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Application of biomarkers in clinical trials

Yanni Wang, Dawei Chen, Pengyan Li, Rongrong Liu, Fangiang Meng’
H&J CRO International, Inc, Shanghai

[ Abstract] Biomarkers are indicators that can be objectively measured and evaluated, reflect physiological or
pathological processes, and have biological effects on exposure or treatment interventions. Biomarkers have become an
important tool for new drug research and development, and are important considerations for the selection of alternative
endpoints, dose-exposure-effect analysis, enrichment design, stratification factors, and adverse reaction monitoring in
clinical trials. Since 2004, the role of biomarkers in drug research and development has been increasingly valued. FDA,
EMA, ICH and NMPA have successively issued the qualification procedures and guidelines for the use of biomarkers in
drug research and development to standardize and encourage the development of new and biomarkers. There are many
examples of biomarkers helping new drugs to market. This article reviews the definition, classification, qualification
criteria of biomarkers and the classic examples of the application of different kinds of biomarkers in clinical trials of new
drugs, so as to provide reference for innovative drug research and development enterprises in China.
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LR EELESREWIT . WKES BOEE e 7 2 BR B0 iR 7 R AR T %2 k-2
PRSI N . BEE A AL B (HER-2) W FRILMFIME BE . 25, BTGRat,
AR, BORBR AR bR SR BBy, HAEBRE. IERRYL. RidEeE2
B, B IZH RO 20 A AN AT BRI TR AL 2GS . iR @R, AR

AR SR T RO FUR SR U0 WIS B AN R, R AR I R
AWM R, R R MRR . 1997 48, A PREEET AR, OB AEYIAR SRR AR IS A Wi
ZERGUERE LT, HTRST CD20 BERARER &, fln. RIS iz A E R S
ST, BT A TEERRIT TR 1998 4F, FDA  WERIREER M. AR AR SV A E R T

BRI f LR
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% R RS2 A (NTRK) « i DR AE s /AL s
B ARG (MSI-H/DMMR) . & R 98 A8 47 1
(TMB-H) \3k453k15 FDA fltifi.

AR SV R E & E15 2072 AL, FDA.
EMA. ICH %% th & AHCH A Db S A A e 72
7 ARG AL P0bs S TE R 25t R R i . BRE 2
WA R G T — RIBREN, 5 EMRED
RIS PR e . EXRG M BEHER T
2019 441 ICH E15 A1 ICH El6 &M T8, EIFK R
5, T 2021 SFMAG VbR ETETUIR 25916 IR
TR HR SR (R B AR F 3 B 0 ) P gk — 25 B 1 AR b
VI X oy R RAEGUMIRE 25 R R

KSLLER T IR EN R E L3, Ehn &
YR T8 5 A B BEAS N B FR P A AN R AR AR )
b WAL B 2 PR 1) S S, D3R G5 245 7
KA RS E

1 EYREMNENX .. FERERINERNEE
INERERF

1.1 AdirEse . a4

LR EMAEER RGN IR POk
LA T 2 IR o TEARFRISERAE, TR
BV E SCH AR . AEAR B R T3 25 4

B, BEE SON: FRBEBCE LI R AN TR, S AR B B
TR RE, DL 2 B BRI WU I AR AR R
R FRbR. DA SR YRR . P

VIR EEA F U ) R EH AN . A
AT, WK AEYIAR SR O RESE . TR,
AREMA . GEMRAE IS, FEPbEYh, %
F EZ R (NAS) B ED s N=2: b
PREW AR SR G B RR ) ZE I KR 2
A CEREMIREY 7 NP RIS R VN h5
W, SRR TIRED D IIRE. EEIE. B
H BERAEYR RS ©

2016 4 1 H, FDA 53 [ [ 32 A 7Tk (NIHD
K& BOL I AE bR B TAE N AR AT (EbR &
Y. B AR & SR JL Al B R 25 ) R R UE A R
( biomarkers, endpoints, and other tools resource
glossary) ) , ARAEAMIbR EYILE L0 5T KA RIAE
IR W23 T 5 i N 3 T O U N =
TYE . 280 B 22 A B AR AT,

R4 i ] [ 5 24 it A ) 2021 AR AT 1) (4E
Vs EYALE TR 250 R BT A o L R g 5
WYy VRS EY AN HoE L AR Im IR
e N S IR 1.

=1 EMREMRS . EXFRAY

IEs X N
T RS DTS, S
UL ADIREY | SRR SRS 7 A b M PRI 2 W A
w1
| RO BURRAE . oA RS
R LA PR AR 0 B T S R IR
USRS | o b SR AL b . WS R Os A
T T AT SRR T B GIT
} i AT PR B TS EB T ] TR R
T A= hs & RN B L ) A b S R T A
BN b | RS ﬁE%%ﬁﬁmr % A e .
B TG BL, ZiRCE &0 T (A AR
WA T R P . \
LR R &iijﬁfggg;Ziwﬁj; SeHbR, BT TR BRI RSO, A T AL T
. YR S B E RO HR S
L 25 R I T2 L A
SATEEMIRRE Y | e SR R AP T3 A B TR R AR P LS B 4056 A
RN A R .
T U R A (AR
WP b W AR A
WIS | i oma it A ok WPk

1.2 A MiFEME W E e AN
2004 73 [E £ 24 b B 5 2 R ( Food and Drug
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Administration, FDA) KA CGIH/AFH: HEIT ™= 5
oSSR AT BBk SALEY F B PR A bR S
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SEARTHB 0T ST R Be 1 SR I R, JRH R SR AEW)
FrEW A A5 ) %% ( Biomarker and bioinformatics
development) {E 76 /NW] it 254 K Fies 41k (1) o
FeI7 A2 PV 5, A AR D LE B 2GR R A (S P
k) iz . M3EE FDA. KB EMA. ICH 5 HHE T
— RINERARATE NS5 A5 ST K

FDA H 2005 fEZ 2016 fEMURFEIN: (259
FERH 2525 fs F 5 ) - ( Pharmacogenomic data
submissions). IfRZYI R 457 LI R A 72 1
b T AT P Al A FR 2 1) ) ( Clinical pharmaco-
genomics: premarket evaluation in early-phase clinical
studies and recommendations for labeling)  (Z5¥F K&
THRMEETERESEND  ( Qualification process for
drug development tools). {158 2 24 3 5 e HAH IS T7
SRR AEIbR B %58 B TR ) 18] ) (Considerations
for use of histopathology and its associated metho-
dologies to support biomarker qualification).

2012 236 [ @NLAEYIbR S5 ETHR LSRR 2
PF 4 FN A 5T F o0 ( Center for Drug Evaluation and
Research, CDER) X AYbr EXEHRE 515 B35 E 1
5. £32E CDER, AEWbrEY)rri@d i
T NBEG R AT Kb, — MR e E 25T R I
H A — & Yo [ 8 B AP bs SR B 25T K
VERM 25 g d L — 48, 59— Pl it AR ds &
W) 95 k% %5 5E 72 7 ( Biomarker Qualification Program,
BQP) . Hrf#E o L.

2014-2016 4, EMA #iifii 1 (W5 R 41407 it
ZIYE RN B R R TR )

key aspects for the use of pharmacogenomic meth-

( Guideline on

in the pharmacovigilance evaluation of
medicinal products) {245 K 2H 22 AH G I A= s &
P B R R0 S8 PR 3 77 5

on methodological issues associated with pharmaco-

odologies
( Reflection paper

genomic biomarkers in relation to clinical development
and patient selection). {258 & [FI Tf  A=W ks &4
SR A I 7 VE 4R R D)
co-development of pharmaco- genomic biomarkers and
assays in the context of drug development) DL & (2543
4 2= 7 o A RN 4R 5 5 U ) (Guideline on good
pharmacogenomic practice).

2007-2015 4 ICH ffill5€ 1145 3 R N4 : (E15: 2
IR S 2GR A . BB 2B Fe P
S DL FEAR G i 3251 2 ) ( E15: Definitions for

(Reflection paper on
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genomic biomarkers, pharmacogenomics, pharmaco-

genetics, genomic data and sample coding categories).
(E16: 525Wyal AL i R ARG R AEbR ). 5%
JRAEE MBI 5oy R LAY (E 16: Biomarkers

related to drug or biotechnology product development:

context , structure and format of qualification sub-

(E18: ik [5] ZH RA A0 ke ] 2 5t 5 B AR

(E18: Genomic sampling and management of

missions)
SR
genomic data)

ERE, 2019 FEFHME MR KA (E15: %
RIHAYIbR B iR % B35 A
HEHE DL AEAR GBS 732K e )« (EBl6: 5249k
AT R ARG AR A BRSSP R
s UL RS S0 & A TR E GRS . E16 8 H:
“CTELIIN LA IB AR P R I FR P AT AR B 35 AT
BEAT VAR E TGN, EFE DR BB f5 T B
HEFF (R AE AR B BEREANE FIE 5 CTD A% R KF—
#, DMESRRASFIH VF. R — N EY O — A
WA VAT, HATEIESE NDA/BLA/MAA B, i
FEAUETE BBl N A 5 PR A= b 7 0 B0 T R B A8 4 M
WUAEATE T 8 PP H F5ZE7E NDA/BLA/MAA 5 Ath
ORI E AR, NI E VISR HE— 0 B 77 VPR
RIABLA, B

[ K 25 i B BRI WA T — R AYIE RS TE 5
JE, BARNEW B EAR SR . RiE—
PR E PR 2R KT, T 2021 SEE KA E
RS MAT I CEED AR EADTE DU Z3P0IE PRI A A L
FAMIHE AR S D) H R Gehas A bR E 1 & X
53 2K RAETU R 25 PG PRI 7T SR I B AR R =, OF
R Bl G AR IR RIS B B R A4
PR EVMER R MR L, AWTIAE N, B0
RV EVESR SR EIE R RS NI HE.
PR p5 B R A e R Pl S i e . 7 P

2 FEFEBE PR EE IR AR 58 H A B A SC )

2.1 LA MATES

WA YRR EWT 2 S T IR 2 e A )
1BIT . Hoh, AR KT 3244-2 (human epidermal
growth factor receptor-2, HER-2) fEFL . B, dF
/I e it 5 22 b g b R, i SRR A, TT
DAjfiE i HER-2 PHYEM S S . HET, OF ZMEXT
HER-2 BHPEHE R 254 b1, DL HER-2 6, UiEHiZ
Wi A Wb ETE 29t R A E

FEFLIREATUER, HER-2 JE K1 2 s mi gL iR A



TR, BN, RN, XIRHE, d L AR EALE I PR 6 (R 82

KEEBRBEENEREL —. XKL 30%MAMES G MZIRAP, GRS — P e B3 17 8. WL
A EL HER-2 ZER I 2 3R0E, pifiit i, Mov—  BRayT, FIAEASES HER-2 FHAE I 9] 7L
AR RRAL . REFUE 29T TR FG N, YR HER-2 AEAEIIZEK 15.7 AN AN, BT CLEOPATRA %45
R B AETHIAE A HER-2 #LA) YR 1 S B AR A2 R B BTt 4 HERE S A HER-2 PR R 409 7L e
PLECTRTI S . HER-2 BHIEE . @RZH iU —4697,

Iy, R 10% F4H i B30 e BB s 5 (3+) AI/ER LA HER-2 4L S ) Z AR R 254 L7, b s
JR AL 28 2SRl 2 HER-2 FER 918 (4% D1 HER-2 J& 53 1 B8 [A) 24 W) I 2 TR U 470 A1) 7f (tyrosine kinase
[K>6 =k HER-2/CEP17 [L{E>2.00 . X} Fi2Wr HER-2  inhibitors, TKIs) 2§, Wil ek, LLEHUIK-Z4)
FHAEFLI i, ML il 2 Bk B b (0 4 B OB 4 1B B4 Cantibody-drugconjugate, ADCs )2, trastuzumab-

Bty deruxtecan (DS-8201) %%, fE41%F HER-2 BH: il & (1)
M ZERHEHT (Herceptin, #FFEVT) F 1998 £ 9 A Y7 L, BoR 1 RAFAIIE RN AT 5 -
25 HEEEEALME Eii. JRWF25 2 M Roche Pharma ADCs 72 H 81 1E FH P o BE AR R B 4 i =

(Schweiz) Ltd W & [ —Fh B 2 DNA NJEAL el e PEVE R 4k 22 250 A8 BT % B 038 L e e R B 1 25420
A, 18I PR B T AR SR B 4B KR 7 5 HER-2 145 DS-8201 & M FT# ) B (AstraZeneca) Flzf— =3%
EANHE MR AR A K. HOERERRE: HER-2 FHE (DaiichiSankyo) BX& /&1 ADC 254, il 22k
MRS MR . HER-2 PHVER) FIIFLIE . R tE PO T B9 135 M Tl 000 ot 1) 30 3k v T A ) O 2 Sk i %

B . A, DS-8201 AEHE 75 Gy 28 ik 4H MR sE, ok R 40 i
2021 4F Lancet K3 T 7L RS RIS P EA B s R .
(EBCTCG) W7t er, XJ 7 WiFENLYS BRI . 13864 HER-2 2 HEI AL B EENE LS, RE

B AL Lo KR AR X AT T 252500, 12-16% 11 15 98 S 3% /& HER-2 FHPESR AR, 415 HER-2
W FNH AL HER-2 FHPE RS, IR AR5 7 ih FHPE R 3 5 8 5 %, DESTINY-Gastric01 X5 A T
ZEREAPURBNGTT . P RTRE 144 ANH, PAIBE DS-8201 MR FTEE R iZSLIG NAL T SeRT i £ 2
P 10.7 o ZMPTTAERRY, MR HER-2 BHIEFL MOy R (RIS ZERBSURLIT) 5 tE i 2 ¥ HER-2
Mg, MZEREBTHT S RRHAT AL, TWEE PR AT UIRRMEEE R B EUE AR A
FEOEFI R AR QN ], FUIE S R FE MmN T % R ER: ST, DS-8201 4R ST KB
B =52 —. U, filk'T 41% 7£ ORR Al OS Jyifi¥ ok git L%
A, B E SO e 22 B it Fea s, X600 Rl R B A & R EE! . JE T DESTINY-GastricOl
il HER-2 PR FHAFL I R BOE BT £ ih ek 58 n9%dE, 32E FDA 7 1 Enhertu (DS-8201) ¥
PrEF AT AT, ERER, REEFH RS J7 HER-2 I B RM A4 %R (BTD)
BEMERN 39.8%. L TEALRMRS AR B 5E A % 22 FE A MirEY
R B EALL, TRAEARMA AR SR 7 T A b 35 A T 5 A R P AR XU
TR DGR 26, MEV 38 32 4k (9T PE R0 2 i 36 32 A4 T 4k BRI AR 1 R g Cln i SR B D it
HER-2 B AV Ki-67 BBATREO a0 ATIE3E, B i B H Ik 865 £, SRR i
s MAHM RS, XIUNMHEER, 5 “ORETEAe% EHIEEEH (alpha-fetoprotein, AFP) .

fsetsm” WA D T Z Bk S HTE AFP &R ZINBERIRESR 1, HbIfERR LY
HER-2 FHEFLARE S8 V67 1R FRE AR SRS e b 5 A, Bl G 70 i SR LI,

IHZ Bk BAPT (Pertuzumab) H/Z2H Roche Pharma A JE VR R R O NI AR E 1, HOKE R
(Schweiz) Ltd.2A & JFHFH)—FE A NFACRTTRESUA.  BHS W FEEMEFME (HCO) Pl #F HCC B
A 22 BRELHTAEAE AL -5 i Z 2R BB B AN, PR H, AFP H T MR R TG AW . 2996 50% (11 HCC
HECA N5 HER-2 5 5% W EH . R AFP 5 (=400ng/mL) , X FH AN T— MK
CLEOPATRA T AAG T HEVT 8 FFHIBFALE R, A4 HCC BHWEHZ.

HER-2 PHYEMG LI B3, 25 F0EsE, £ iufhIent TP BT (ramucirumab) & Lilly 2 &) HF K 1371
A M Z BRI Z BRI VR T B 2 VARSI A R, AR — A N 1gGL B e kE b
-50 -
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i, ATLIBE[E 45 AT VEGE 24K 2 (s, Jmid s
A I AN A KRR (VEGF-A, -C, -D) , k%
R - PERH W VEGFR2 KT i 1L A2 RO SGd 6 1) H
7t REACH #f7iH, 75355 Bl — 4R 7 e HCC &
HHIFAL OS N 92 AN H, T=EHHN 7.6 MH, W
Wz WA IEBN G2 5 . B WA MR,
Bt HE2E AFP>400ng/mL E#, 555 g ir
OS N 7.8 NH, A4 N 4.2 ANH, BRGIT%E
WS, KIL AFP & AT DA S5 B3R
I}EE[IG]O

BRI, FFE T REACH-2 if7t, ik 78
LR U 2 B FIAE X R P AR 2 (sorafenib) AN 528X,
14 e 5 i g . H AFP &7K°F (=400ng/mL)
JF g S R T AL, SRR OR, B ST BT TR AL
0S N 13.7MH, ZEFIH 8.2 ™~ H (HR 0.43, 95% CI
0.23-0.83), Hhz  PFS 7351l 4.2 F12.8 4~ F(HR 0.33,
95% CI 0.17-0.64), WFFEHUA | F B4 SRR B4 1.
TSI T e A VR DLRT R 2 I B AR L,
I RIS A I RE 2 B 5L B LI A RO .
REACH-2 W7t &AM br Sk R i 58 — AN
PE I WIAT 4R (HCC) k36, Bl HCC B Af
mHIREA, XETUGARKREN.

AFP BB T PR AE Mbr St 2 S Witk AR M br &
Y. AFP ATRERIE HCC 48 /s iy i A KR 7
(VEGF) , VEGF A LA ks I A i, E0E &
VEGF HIRIHAsE, AT HCC KRR,
X —HFal, Wl DU TR 2 i85 1o 2 A s S R
EPNiEN

HEERRRE (BHAM A g, Icaritn)
e M Z5M R SRR IR I A AR SRR I & AR 98.0%
~102.0% K AR A D). EEVER TR MoASE, T
A RIEGRIZA R IE TEEE, WMok T 4iEThAE
I B Sz ph], 42l R g i AR K

ZZTESE D)@ CSCO 24k 7 HCC I 5%,
KHMREGEMbRE OGN EE R RN
280 Bl AL —EL RGBT HCC B, FENLY
B 2B i)y e VAT B ARG O IR A . E AR NHE,
90% LA I HBV AH O B3, 1T 90% N =i 3k H
62 1 (AFP>400 ng/mL) . 45 iR, £ &4 N#EH,
FIRrhr gl Ar OS R TXiEdE: 13.54 N H vs.
6.87 I~ (HR=0.43, p=0.0092) . {EZHHEE (PD)
J 4k S 25 B U R 352 HCC Wit RGBT IS
ENBER, BT AT RLE A A OS X bt B R FE R A
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WEELK: 1897 NH vs. 11.43 A~ H (HR=0.14,
p=0.0094) . “ZZAETTIH, R A]RE AL TR A
{EAZAF SR AFTESE 1], (R A6 R A s 2l e 1)
—ERIRIT . 2022 A 1 1E 2 i B A LR B AR R
HEELE R LY. ZAHTAESEEEIESL
2 hREIR T, HRR R 20t 4 & R G EIRIT I
ANET IR AT 40 Mg, SR AN IR A A B0 2 DA
RIS AR /DRI AFP>400ng/mL; TNF-0<2.5
pg/mL; IFN-y>7.0pg/mL"™ . JE8ebf 7oA/ gk 4k

2.3 FnlHA AT ES

TR AR A b 2542 2 FH S 142 1 00 6 5 A T T R R
TR BRT P B B A A A SRS A T8
Tk SR FH TR 2R AR E ) E S AR, AR VR O
16 I AE SR i R AT R I R

FLIRIE 55 IR (breast cancer gene 1, BRCAL)
FIFL g 2 B FE K] 2 (breast cancer gene 2, BRCA2)
B )@ T P S A, #5H BRCA1/2 3R RAF K Lok
AN L s AR K4, LAt B SR A O A
JER IR « B e B B 208 A R AR 3 . BRCAL/2
RAFG IR« R S0 52 DL e o 7 4 B R 3%
FZE. W E AR B7R, BRCAL JER RATHE R #7
Jide R A RS AE 79 % 1IN 37.9%, BRCA2 J [R 5845 45
i A 36.5% 18 fir A LIRS B T, IE R BRCA1/2
RABZN 53%; MAEBKME=MEARES, KR
BRCA1/2 FRAZHN 15%-20%, HEHAR R 7L & -
o, IE & BRCA1 2845 [d] = B M FLIRE S R E N5 V),
60%-80%M1: 5 BRCA1 AL 7y =B LR, B
RIRFERE R, BA RS 6 R, 545 BRCAL
T R G AL e 5B o =P

BRCA1/2 FE[F7E DNA XUEEBI 1 [FIJR BB R
ORI E AR, HI2R25Y) 2 DNA 545 25—
Flt, AI5[C DNA ZZHK, ‘530 DNA SUEEWTZYE, 2k 5
R YIMAET . BRCA1/2 FE R RAF e B kT
)5 A8 R ThREER G, AR 253 DNA XUEE 45
PMTEAEE , AR Z 5 (ADP-H) & B [ poly
(ADP-ribose) polymerase, PARP] #Ifl7%: %L DNA
0 250 IR SV

FH RT3 R RERIE A2 1) PARP #4117 SRz 1B, R
BH 12 % ADP #0552 1) DNA &84, BHBnZE
X245 DNA (MBS, X T BRCA 48 R4 o it
DNA T2 5 2B H B T 2 % ADP # R M %
DNA #HATEE, Kt ERi e ge % 5 2 145 T
BRCA RARVmAM, ME/DIEHTIEENARE. B
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B © 2 R R WG PRF 700 S SR e Je 78 LI VR T 7
IR . — T SR i JE T I AR, 99N B
TR RN ZR BRCA KA NK AR 52442
(HER2) BAMEMHERVEFL IR B, BHFIEE 21 M
EEI a7 B, $52 BURL A JE BidndE B 25 0yT (R
Fiftse . SE AR B R o 45 RAR I BRI 8
A A T e AR A IR K T AR HER T 4. (7.0 N H
vs 42 MDD, BB HS RN 59.9%,
AR HETRIT AU 28.8%
A O 2 W74 SRR, #57 BRCA1/2 5[
ZRAG AU B FR B TE B2 PARP 1 77 L s i JE A5 5
DNA #5258 k. —TEEHL. WE . 22 R5xt
HRI 2 S T, 265 44 B E B2 BENL 4, 136 449
SYBCE BRI B, 129 A Bsh e ERI2H . B
FILH ot R A A7 I K T2 A (PR 8.4
AMNH vs. 48 1NH; P<0.001) , TCHEEAAFRILLS>
&, JCIRPZH e,  BLRL AR 2H 2 1 o e XU
BAK. BRI JEE NYERRA YT B3 00 T HEUR. B
Ron OB OR S S T R A A
2.4 HRFAEMATEYS
PR A INR SRR TT G A R R I,
W 5E A 2 A2 RCE A A B DA 2K B 0 A
TEAHES &, AR R B YE, Hh tBeA AR
FAE AT BRI (BTK)
BTK #1141 71 /& 24 5l v 97 18 1t bk 2 40 i 9 afi
(CLL) %5 B ZMfaMs i EZ )7y, R EAERMLG]Z
5 BTK #E i 4h4, il B 40tk s R A B
HEIZEHT B A2 4E T8, Nk 2iasT H
(o BB A 2 I B4 7] 5 BTK g & 1) —
771, BTK 5 Z AR H ELISA 2% AN 4hAE il
A4 (PMBC) ) BTK #EAT A & R E ,
BTK (5 A LU BN 25 M RIS, S0 ik
#.
B[R % JE & AR EE AN BT BTK #dil7), — 2
2 W1, BENLIGRITFCAIN 48 155 % /34 16 BY s fE W0VA 1)
CLL #3, i T ik BTR ##5FK 2 JE 100 mg
R 2 kEE 200 mg BER 1 RG24 11 2 4k A 80 K
BN 1. RN, HERRBESAIE 1 AN
Fo 1 JARAS 6 B 12 M2 ek BTK 5 A%, 1
fERE I A A, BID 41 BTK S HEZREEE ST QD
H, BID 44 A S s ZU b Al £ 515 5, BID 4111 ORR
1% 95.8%(95% CI 78.9%-99.9%),24 /> H PFS N 91.5%
(95% CI70.0%-97.8%); QD 41/ ORR N 79.2%(95%
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CI 57.9%-92.9%) , 24 I PFS 4 87.2% (95% CI
57.2%-96.7%) . ] WL BTK #& £ 54 %5, ORR #
'%?[24]0

UbAh, AEFATE JEIRIT B 40k iR 1
FoHp, X 30 152 /M A PRI EL R B R L A VR A A
A, KA % JE 160mg BID A1 320mg QD P ffiZs 24
J7 A BTK ¥ & 4, 2550 BoRr=4: 584 BTK #
RANE] (>95%) M EE LB TA 89% vs 50%,
P=0.0342, PrLAEANE JeHifFEH 160mg BID 452577
iﬁ[ZS]O

£ BTK #7) CC-292 KGRI 7L, JEF 113
Y EEAE 28 RAMINEER T CC-292 (%L, 7
EYLHEAN 125 mg £ 1000 mg, & H—WK, LK 375 mg
1500 mg, BEHMK. 7R3 1 FIHH, SHBEZHRIK
CC-292 W B#H RZ AL 2/ 4 /U S 2T 90%
IR, (HE BTK 320K 5 HZRAE 24 /NI [R) 25 F%
%: B HREZ PR CC-292 75 4 /NI AN 24 /NI RAN B
6] 5 34 BRI 90% ) BTK 24k A %, 4R,
CC-292 MIZIE RIS TE A, 7T Al R 2 BB H
R CC-292 Ak G 28w, (A A5 & H BTK
A ARG, AMEREZE SRR, IR T CC-292 fE/AN
FEEL AT ERR I R A1

2.5 A AMIFEY

A A bR S A 24wk I Bl R 250 R
H U DAL T i S BRI A R A T B 2 A AR ) A
YikrES), TE BRI AT B R AR T B AN R LI A
NBE. 2 RS EEAR GRS, fEfihs
VIFFB] R AE IR B ) F B R R 2 — . 2 A e bs
BT ASCE YT RO AR, DA 58 A b 38 i B P AL
LRI 5 HA R AT B o 22 A PR AR b B A S RAR
FAG P ST R S R IR R 4 I IR e B I
(UGTIA1) FEPI R0,

PSLE R (CTP-11) A EHTHA, T 1998 4
AFEE FDA #E4E, H THREST 7 R RS 1
PR H e —2i6y7, BRTE Z N T B, R
Bdes s Ml BRI SERVRTT UK. 2
NAEZEMRBRRRET 22—, NEH KIS EAIL
FH SN, AR, JRTFE B 1) 4 R I R % o g (UGT)
TN JTAE HE AR N EAT B8 TR A= 0 % AL I g 7 2
(0 — PRI, B e 20 B T IR O 1) PN U A AN
VR ) AT M B RS R A & OB, BFAL B R
BLLEFFAEAR U T S AR =4 7-2.55-10-2 58 5
PR (SN-38) , —4> SN-38 LIy fEHA Ik 21| e 4h



TG, RN, SR, XA, HLE

AR EALE I PR 6 (R 82

MR AESU MR AE A s TR AR SN-38 AEFAZ
UGTI1A1 BERALIERTCTE ) SN-38G HEAGIE, W
TE PN B A R RS R K SN-38G #E H AT VG PE 1)
SN-38, SN-38 £/ P4 1 18 PR, - AT I
SN-38 BREMEN . 1 UGTIAL ERHKZEMES
O NEFIZE M UGT S5PE T B, b A& B s
PEACU =) SN-38 ASBEME A K, I 51 i b 1E
NRERP P

Bai Y %5 A5 1 2015 4F 4 H % 2016 4 9 H1Edk
MR EE R St T ept-11 7 REIPFTA 81 BB, A
I R BT 2D 2 AN IR T ept-11 14T
Frf 81 BB sdtAT T 58 A kK o 8, o Bk 67
B (82.72%) , Lk 14 4] (17.28%) o AWFFILFE T
CPT-11 5 AR, a1 EAm . e
YHARI /D L IR R PERRYS K, 5 32 91 (39.51%)
AU, 28 B (34.57%) R gH D,
39 5] (48.15%) R fiRIE:, 26 7] (32.10%) MR
RAUEMEE. 4 REKY, RAM UGTIAL*6 Al
UGT1A1*28 K B DL J 348 B UGT1A1*6/*28 FE[K 7Y
Eb B A FIAS (A8 i ™ IS XU )

Xu Q 5 AX LR ZE X A BERE ) 89 151l 5 & P b 8L
S EE T TR R ALI T IR, S UGT1A1
B R 2 A PE 500 B R A IR TT 52 R O S 45
BIIAINE . 45 R B8, UGTIA1*28 WW i [K B4 5
H UMV R RIENGTE K2 52.2%, WM+MM #;
WHKRERNT27%, BARERFEG TR (P <
0.05) , KB UGT1A1*28 ;&P 7 8 R SR K I8
TEIEEIEN . MIEEZ T, UGT1A1*6 R Z &M S5
7 R S AR R IS oA SR,

2.6 Mol A YA E

WU A A R R T B 9 TR 7S R A )
CINEREE) AWbn &, wT H T VP0G 50 2 e Bl
I3 BUPRE X VAT B RN, BRI AR SR bR TR 4
HIfiE (ALL) HdHAT A vh RN B (MRD)
W

Iy RCERAIT R ALL (R BRI ik, 2850
BEFERWITETIABIEE 2R MR OtF R
BER AR AR <5%, EIMYIRekE) EZREE. (HAME
ILBIEAF M, ALL BEENTA 106~108 A ifil
WA, BN (MRD) o PY

ALL 897 R A MR A s b 2, b,
e BH 2.0 - Giuseppe Basso %5 ATE L3 B a] 550
# MRD BEAIGKRMRE S, FHFANAFERUITH 15 K

-53 -

(1) MRD 7KF& — ANz B U5 R 2R, F 07 FH R il
o1t RN S e . HARYE 3 15 KRB 6 MRD 7K1
I3 bR fE (<0.01%) « HHfEd (0.1%-10%) .
EEHC>10%), 59 R R RE AN 7.5%17.5%-
47.2%, ERASITFE L (P<0.001) , 4T L
MRD 7KV k47 f [ 53 J2 1) 25 R

Borowitz £ N KB, AMNEIMLSE 8 RAEHES 29 K
1) MRD FHME: i~ %5 AL EFS; 7EH BT b,
MRD # & —AN 5 JJ a1, — ok, %
7K () MRD 55 S 0 22 PR TS AH O« 15 SR IT I 58
29 K% MRD BHPE (<0.01%) 5 MRD #]ill 5

(0.01%-0.1%) AL , 5 4 EFS 430 88% £ 1%+ 59%

+5%, RIffZALE MRD R 0.01%% 0.1% %,
EFS 5 2, iX % B 0.01% & 115 5 16 B BT e T
TR R AE I SR o RIS TE Cox 3B 281 [R5 73 Hir b
RIS 29 K MRD & fi 5 2 1 g R

Tl e 26 [ e i A R R 2, T
2014 4F 12 A EE M2 IR EEHE (FDA) i
MFEEAEGEEEME B #E4E A (B-ALL) 1
1677 . Rambaldi %5 NAE—TUE TR IR 11
At BAIRYT Ph FHIE RS R AEGPE ALL B9 20k,
W FERT GR 45 451 RE A 42 52 3k T Sl RV A k1 YR o7 %
W, Hih 88%MHi# MRD Bttk, %458 — 8
#3)) 7 3£ E FDA 7E 2017 4F 7 A #tu#Etgqnt 208 T
2R AEEYE Ph P ALL f93697 . BY

3 45iE

BAREMREY A 2 N T IR, H2
RE 8% B0 S AR b 0 B 38 249 I PR ARG P 42 5 ik
s ANBIAR B o AR ARRREE A B AR T H R AT Hie R 2
EHER: EMREYSHER K. BUE. 29%17EH
WU AR DG s R WU AR A 75 s S A [ ARG I o 25
RRT 8 FRACRAR MM B AG B ) 8 K bR A ) i2
. R

5 bR, I PRS0 HH I A7 A K B 1 ARG A2 1D
ARSI R T SR, TEAS [B] BRI 4k A A AR A B
W eln: SkIREE T, WA ED OHE:
DNA-PK A1 PI3K f{4Iil77] KU0060648 7£ ATM i 2k
() Sk SR A P, R H R AT IR RCR, 388 ATM
FH B N S KU0060648 2541 AR N A= 490b
B PV AN AT IR G A AR E IR R L
R, 45 GLDH. MDH 5 ALT F+& /K TFEA &
FEMTME, IF HORZAERFPE R R A5, T BT
T BB TR, RN B RAFRiZ K



TG, RN, SR, XA, HLE

AR EALE I PR 6 (R 82

{H: DEFF LS BER 2> RNA SKIE T3 L8 21 rh 21 iy
MR EIAIE, HAT— € ALV S i SR ol it i
R R R KT AT ARAE AT R R D g, BLCE N
BB 05 (4R AR 2 — B TR . BOTE BT, 7E LUK
LFAEARE L N AR PRI RARSS 3R fEhS
AR ER AN A B AR AEORR S, DR A I PR 1 36 ) 5
Jit Ao A P U 2 SR T A A GG A 4 9 i PR R 32 1K
B SEARAESL -

[10]

[11]

[12]

SE K

(IR sE R TT [ iy T i)
20211207-41 b5 S ESUIEE 254 R A Hh S FH 11
BARSR TR

Biomarkers Definitions Working Group. Bethesda,
Md.Biomarkers and surrogate endpoints: Preferred
definitions and conceptual framework.  Clinical

Pharmacology and Therapeutics, 2001,69: 89-95

BRI, Fikz, X% EVEEMEREETRSA
WA IR . SR, 2020. 44(04): 384-394.

FEEME T YR EWETNES R SA. HEL
AP ZE 2Rk L 1999, (01): 61-64.

BTy, RIE. AR EY I8 S AL R EE 22 1) 52
. hEZHEE S EE . 2015, 29(01): 7-13+20.

VAR, Ao, AR, EEEMMAYE B REDRE
YIERAANE R T RSt L. P ER S IR AR
2018. 37(12): 682-686.

WL, WKk, PURM, R, PEZ. AURE

TE 24 ity AR i JE A P ) R S5 A SR 2 .
2020. 21(02): 89-97.

E16: Zi¥IERAHEOR ™ T R ARG A b ). BF
FANE HIE T SRl gt gl

FLRE 2 TR E (2022 O P EAEHAR
%,2022,19(10):1-26.

Early Breast Cancer Trialists ’

(EBCTCG). Trastuzumab for early-stage, HER-2-positive

Collaborative group

breast cancer: a meta-analysis of 13 864 women in seven

randomised trials. Lancet Oncol. 2021
Aug;22(8):1139-1150.

Li L, Chen M, Zheng S, et al. Clinical and Genetic
Predictive Models for the Prediction of Pathological
Complete Response to Optimize the Effectiveness for

Trastuzumab Based Chemotherapy. Front Oncol. 2021 Jul

_54.

[13]

[14]

[15]

(16]

[17]

(18]

(19]

[20]

(21]

15;11:592393.

Gampenrieder S P, Castagnaviz V , Rinnerthaler G, et al.
Treatment Landscape for Patients with HER-2-Positive
Metastatic Breast Cancer: A Review on Emerging
Treatment Options[J]. Cancer Management and Research,
2020, Volume 12:10615-10629.

Kotani D, Shitara K. Trastuzumab deruxtecan for the
treatment of patients with HER2-positive gastric cancer.
Ther Adv Med Oncol. 2021 Jan 7;13:1758835920986518.
JFURPERPRE 2T R me (2022 00O [J]. BER TAERRES
TAJT RS ELZR . 2022(04).

Kudo M, Finn RS, Morimoto M,et al. Ramucirumab for
Patients ~ with  Intermediate-Stage ~ Hepatocellular
Carcinoma and Elevated Alpha-Fetoprotein: Pooled
Results from Two Phase 3 Studies (REACH and
REACH-2). Liver Cancer. 2021 Jul 12;10(5):451-460.
Chon HJ, Kim C. REACH-2: first biomarker-based

anti-angiogenic therapy in patients with advanced
hepatocellular Chin Clin Oncol. 2020
Aug;9(4):58. doi: 10.21037/cc0.2020.01.04. Epub 2020

Feb 25. PMID: 32156118.

carcinoma.

Qin SK, Li Q, Ming Xu J, et al. Icaritin-induced
immunomodulatory efficacy in advanced hepatitis B
virus-related hepatocellular carcinoma: Immunodynamic
biomarkers and overall survival. Cancer Sci. 2020
Nov;111(11):4218-4231.
https://www.nmpa.gov.cn/directory/web/nmpa/zhuanti/ypq
xgg/geezjzh/20220110191736178.html

YAO L, SUN J, ZHANG J, et al. Breast cancer risk in
Chinese women with BRCA1 or BRCA2 mutations [J] .
Breast Cancer Res Treat, 2016, 156(3): 441-445.

Zang F, Ding X, Chen J, et al. Prevalence of BRCA1 and
BRCA2 pathogenic variants in 8627 unselected patients
with breast cancer: stratification of age at diagnosis,
family history and molecular subtype. Breast Cancer Res
Treat. 2022;195(3):431-439.
doi:10.1007/510549-022-06702-4

Robson M, Im SA, Senkus E, et al. Olaparib for
Metastatic Breast Cancer in Patients with a Germline
BRCA Mutation [published correction appears in N Engl J
Med. 2017 Oct 26;377(17 ):1700]. N Engl J Med.
2017;377(6):523-533. doi:10.1056/NEJMoal 706450



TR, BN, RN, X,

L5

PR A A AR T (K

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

Ledermann J, Harter P, Gourley C, Friedlander M, Vergote
I, Rustin G, Scott C, Meier W, Shapira-Frommer R, Safra
T, Matei D, Macpherson E, Watkins C, Carmichael J,
Matulonis U. Olaparib maintenance therapy in
platinum-sensitive relapsed ovarian cancer. N Engl J Med.
2012 Apr 12;366(15):1382 - 92.doi:
10.1056/NEJMo0a1105535. PubMed PMID: 22452356

Sun C, Nierman P, Kendall EK, et al. Clinical and
biological implications of target occupancy in CLL treated
with  the BTK  inhibitor

2020;136(1):93-105. doi:10.1182/blood.2019003715

acalabrutinib. Blood.

Tam CS, Trotman J, Opat S, et al. Phase 1 study of the

selective BTK inhibitor zanubrutinib in B-cell
malignancies and safety and efficacy evaluation in
CLL. Blood. 2019;134(11):851-859.
doi:10.1182/blood.2019001160

Brown JR, Harb WA, Hill BT, et al. Phase I study of
single-agent CC-292, a highly selective Bruton's tyrosine
kinase  inhibitor, in  relapsed/refractory  chronic

lymphocytic leukemia. Haematologica.
2016;101(7):€295-e298.
doi:10.3324/haematol.2015.140806

Schuppe-Koistinen I . Safety biomarkers: Opportunities
and challenges in drug discovery and development[J].
TOXICOLOGY LETTERS, 2012, 211(supp-S).

Marcuello E, Pdez D, Paré L, et al. A genotype-directed
phase I - IV dose-finding study of irinotecan in
combination with fluorouracil/leucovorin as first-line
treatment in advanced colorectal cancer[J]. British journal
of cancer, 2011, 105(1): 53-57.

Bai Y, Wu H, Ma X, et al. Relationship between
UGT1A1* 6/* 28 gene polymorphisms and the efficacy
irinotecan-based

and

OncoTargets and therapy, 2017, 10: 3071.

toxicity of chemotherapy(J].

Xu Q, Ding Y'Y, Song L X, et al. Correlation of UGT1A1

-55-

(31]

(32]

(33]

[34]

[35]

(36]

and ERCCI1 gene polymorphisms with the outcome of
combined irinotecan plus cisplatin treatment in recurrent
Mol Res, 2015, 14(2):

ovarian Genet

7241-7247.

cancer[J].

Theunissen P, Mejstrikova E, Sedek L, et al. Standardized
flow cytometry for highly sensitive MRD measurements
in B-cell acute lymphoblastic leukemia[J]. Blood, The
Journal of the American Society of Hematology, 2017,
129(3): 347-357.

Basso G, Veltrroni M, Valsecchi M G, et al. Risk of
relapse of childhood acute lymphoblastic leukemia is
predicted by flow cytometic measurement of residual
disease on day 15 bone marrow[J]. Journal of Clinical
Oncology, 2009, 27(31): 5168-5174.

Borowitz M J, Devidas M, Hunger S P, et al. Clinical
significance of minimal residual disease in childhood
acute lymphoblastic leukemia and its relationship to other
prognostic factors: a Children's Oncology Group study[J].
Blood, The Journal of the
Hematology, 2008, 111(12): 5477-5485.

American Society of

Basso G, Veltroni M, Valsecchi M G, et al. Risk of relapse
of childhood acute lymphoblastic leukemia is predicted by
flow cytometric measurement of residual disease on day
15 bone marrow[J]. Journal of Clinical Oncology, 2009,
27(31): 5168-5174.

PR, JEAEAR. A=PbR EWIAE D I R VR T T AL
FFCHERE. DRSRRNIE. 2018, 26(10): 621-626.
FEpEge, FRAT. AEVIARE AL LS YR I 0 v ST
TR, ZOWIRATIR 226 . 2019. 28(06): 413-418.

AU B ©2023 1E# 5 FFHGREUATIHF7¢ .0 (OAIRC)
. AERBAIREEZL T ITEARERE.

http://creativecommons.org/licenses/by/4.0/

OPEN ACCESS


http://creativecommons.org/licenses/by/4.0/�

	1 生物标志物的定义、分类及国内外法规和资格认定程序
	1.1 生物标志物的定义、分类
	1.2 生物标志物国内外法规和资格认定程序

	2 不同类型生物标志物在临床试验中的应用实例
	2.1 诊断性生物标志物
	2.2 预后性生物标志物
	2.3 预测性生物标志物
	2.4 药效学生物标志物
	2.5 安全性生物标志物
	2.6 监测性生物标志物

	3 结语

