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Figure 1 Schematic of CR cells, organoids, MiniPDX and PDX
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SR, JCIRAR I MR S TR N 0 & 2R B B
T3 — A SRR /BN B R T R ST [R5 /N R
AU, BRI T I SR g hi H

1.2.2 AHAEIEVE SRR A AL Ffm] PR AR A B — 4,
20 it PR M S AP AL A (cell line-derived xenograft,
CDX ) Ao RSN A &R, BlS T 2]
INERAR SR TERL . 36T CDX AL S TALAR | dARJE
W Al R AL AR 2 HIRAE 0, CDX #Rk &
MTF 2598t & i 255, PK. PD 5% . Suzawa
A BRI T BTk e (—FhOR L ) EGFR/HER2
R ) AE JL AR NSCLC 41 il & (2 45 AS49.,
Calu-3, HCC827, NCI-H1299, NCI-H1781 .
NCI-H1975, NCIH1993 I NCI-H2170 ) H47e /e
TEPE, FRT 20 R st 12 2502 55 240 0T Bl i 2 Je U
FHOCHE; R HER2 8724 % (H2170, Calu-3
FIH1781) %Pk Je sk, ik HER2 5878 a3
BR324k (EGFR) 1) NSCLC 4 fifa 2 W% by
R e AN, SR, CDX At A 7E—Le g 251
B 1) IRIMERUS G A PR E nT Re s AE, B
AN TR S g0 2 T B A At RAE SR M . BRI 2 ANk
WAL FEVE T T AETE 22 55 2) SR A MIgEH L,
CDX 5 it 3%; 3) CDX 2 7E s sk fa /N i p
A7, PR T CDX FE R IR T M s I T 25 )
TR B,

123 SED AR B TR/ N ERAR AL ( gene-
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TR | 3 Aok 5 AT o e A A A 3 s P Ak m A g
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mouse prostate, TRAMP ) RJZ I3 K 817 (A AT F 1R
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AN, GEMM il FH T W98 S i 7 Rl A s A DG 24
Y. GEMM MR SRR A . A S8 s &
SRR EE A, SR, W ad s iR 3R sl L ST
{14 IR AR I AN R 58 AR AUL L S AR P 52 2= 1) e
S, J3Ab, 8 3 R R S S AR AR ST Y
FED TR /INRURR Y, AR 20 L 5 R A A= 2 5k
R, X LesZ ) n] BRI AEA ST BN,
THYAZH ST, GEMM IR i BA A E
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KA /N BRI R B A R ), k4, GEMM 1171
SUR BRSO FERI B 2 2 T
THIAEAE BRI BRAE BR A T i ARAE R RE R P 932
1.2.4 NI SRR AR PDX Slad B2 el
VLA T A 195 4G PR 4 2 B R A 3 G 3 BB /N B,
PR CULIEL 1C) W00 DA I A RAIE 2 o gs 4 A v
S 1 R AN AL T FH T PDX R ™. HAJR, PDX
BRI PRI A UR B LA A RS, X 5w,
B VR 2 I ed 1 A R iE A 06 ™, PDX 2214y
AR, PRI, AT T2t 1,
HAT, BRI AR R PDX AR, A 55 At 7|
FLARE B0 WA . S YL Bm BYL o
g B AN B Ao s R YL e e B
PAAr ZR O Sk SRS ARy BT AL R [R]E A
JEINFEA 10% ~100%, KIFHFFEUER], PDX ] D14k
R IR & I S DR . SRR AR A1 8124 gy
WL, DA S8 e e eg 14 43 —F R S e e B
UEAl, PDX A5 7 A, b 7 H I 5 7% 0 e N 24 4 I
R AT REME B YT, PDX ALz A S
CDX 5 HA A B S I R T AL, Tz AT
SEEREALH 5 AN e 259 1) R B . Gao %
HENT T 241 000 151 5 A7 22 9K 5l ik A 98 748 1Y) PDX 45
B, ST 6 AR 62 FORFRAYT RSN, e
T DR 55 2 Oy Tl A AR DG, A B 24 L
UL TAYT 7 5807 RIS T 28wtk g . 48 PDX
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PDX LG S Wb, iz #ig N UL
SYEUR, X EREICUGEEE S PDX ) FRUR, R
SRR B T o 200 B ) S b 2

BR T LR A PRI LSS, BEhfn . 2R i, i
SRR )Y TG A R 2 T A, e
YIRS SIS — BRI AR I3 . g
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PRSI Y S0 A5 R R A, ST R R
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CSRA) EHEAFFE TIL4F @, sk Stk T M
BEy7 ot AR R AR R B S ARAEAS , AR ISR AG |
SRR B R . BUR. MK A G R A
OB MR A5, TS BB R AT A, R IR
PR CR 415 7% . PDX A5 0Fl PDO 7, 3%
SRR SR 5 AEAN IR OB T RS st L i
SRR Mg S ok, FEARER T HARIGIT S, Al LA
AR HEH B2 AL IR 15 9T 245 10 ) BRI 245 1 20
RERFIE . DBEMEARS DUASTE T8/ E 950 3R A A AR U
MR TE T4 T A A 248 i 22 8] A AH B FH = A2
(X250 0 B 2 S - B RE PR A ) e 24 e B 5 3 i
IRICH R, i R ez MR T iR it =
25 O B R A7 SR 0 2 R AE 20 4 70
EMORITHRY, H 2T MR ek, 0
IRARISIAE R . AR, BEE ARG, T
25 Tl 24 SRS 45 Bk ) AT T SR 3 T R R R
Bt REBUEHUT, S LL) GBI & U A0 B
WR: 1) E AR AR A 2) ST
PSP AT IR ACH ML R 3 ) D e 240 RS g
FET-3; 4) SrHrEds LU A AT U RRIE

— i meta 3 BT 40 A T 1991—2019 45 (1) 42 Jii
5T, SCER BT Xz S Fh iy 25 st RS T DRtk
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R AE 22 A9 FP O MER I . SUSRPE RN S B
2 S IR I BT Al 88.2%, AR I REMEAS
T £ - 2 5480 AE 80% LA b, BH P T 0 AR 7 %
b 83%, BAPETIIMME P 7 £ 82.9%, HERGRE ]
R 77.8% . (D) REMEAG I A 1T Lk B3 Al ok
e RAR 2, (EAT e 30 ok o v 5 %) 0k B LA 9%
UESE 1550 T BE M AS I 7 ey D 400 1) S i £
B N e R 1 A A 5 A Ak TR SR A7 A Wl A 1 e i
25 li], 2015 4%, #FsE A B4R T “F —{R I getE
R B HEE, LT AR P (next-generation
sequencing, NGS) ', {4 2D B2y L |
PDX. PDO “FHAR, s SLTyREME AN 1y #% 0 H (12
Ff RS PR E X TR T A 1) SR B
2.2 AUFEThEEMANTES
221 HUEORIEZE ST 251K Kopper 25 1 32
Bl B LRI 414, 7 T 56 MRS E
B, A TENERA T A, IR
WS T 51 S A REAE AR S e, R R AR
PRI B TR S P, 24 000 2% A ) B9 5595 1
RIS AR 257 (W RV AR . 5 PDX AL,
RAE W SLI A A, AR, AT
WY, UL, HEA7 BRI I PO
23y, JEINBEVEREIN A )72 — . Pauli 45 Y M 769
18] 58 5 g ST T 56 Tl R ke R Y S 8% R 19 F
PDX A, JREVEH T Rpl 25 iiit, PDX AR
T RIEZYY 7 55 o0k 5L R 4L 50 5t
TRGMRVA P IR B AL (Y 25 ) T BE A 45 6, 38 T AE
REHEA BRI S E— 2B 98 . Yao %5 1 BIF9E & B,
BE YT NS BEEZEAE (RCO) VL
JEUCHD, MR R N 84.43%, HURE N 78.01%, HF
SR 91.97%. Tiriac 45 7 A 4158 4l Bh AL 97
(NACR) MG AR50 19 B e T 112 )R
Wt E A (LARC) RYIEKHZL, IR T
96 1] PDOs; PDOs M AbT R i 5 f 3 B IR S5 g
— 2, WERTE N 84.43%, RN 78.01%, FFH
PE$ 91.97%, #&7%, PDO A] LAFilill LARC 3% 7F
G R RO, I 0T B A B TR YT B FEBE IS W
( companion diagnostics, CDx ) T H., {HfHEEAZE,
AT WO AR, ST N @R 25 0ot 7
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S AR R H 2 IS, (R e
ST T A A AR SR BR P . 248 B A 4 L 7 15 57
RSB, SR PDX IR, BEAh, 28R
B HRETEIRSINA 2, IARE A PP 75 B T A
JEA RERAFAE 2
222 MiniPDX I MiniPDX J&—FAR PN 28 B+
A, BERMEE, ERERGZEOK, 1S4
PALsEAEIATT U MR B LARBUH e R AR
FLAGEFARFEA | IGKAEAS | SRR AR LS o Ji KA
A, TH A B B W, Bl S T A MiniPDX i 5%
b, ARG/ T, ESS T KA,
W e 48, FHARXT G (relative light unit,
RLU ) {07 i yeg 240 B3 4% LA 1 3% ( tumor cellular
growth inhibitor, TCGI) , 7] b /RiZAA XS 45 41 iR
JPT SRR N (WE 1D) .

MiniPDX 24850 I (14 Ot 5 ok JR . AR 248
R 45 5 5 1 RIGTT HA 5 BE— 2k . MiniPDX 2}
BRI 10 KAl A5, AMUA] I THi iR 25 i IR
RST8] Ayl DR R0 3 4 AR PR S e 7 245 ez i
SR — iR P BT R R R R AT 2 AT
FEIG AR, WU R ke T MiniPDX 245 Bk
MZER IR, ZBEXTBTIE e . BTaE e + B
MAJE 2 AZ5EUR, &t 4 D HBRIHET R, %8
Bz R TN — T o BH R A IS
MiniPDX Kl 7 A5 PEfhiE . BybFIE . 5-FU. 44
KR F145S 8 (NAB) EAZEFI B S
45 s AT 29 USRI . MiniPDX 2580k
e SRS RIS T 2 K T A, H
s S E AN 13.9 A4S H 2K 2] 18.6 S, $ik
TR 12 A H e 3 17.6 A~ H 7L 55—
R ME T 48 W B9 1 WF 5K MiniPDX 5 NGS 4
iy, FEAR R OCHEEL R 22 AR i [l #E4 T MiniPDX TR
HGRCRIN, NGS I 7 45 3 X MiniPDX A9 24 f5 il
KGRI 73— 3Ry, BE TR IIAE 34
AH T —THF5E R MiniPDX 25 S0k I 25 5 45
SEHN 25 90 S0 R ERYT, HImIKIRIT 3k 4 R ik
75%7Y, Wang 25 " % NSCLC 16J7 #H TS s
MniPDX 452541 B B AAE (0S) Mot A A7
W (PFS) i FH M4 2541, Li % " 7€ MiniPDX
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R R oaT| A ¥ e N e S i s e o S L [ f A A R
AT A 25 N, HEST T IR B 2 iR A A
W25 e R 25 R B R A R A TAR R
Yang 45 7 S I 42 {51 JHF-9i 8 35 £ ] MiniPDX i
S BB BT IR 259 5 SRR AT IR A DD R AR J5 7 ot
Bitkia sy, HS5XT (RAAER ) A, W
FER TR R E A AR R OR TR
MiniPDX | 1E W] 5 408 i o 2 Pk i 4% 1) o ) 4 1-f
1% 5 94 1% ( sphingosine-1-phosphate, S1P) J&iRJT
SR R 2R (LAR ) B B —FhAA BT 5209 7
B, HEEREBERFERNIESE 8, R
O T, MiniPDX REBSAE R SLRIBIFSE Y 50 0E T 5 7,
T MiniPDX 2580045 1 5 4 2 Mg - 35 1 IR
SV FEAR—F, MiniPDX FALEFE S8 AE MARILIG
I RTINS WA B 24 é = Al Py SN ERINEEN
ST T H, T TS B, HAMUA
AR RER, 4G4 Fi2WE b
E— L SR HE BT B R .

AR MiniPDX 24 80K AR AL 7 Ik R 52 e 4 g
FHEUAS THROREEE, (AT MiniPDX IR ] Gy
S /INER, LT FH T ARSI R S e i T 2
H A& X F 5 2236 ¥7 19 MiniPDX 9] 25 0F & i1,
AR 2R R b e e D AR 9 7 24008 (immuno-
oncology fast in vivo efficacy test, I0-FIVE) , TEH
F MiniPDX B B A H O B8 T N R S e i,
FFAIFE 10 RAASERINL . HATE 56 st 100 4]
I RAEAS (4 TO-FIVE IR, W] Ael-#h X 73 S 352 254
K ATEIRTT T S WU RN 251

HHT, DhREERCINATIN AL =22 i g 5t
IVD H AR BRI U T2 Wr . WS, 95057 95 1)
WETH . SR, % T ORevER I RRaR M LA & H
EHECR S, DIREMERNAZE VD A5 5R
It % 18 2Pk K

3 DhaetEim ey IVD Z B lim B Bk ik

IVD HZE R BRI At 56 [ ah A2l o W A
R (FDA) #E— 52 L IVD 15 R B 57 #% Bl )+
&, 15 “BTEMH TR EHAIR A2 W]
ARG, BfsEHR e, BN TR
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WLOEfR. AbPE. BB B BET o BEE
IVD HAR A A J , A6 2 1o DAKE PRI 7K - 18 2 A
WP, SRAFEH W, PR Z AN (single
nucleotide polymorphisms, SNP) Kl %|#H /K-
(25 Tl AR W pm AR A I, 38 4 ALK T 0 B e 4
Jitd (circulating tumor cell, CTC ) . 7 ¥ i J5g
DNA ( circulating tumor DNA, ctDNA ) i, )2
LA 2AK (thinprep cytologic test, TCT ) 4§,
FNHLUKF- F IR T AW E AR (PET) /35
MUBTZ 44 (CT) 45, P30 258502 A D e kAl
HoR, Bz, IVDIETEmE B, T, G5z
APE 205 AL 7 I AR

Uraetkiz b (AR REVER DN ) Ho R 32 2 JE
TR A I R SIUREAS, AT IRAIR 4 i &R
( patient-derived cell, PDC ) . PDO £l PDX [1J#4 £,
TR FEAL A AR 1A T s 245 0 ) S e i
ke R RS HEIZ TR T SR I SR L B R R R
ARG . MRS, DIRetERIN 58 2454 VD 1
P R T2 = o NI N a1 o TR (= 1 107 N N 43
DN, SE—ME e IVD BAREG&. ixXeeThfg
R Ay ph Sy R AR R, WAl 502l (4
NGS) i UM Ime 5 mE LS. BEr, ke
PERIAE R AL S5y Iy e — 20583, LIRS T
IVD, M HGHE A R R4
3.1 DheEtEHUEAERISE I IS BT R IR1ER

FIFr, K> CDx J& T IVD i, CDx At
F12Wr ( complementary diagnostics, CoDx ) & X
WHZ, WiE R R RN e i & (T8
Wi AR, WREAY ) ShE
YIAHOCHK, 5 & BRI TA CDx i AR 7
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