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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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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
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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: SRR LI R AN TEYY, SR 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 =
T 280 R 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
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IEs X N
T RS DTS, 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
TR H 2 E 5255 fs F ) ( Pharmacogenomic data
submissions). IfRZYI R 457 LI R A 72 1
b T AT P Al A FR S 1) 2 ) ( 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 S LI — 48, 59— Pl it AR ds &
W) 95 k% %5 5E 72 7 ( Biomarker Qualification Program,
BQP) . H i 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). {25 & [FI Tf  A=W ks &4
SR NEAS I 7 VE R 4R 3R 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 53251 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)
Sy
genomic data)

R, 2019 FEEFKLMEHEE KA (E15:
I bR S 2GR . B 2B FE P
HEAE USRI IS 73 2K E L) (EBl6: 5244k
W] AT R AR SR bR B BB SE A RH
St Gk UL AR 1@ TR E AR . E16 f5iH:
CHEZW AR P i T R I R Y AT AR IR 35 AT
BEAT AR BTG NGE , EAE PR BB HE 5 B
HERE I AR EXD BEAGINE B RS CTD A& U ORFF —
B, DMESRASHIE PF. R — MRS O — A
WEHUIATT, HEA1EI%SE NDA/BLA/MAA I, TG/
HENUETE BB A A 1 PR A= Wb 5 0 B8 P IR R A 4 W
HUREAT SR 1P . N 75 2/ NDA/BLA/MAA EH A
AR MR, NIRENA R — 0 B 7 1FE R S
R NEN P

[ 58 24 i B B Ry AT 1 — R AV I R 4 5
JR, BAKNEW KB EMAR SRR . Jyit—D
SR E PR RR 2 5 KK, T 2021 FEE KA
RS MAAT I RS S ADE TN 2570 m PRAE A B
I AT S D) R Gethgh B AR S E X
73 2K AL TR 25 P RAIE 5 A B i Bk g =, OF
AR Sl T NAE R BT RGP BOT A4
P EMR R T, AW AN,
RIFEYAR EVHESR SR IR IR NBEILHE.
BrARZ f R TR A Ve e bkl Sy TR /e . 7 B

2 NEIZEB A IAREAITE IR PRI 3G A A R A SE 51

2.1 LA A AR ES

WA YRR SV 12 N T R RS W R )
1BIT . Hoh, AR KT 3244-2 (human epidermal
growth factor receptor-2, HER-2) fEF . B, IF
/N it 5 22 o Jo g o 20K, BRI A, T
PAdie t HER-2 PHYEM S . BHET, CfA 2 MEXT
HER-2 FHPERGEE R 259 LT . DL HER-2 Af, W]
Wk A Vs EE 25t R R A E A

FEFLIRIE AR, HER-2 JEIR 4 2 5 PR AE



TR, BN, RN, XIRHE, d L R A A AR T (1 8

KE#EBRBEENHFRZ —. R4 30%MFET  BCGHZeRagn, fegdt— D ocs BT R e
Al HHEE HER-2 JEM S BERIA, fhdt eilul, moh—  BRAAT, nIAE1SE I HER-2 BH P i 0 L A7 2
AN R FRE LS 2 T IR B A, YA HER-2 AEfEIAIE K 15.7 DAY, 3L CLEOPATRA 4545
ARSI 7 AE T HAAE & HER-2 ¥ A1 16T 1 S BEAA ] A 22 2R P A AR Y HER-2. B 4 A 4 L s
PLE RIS . HER-2 PHIERE S S skt M—%ia07.

W, I 10% R4 i 30 e B B s s (5 (3+) AlI/aR UL HER-2 ¥R S Z AR M 254 b1iv, e EFs /I
JR AL 28 2SRl 2 HER-2 FER 918 (4% D1 HER-2 J& 53 ¥ B[R] 24 W) I 2 R U 4T A1) 7 (tyrosine kinase
[K>6 5% HER-2/CEP17 LtfEi>2.0) . X}Fi2Wi HER-2  inhibitors, TKIs) 2§, wivif# sk, LLAHiik-254
FHAEFLI i, ML il 2 Bk B b (0 4 B OB 4 1B %4 Cantibody-drugconjugate, ADCs )2, trastuzumab-

Bty deruxtecan (DS-8201) %%, FE41%} HER-2 BHAH: & HY
M ZERHHT (Herceptin, #FFEVT) F 1998 £ 9 A Y7 L, Bor 1 RAFAIE RN AT 5 -
25 HTEEE#LME L. JEFZ & B Roche Pharma ADCs & H#8 [a] /F FH B0 o B e pofn oA 4 i 5

(Schweiz) Ltd Wt & [ —Fh 2 DNA NJEAL s sale e PEVE R 4k 24 259 A8 BT % B 0038 B e ek 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& /& H1 ADC 254, il 22k
MRS MEFLIE . HER-2 PHVER) R IIFLIE . B6fetE BN T 047 S5 P Tt 400 o) 7 308 3k v A ) o 42 S i %

B . A, DS-8201 AEHE 75 Sy 2 ik 40 MR sE, ok 9 44 i
2021 4F Lancet K3 T H 7RSS P EA A RO A R
(EBCTCG) 7t s, XJ 7 WiFENLYS BRI, 13864 HER-2 2 HEl AL B R EENE LS, BE

Bl AU Lo KR A RO AT T 252500, 12-16% 11 15 98 i34 /& HER-2 FHPESRAR R, &% HER-2
W FNH NS HER-2 FHPE RS, IR H RS2 1 ih FH PR 3 5 98 5 %, DESTINY-Gastric01 X5 A 1
ZEREAPURBNGTT . PRI RE 144 ANH, PAIBE DS-8201 MR FTEE R iZSIG NAL T SeRT it =0 2
U7 10.7 4. ZMPAAERERY, X TR HER-2 FHEAL ROy S CEIE M ZER B HUAMLST) J5 1 1 2 ) HER-2
Mg, MZEREBTHT S RHAT AL, TWEE BIYE. AT UIBRME SR B EUE AR A
FEOEFI MR RFAE QN ], FUIE S R F Mm% ERER: S5HTAHL, DS-8201 LR ST KB
B =52 —. U, filkT 41% 7£ ORR Al OS Jyifi¥ R git L%
IR, B E KO8 o 22 B it seal s, X600 R 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 &) BF K 19370
A M Z BRI Z BRI VR T B 2 VARSI A R, AR — A N 1gGL B e kE b
51 -
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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 F112.8 4~ F(HR 0.33,
95% CI 0.17-0.64), WFFEHUA T F B4 SRR B4 1.
TSI T e A VR DLRT R 2 I B AR L,
I RIS A4 I RE 2 B 5L B LI A R .
REACH-2 W7t &AM br Sk R i 258 — AN
PE I WIAT 4R (HCC) k36, Ml HCC B Af
HHIREA, XETUGARFREN.

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)
Je 4k S 25 B U R 352 HCC Wit RAuiBIT I S
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 T A P s A ) R AL, RSO
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)
Y18 TR m L A, #5737 BRCA1/2 FE KR Lotk
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 RAZHN 15%-20%, HHAR R 7L e = -
o, IE & BRCA1 2845 [d] = B M FLIRE S R E N5 V),
60%-80%M1: 5 BRCA1 A7 & =B LR, B
RIFFERR, BAWHRFREAMR, 75 BRCAL
T R F AL e 5B o 2P

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

e B S A FE I & B PARP 400170 BB A JE, g
FH1EZ 2 ADP #0524 DNA 454, PHWHZEY
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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R A A AR T (1 8

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 IR JE Bidn it B 2507 (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) , TCHEEAAFRILLSY,
&, 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, PLAEANE JeHifF ik 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%
A2, HE BTK 324K 5 HZRAE 24 /Ny [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
YikrE), TH BRI AT B R AR T AN R ML R
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-1D) A EWTHA, T 1998 4
AFEE FDA #E4E, H THREIST 7 R RIS 1
P EH e —2i6y7, BTG Z N T B, R
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