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Abstract: Currently, breast cancer is a common malignancy in female, and previous guidelines recommended
that one of the key biomarkers for breast cancer, human epidermal growth factor receptor 2 (HER2), is
classified as either positive or negative to guide clinicians’ treatment decisions. While nearly half of breast
cancer patients have low HER2 expression (IHC expression is 1+ or 2+ and ISH detection is negative), such
patients are insensitive to traditional anti-HER?2 targeted therapy. However, novel antibody-drug conjugates
(ADCs) provide new targeted therapy options for breast cancer patients with low HER2 expression,
challenging the traditional binary concept and arousing research enthusiasm. In the latest ASCO/CAP
guidelines for HER2 detection in breast cancer, HER2-low breast cancer has been included as a clinical
treatment subgroup. This article will review the definition of HER2-low breast cancer, the progress of drug
therapy such as ADC, and the current challenges faced by this subgroup.
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— PR I, R n] BE MR B e R TR S
FeI7 A2 25 1) BB PR TARE . 20184 & =l R
L E R EE 22y ( ASCO/CAP) #i,
ST FLRIEHER2 FAYE FIHER2 B E AT — e X 43, HP
SEATIHCAI , THC 3+F[WrhHER2 AT, THC 0F1
1+HIHNB A HER2FAYE o THC 2+ 75 i —25 1 I
P24 38 1 J7 B #EATHER 2L B BRI .
ISHA Y #4 )5 FHER2(M:, § 3134 14 T HER2FH
PEo WRAE T EYUED S (HER2EDIHER (20194
i) ), THCZE JE A hrdE . HER2 0: L Ak
< 10% 1 1= V988 40 B 2 BEAS SE B 1 L 035 1 4 e
Yot ; HER2 1+: >10%0AY 1% T8 40 it 52 BN ¢ 3%
M. s P 4 B R YL €4, HER2 2+ 2R,
S — T oA>10% 11835 11 82 20 it 52 B 55 - P A58 i 10 5
A M RREYL T 55 R A < 0% 35 i 98 40 i PR
ST S0 A A A0 BB Y €15 HER2 3+: >10%9 121
FEANM R . TR AT AN e (), DA
T8 SR E a7, i 25 JL-H4FHER2FH
T TS A B A2 i P A8 s 8 1T e M
Bk B HATHER2HE 1] 245 4 4k 25 s 1Y 7
MHAREY)

FE 2 i B — TR B A LI, 2S00 il 2
TR BT FHITHER 2 LU K G HER 2L F A 7L R AR
FHPSEE, BRI MIEIRE XY, SR
YIHF K W Boph & R YR T RATXMHER2IE R B M E
Pio BT AIHTHER2HE 7] 245 ) ADCTE HER2{IR 3R 34 %L,
B B RIS, JRRE TRIIRIT T4, 1F
MYIDESTINY -Breast04i{ 40 H, SIbyrftL, Bl
HLHER24T 14 -24 W) 1) Bk ) 1t 2 2k 52 4 deruxtecan
(T-DXd ) 9% IE B AT s i ib # A HER 2 IR e ik
FUIRE B E Y TCt AR (PFS) AL A £
(0S8 ) M, 2EE AN HER2I 2 1k 7L AR 98 4 ~7 3y 7Y
HATIRAFINT, 2021 H i R g 2% 45 ( Chin-
ese Society of Clinical Oncology, CSCO ) FLAffE 12
SR HER2MR R GA 2 U . THC 1+8KIHC 2+H.
ISHFAPE, #E4cHt, HEREFE AT 512 81k
FLIRIEE 1 45%~55%
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BHRG) IRYT, I B e i AT ARy

BR324 B R s e A PR e A s & % 1
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TR A i 2 B A R At 0B il Bl T e 155k
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g B TP R B R 2 IR T IR R - R
AHER2 KA B A 975 B0 R [ HER219 24
YIHTIRYY . HERGD, HAPUAMREZI P ADCH)
[t , A5 AATTF 4R 510 B HER2 I 32k FL AR 8 £
AT RE S —FIHT A RE ) EAE
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ST 25 AR IR 8O, = — e T N
T4 6 B P 2 24 3 3 B PR v B LR Y
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M REIF AR B B i e B R AU 4R . 13k
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THE R BB R A SRS . LR AE S ADCHY il 5
PEr, TEIEEEEMEM, HSESEARS
(A SEFN o] R S VR IR 4R, sk T X IE
WA A IR M B 2 1E S ADCZS 1Y
<ok, R IR BT IR N A G R A, S
BB YIA L, ADCAAY ELA W e R i i
B M EE T IR EEE N, B I
R, PR R RADCAYINEE A E
B S, HAEFRYOE T ADCTEMBAEER R 48 H
MRSEME . I AN AT LA A5kt fo PR 4k 24 4
AR B LYK R GEAS W S5 s A A AR R =R
F, BBEIRIEADCTERE N HE AR LS, 7R
it 2 v T T4 R ORI 2R 245 AR A e A
PAT-DXd R, HR VLA mT 246 i1,
AT-DXARERELE MR R G PR as i Ra e, JBEFE
iR A N s Rk ak 2y . TR, i FDXdEA R
W H BB Y, T-DXAIE 1] A5 408 3 74 88 20 i
R AT <S5 WA RN S5 R0 JE 18 ADCRE LY
200 A 24 T LA M o e 4 L A5 380 48T 114 e 4
Ji, Tk S A T BEAS IR ADCIE s S BT
J5, FHIZEME RN, ADCH R RESE A I 18 5 e
PP BH BT BAPE AR AN, AT ECGEIRT T AL
Jeo DX TP 5 S T R TRy T
FEE Y g5 b, HADCHEANMET Y K S
SMEATEHER2AE IS HR B PRSI B3R P it T
A BB B A
2.1.1 T-DXd T-DXd NEACEseREdT A i 22k
HPL . FTGGFGIU IR 51 14 7T S 34 32 Fog 784
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DNAYFN A T #HIFIDXALLAL, JEexatecanfi]
W, 2Ptk e ( drug-to-antibody ratio,
DAR) #ik8:1, TEHWIMAIFFEMAT-DXdZE—Fh
ARPTIE 25, B RIFZ )G, %249
THGHE A PRI . DESTINY-Breast 03— 1
IXT-DXAZE 4 P AN R0k i T I PR 8e . 5 T-
DMIAHLL, %55 Won ok R AAE ] (PFS) B3
M, JF HERME R, HEICFDASCHEZ 2 W 1E R
HER2FHME LR FLIR 1 — B T 25 . Loh,
3 TDESTINY-Breast 043 & ¢ 45 %, T-DXdTE
HER2IC A LI 3K A5 T FDAMEHE, %56
TGRS, ¥R 22 by i
HER2MN R IAFERMEZL R B . ek, S5
AP FE I HAB ALY P A L, T-DXA R PFSHIOS
FHEY, T-DXARY IR ARG 5 B AL 5]
AT — Tl 6 FL g A ——HER2AE 26 35 R FL IR
S, T H oM FURREIE) AR e T A A1k,
MT-DXdAMIAS BN S5 AE Y . R E R EaiE s
WiBZERL . BREEE RN A . (EAERNE, B2
T-DXAIGYT I A 12% K A= 1) v s U, 4
BRA IR TG . RAE A2 o R oy s g
TRYT PG B R R B O R . B, I
PREEIAE X 2 i fs NV . Jdr b DGR
Y7 I PN E S O SR REAR . BRI AU I 2
HEBC TN IR L

J T it — R T-DXdAFE HER2AI 2 3k 7L
iR gs Ak, FENTEATEE 2R AR T R . H
T2 IR S RIERITINE & . T-DXdis i
PEVTTIE R, BRI A, IR SR T
HET-HA1 (anti-programmed death-ligand 1, PD-L1 )
PRREIVEFUS, ZEBEGONIAIREG H1, T-DXdBTAL
41 EjDurvalumabk & 74 J7 HR B4 /HER 21K 36 3k 1)
HRERLIE B A —ZnTT, HERI TR 22
il 260 1A FLARIE IR T SR A TR SRR S5 Oy
], {HZT-DXdIA RN G G A R
N 2 R R T A 2 MR T R 2 5 B R A T2
R S5 B E,
2.1.2 SYD985 i Z-Ek Bditrastuzumab duocarma-
zine (SYD985) HH —FHTHER2MYBLIRLL AL, %
PoAE i T U E i #2Y S5 DN AKE Rk Duocarmy-
cinfi k4t A . R SYDISSIIDARME £ 2.8:1,
{BAEIG RATI A . SYD9SS5 L T-DM17EHER 2% 3%
AR T Ve R AECEEMERRE D, ARYEE
HI PO 5E & AR AR B 1 o 240 fE—T R 4y
T1%) B BT S PO IR FANE , FERY

MRS . THRAE . JIHIE A B,

2.1.3 RC48-ADC Disitamabvedotin (RC48-ADC )
2 TR R AL BTHER2 52 5 B T & Hertuzumab
5 AR EGITE (monomethyl auristatin E, MM-
AE) iH i v 2 TR . DARZIN4, #
HARSENE, Fm R T3 WE 0, 4R
i, 5T-DXdAREFE, RC48-ADCHI T HER24L
WA ZER BT, M DisitamabBiiA™, 5 ih%
EREHTAH G, Disitamab 2 #%1E I XTHER2 EL A B 4
B3 T3E M1 11 . MMAE/Z Auristatinf) & A= 4,
HAPA 25y ZWEFHPY, RC48-ADCH KFEH E 3K
it TR T HER 2 3235 1 Jm 3 e B sl e o Mk
P, HETIEAEXIRCA8FH THER2FHME K AR iA %L
PRIEIA TGS FITAL o Hofm B WLATRTT A R R
R R G M TE . IR IR AR B ) A
2.14 ARX-788 ARX-788/2& % —ffi W HER24M
AT, SRR AS2694H K . ARX-788/H
FH—M A i E X ORI &R (pAF) ,
HZE 4 3 BT e HTHER2 BT d A | A T 0 45
AV AT . pAFH T mABZE 3
B TAS269, ARX-788TE I PRHETHFFE H s i
XTHER2FHM: . HER2MIKLF 1514 S T-DM 1Tt 24 188 1)
TEPERY, ARX-78811 i A e PE FIp AF-AS269 1A il
T 28 AT e R LR A SRR A, X AN T
HABADC™, 3T ARX-788 1 1l F i 16 14 A
gL FDAZ T IEGEETE 2 . ARXT7887EREA: 122
Z I T-DXAIAYT HY HER2 BHE 56 R ML Mg s o
iy a=ek T IAAESY B AT IEAESETT (NCT04829604 )
ARX-788 5 Hi s Je Ik & < 5 b 2 vA T HER2BH 74
i 30 B B PR L iR 9 £8 1) T ACE-Breast-021:0 56
3 AT ARX-788 LM Bl 1K A PD-141)1 il 571 Cemi-
plimabf i HER2BH 1 5 191 3L Bt g 28 5 s i Bnvs
§7, IEAEI-SPY2IRE: rh A i EAs

2.1.5 MRGO02%%] MRGO002JEF[E A F0F 411
ADCZ5¥), AT LIRS P25 & e 4 i 3 T HER 241
R, Pl R AAZ RN A A AN S 2
fEREIMMAE, SABIHUIMRERCR [R5 K ks
FITBEBE ( g ARIrBERE ) 2R B AE T EIfG R
fif g 2% 45 ((CSCO) T 20214E7H 78 L #5 4 ITF 1)
BOC/BOA 2021 Chinazi¥l F 7R, M5 AL
BEN AT RECh R, Wt BB E &1~
MBI RIE , BHEZMRGO2MIATT, MR
R B F IR 50%, HEERASNERE, S5HAT
] it 38 Th7 SR I DS 820 L7 AU AH 2, X To5E
ST NSERIFR A R . HAMRG002 H ik
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SUBBAT TR HER, R EAE S 2L it —
PHRFEEABIEL 2,
2.2 XS bR

KU FEPEPUIR ( bispecific antibody, BsAb ) J&
TR AT LGS G DA [FHUR B — U RIR AL AR
RPUAR, AT RREDUA, SRS ERUARA EE
FRONHLRI AR E Es G, IS BT DITEA ™
TR ARON; R B A TR 2 05 3 i, M
GG NG 111: & 7T % N N DS e e O
TN H B RREESNE . WEIRIE . BT /R i BRI
BB AAE s Hrp o ARAAFLIE R HPT ( Zani-
datamab, ZW25 ) . ZW250] [a] i 5 # ~HER2Z& {3/
G55 MZEREHTLE G BECDAR AL MG Z 2k B4t
S5 G IRECD2R A, 38 1 [ Ak DR 5] — 2 e A PR
AR TR) 2 A2 AT DL 4 M 7 1 HER2[R] P 5 {4 fn
HERS A A 53 () SRR AR 1, ATk B S 4y
RIHEVERR" . A JEZ RS0 ( Ertumaxomab ) |
‘B & — FI I (] HER2/neu M CD3 ) 58 4 SRS S PE BT
7, e SR Fey 1 /M BIZ AL A, SE0hg
Y. TN A B A0 i 2 (B R = AR A,
AR R O i Z 2R BT 25 ATHER2/neufik 36
IR BT IMR TREEY A B RN R RS
2.3 MR

IR RE B R IR T R — Rk, Sl R
i Te A L BT R FR B ) SR OS S A B T R
BT R RIE R G R U S Y) BRI BN
PR sl R A K H Y. BERSIE I H S E R
SR AR MR R S UE R MR AR ST . H AT
Jiba s i B R SR AR B . R R
JREERIR L, BT R A Z K NPS ., GP2,
AE37FIMVF HER2 ( 628-647) , LAK LIJk#E Rk
TRIEETTVRP-HER2,, Forf, NPS5#HiBhR4HM-E
It 241 Ji 4 Y% i3 KL ( granulocyte-macrophage co-
lony-stimulating factor, GM-CSF ) B4 ( NPS+GM-
CSF) REffT HER2IL 3Rk L Mo FR A TR N 7 AR B K
W RE RN, JET A DUV . AR Z Bk R
PUMINPS+GM-CSFAy #1245 7E HER2 IR e 1k FL i
HHTR SR AR, (HX —H AT RE S
A= BRI R A

3 HER2FZMEIGRIPEE
3.1 HER2ZFRRM otk

[vi] — s N AR TR X3k, dn i k5 TRl & A=
ARG | R & A R R R #5 RS b Y HER2
Lk AKFABEAFPY, HERAK 35 O Wik B 25

I 6] RS T AL . HER2AIG 635 Mg AT LA 7E -
— A & R AHER2FAME, [2 2, HER2FH AR
1] BB 7E K- — B[] A5 & R GHER2AIC R A9, I
HEYER A EERE, RV A B 1 i1 Al
T, HER2FIHRsi# #% - [8] 1) § 4Lt 7] LA 1T HER2
MIFRIE. LA, PNAMIARTT v REAT B T 15 6 4 A
FIMHER2AYFRIA o b7 MUY ] 68 38 1 NF-x B
PEAE_LRHER2FE A IR FEAER, [RIE, NF-«xB
T PEBR E MR A (TME ) AR SSolliso
IEMTHER2FR A KNS . X SHER2 RIBAA
JE AN TR, HER23T 35 5 B #ff 119 36 D5 4 w5 A8 A
%, IF HAERHE] AR EE 2™, HER2MFAE N
R E RS HT-DXAAI R E, Hitfs
B HNTE S H AU 5 R R R HER2 . 4
HRESERE BN TR | Y frnim B R I T P 20 A ) PH
A3 By 6 — kb g R AT 2 B B HER2 A
XFZ R MR, W6 Z2 AN s E A THER2AGI %)
T2 % i R LI B E N R E A THER2 A6
XFHEBAYY (EFEHTHER2IAYY ) Ja &, M
FHPFAHER2IR A, WERHER2IR A S 75 A A 2
A AIEAN IR, ORI 1 KT
B3R s X IE AR LU SRR A ()
3HEEZT 10%1 BI{E ) B F AR MHER2R A
A, NITHAG E I TEHER2R RN, Al R Lt
BIRITIRR . 25 1, ARARTFERIIFEHEZL
A= bR B YR Sh A R I W I HER 2 A 225815 L S
T-DXdZ 25T AL
3.2 HER2ZFEIAMEEREBRAL

Jg B2 | X JrHER2AIK 2 35 Ji 8 5 HER2 [ 14
iR 2 FR AT I 0 o5 — Bk k. H AT E A
HER2ASMIFE g A il 2 1 B EL 141 X /- HER 24K
FIR VB IE S e X T O B2 R AE X s
HER2ZHFA TR IR AR IR0, G5 IR A —
HOY, HERRME, 05+ BIEIFAREEIE X /4
TRHER2 ) I FE FeIXHER2 I , [ W HER2-
07 X it SR VFHER2AY — 2L e IR 35 (“7E<10%
R A R s, LSRRI RR) , R
i1 HFR HAHER2E R R IN . FEad 2 ay JL 45
B, XA BE AR BRI RE L, (HIAERR
HABERMIGIRE X, XEEERNERE R
T B Rk, A, HEREZE A 1HiE 57 3|
VFZ AN Fir ARSI R A 52 . HER2AIRZR K11
RN B ) 2 AL LA BEASEE R 520, B 7 A I i AIYE
(2 204 B2 C B, fER I b, R [Rl HER2
THCHT X HER 2R 2 25 46 0 119 S0 st T RE A7 AE 22
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5o P IR I 2075 — A58 i3 40 1 4 1 1) HE-
ROAGINHE rE ,  ELAGH I T A 1 AU A Ak 4 R A
TURE AR LA TG BTN T
3.3 HER25# & 2K

164 R 1k, FFERTA O THERUR R A FLIYE
FRERIIT SRR 2 T —BUn g R . Tl AN =
M R B E Z AR (hormone receptor, HR ) AR
BSAEHER2E R B FUIRE B Pl 5 = X EZE I
Mo fA%dEmmid, SHRIAVERZLIEA L, HREA
PE R FLAR I FEHER2MIC 3k s 191 v s 407 Bl
bl B AEWFHER2HE [5] ADC I R I FH K IF 5T 22 46
BRI FLAR I R, R BU B RE fe , HE
HER2(IXZFRIAHR A M A1 3545 T 5 HER2MLR A
4 NBEL) S HER 2 FE 35 HR BHM: 7 048 Ky — B0 45
W, SR, A HRE T HEREZAHR I ARER
FEATARX D, Ahas it — P e AR AR Y
Il ARIT RS N A X 47~ , HER2MIKH A FLIR
Jeg 0 A 2 NI A M 1T 8 DR B R 2 AR T 5
H A 5 2RI HTHER 2K 3 18 2L AR 98 16 A BRI 1Y
Il RAIFSE 8 FE AR PR HR ISR R TR, &
IHRAR A T AR — MR H R, IRATHZ i —
HWFSCHER2IC A UM A= W4 O RRAE , L HOE:
KT B RS — PR A 427 7 AR s R I A

4 REERE

BIIHTHER2HE [0 HiA — 25 I X HER2AIK
FIRFUIE B A BT R, X PR TS
HER2FHBHM L/ 25, BT, & Fnl#49 T-DXd7E
MG ARG T KR %, KO ZRIttH iR
JPHER2ME A LI 38 . T-DXd5 e r ik
A7 S AFHER2IL 3R 15 M 03 FL R o BB % I 23R YT
o A TEREATER R . EAh, SYD98S. RC48.
MRGO002. ARX788. ZW25, JEZRKEHHT LI
JE T TE AT XTHER2AIR 638 LRI 116 PR 156 o e
B AR TS PR 16 1 s A TR 2 AE R A2 )
. 7F AU 22 R FEHER 2 36 1K FL IR 88 F 3 b 10 1
o XF LG IRIGYT A T3 10 T HER2IC A 2L
PIRIESE, AT AT IZ W BT ANIG RIGUE , 7Tk
— I REME T | R A A IR S TR AR R, L
A6 B b 2l st AR Y T

FERAERR:

P A AEE LI AR £ th 25

Sk

[1] Modi S, Jacot W, Yamashita T, et al. Trastuzumab deruxtecan in

(2]

[3]

(4]

[3]

(6]

(7

(8]

(9]

[10

=

[11

—

[12

—

[13

—

[14

[}

previously treated HER2-low advanced breast cancer[J]. N Engl J
Med, 2022, 387(1): 9-20.

Yamauchi H, Stearns V, Hayes DF. When is a tumor marker
ready for prime time? A case study of c-erbb-2 as a predictive
factor in breast cancer[J]. J Clin Oncol, 2001, 19(8): 2334-2356.
WRIH, £45. (FLIAEHER2KG IR FE(2019850) ) HE B4
B i 332 5 SR BSHD). WRIT IS 2%, 2019, 41(14): 1461-1463, 1476.
[Xu RJ, Wang W. Interpretation and discussion of the updated
part of HER2 Detection Guidelines for Breast Cancer (2019
edition)[J]. Zhejiang Yi Xue, 2019, 41(14): 1461-1463, 1476.]
Wolff AC, Hammond MEH, Allison KH, et al. Human epidermal
growth factor receptor 2 testing in breast cancer: American
Society of Clinical Oncology/College of American Pathologists
clinical practice guideline focused update[J]. J Clin Oncol, 2018,
36(20): 2105-2122.

Fehrenbacher L, Cecchini RS, Geyer CE Jr, et al. NSABP B-
47/NRG oncology phase lll randomized trial comparing adjuvant
chemotherapy with or without trastuzumab in high-risk invasive
breast cancer negative for HER2 by FISH and with IHC 1+ or
2[J]. J Clin Oncol, 2020, 38(5): 444-453.

AR, VLT 202145 i [ I PR R 2 = P S T R
B AR, PR EE R 2R K, 2021, 101(24): 1835-1838. [Li
JB, Jiang ZF. Chinese Society of Clinical Oncology Breast
Cancer Guideline Version 2021: updates and interpretations[J].
Zhonghua Yi Xue Za Zhi, 2021, 101(24): 1835-1838.]

Filho OM, Viale G, Stein S, et al. Impact of HER2 heterogeneity
on treatment response of early-stage HER2-positive breast cancer:
Phase Il neoadjuvant clinical trial of T-DM 1 combined with pertuz-
umab[J]. Cancer Discov, 2021, 11(10): 2474-2487.

Tsuchikama K, An Z. Antibody-drug conjugates: Recent advan-
ces in conjugation and linker chemistries[J]. Protein Cell, 2018,
9(1): 33-46.

Jin Y, Schladetsch MA, Huang X, et al. Stepping forward in
antibody-drug conjugate development[J]. Pharmacol Ther, 2022,
229:107917.

Nakada T, Sugihara K, Jikoh T, et al. The latest research and
development into the antibody-drug conjugate, [fam-] trastuzu-
mab deruxtecan (DS-8201a), for HER2 cancer therapy[J]. Chem
Pharm Bull (Tokyo), 2019, 67(3): 173-185.

Giugliano F, Corti C, Tarantino P, et al. Bystander effect of
antibody-drug conjugates: Fact or fiction?[J]. Curr Oncol Rep,
2022, 24(7): 809-817.

Tarantino P, Curigliano G, Tolaney SM. Navigating the HER2-
low paradigm in breast oncology: New standards, future horiz-
ons[J]. Cancer Discov, 2022, 12(9): 2026-2030.

Soares LR, Vilbert M, Rosa VDL, et al. Incidence of interstitial
lung disease and cardiotoxicity with trastuzumab deruxtecan in
breast cancer patients: A systematic review and single-arm meta-
analysis[J]. ESMO Open, 2023, 8(4): 101613.

Nicolo E, Giugliano F, Ascione L, et al. Combining antibody-
drug conjugates with immunotherapy in solid tumors: Current
landscape and future perspectives[J]. Cancer Treat Rev, 2022,

106: 102395.


https://doi.org/10.1056/NEJMoa2203690
https://doi.org/10.1056/NEJMoa2203690
https://doi.org/10.1200/JCO.2001.19.8.2334
https://doi.org/10.12056/j.issn.1006-2785.2019.41.14.2019-1200
https://doi.org/10.12056/j.issn.1006-2785.2019.41.14.2019-1200
https://doi.org/10.1200/JCO.2018.77.8738
https://doi.org/10.1200/JCO.19.01455
https://doi.org/10.3760/cma.j.cn112137-20210421-00954
https://doi.org/10.3760/cma.j.cn112137-20210421-00954
https://doi.org/10.1158/2159-8290.CD-20-1557
https://doi.org/10.1007/s13238-016-0323-0
https://doi.org/10.1016/j.pharmthera.2021.107917
https://doi.org/10.1248/cpb.c18-00744
https://doi.org/10.1248/cpb.c18-00744
https://doi.org/10.1007/s11912-022-01266-4
https://doi.org/10.1158/2159-8290.CD-22-0703
https://doi.org/10.1016/j.esmoop.2023.101613
https://doi.org/10.1016/j.ctrv.2022.102395

AYBERH a8 I 272024 F 5551455578 Cancer Res Prev Treat,2024,Vol.51,No.7 + 503

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

Iwata TN, Ishii C, Ishida S, et al. A HER2-targeting antibody-
drug conjugate, trastuzumab deruxtecan (ds-8201a), enhances ant-
itumor immunity in a mouse model[J]. Mol Cancer Ther, 2018,
17(7): 1494-1503.

Schmid P, Im SA, Armstrong AC, et al. BEGONIA: Phase 1b/2
study of durvalumab (D) combinations in locally advanced/
metastatic triple-negative breast cancer (TNBC)—initial results
from arm 1, d+paclitaxel (P), and arm 6, d-+trastuzumab derux-
tecan (T-DXD)[J]. J Clin Oncol, 2021, 39(suppl): 1023.

van der Lee MM, Groothuis PG, Ubink R, et al. The preclinical
profile of the duocarmycin-based HER2-targeting ADC SYD985
predicts for clinical benefit in low HER2-expressing breast can-
cers[J]. Mol Cancer Ther, 2015, 14(3): 692-703.

Banerji U, van Herpen CML, Saura C, et al. Trastuzumab
duocarmazine in locally advanced and metastatic solid tumours
and HER2-expressing breast cancer: a phase 1 dose-escalation
and dose-expansion study[J]. Lancet Oncol, 2019, 20(8): 1124-
1135.

Yao X, Jiang J, Wang X, et al. A novel humanized anti-HER2
antibody conjugated with MMAE exerts potent anti-tumor
activity[J]. Breast Cancer Res Treat, 2015, 153(1): 123-133.

Shi F, Liu Y, Zhou X, ef al. Disitamab vedotin: A novel antibody-
drug conjugates for cancer therapy[J]. Drug Deliv, 2022, 29(1):
1335-1344.

Buckel L, Savariar EN, Crisp JL, et al. Tumor radiosensitization
by monomethyl auristatin E: Mechanism of action and targeted
delivery[J]. Cancer Res, 2015, 75(7): 1376-1387.

Deeks ED. Disitamab vedotin: First approval[J]. Drugs, 2021,
81(16): 1929-1935.

Mark C, Lee JS, Cui X, ef al. Antibody-drug conjugates in breast
cancer: Current status and future directions[J]. Int J Mol Sci,
2023, 24(18): 13726.

Barok M, Le Joncour V, Martins A, et al. ARX788, a novel anti-
HER2 antibody-drug conjugate, shows anti-tumor effects in
preclinical models of trastuzumab emtansine-resistant HER2-
positive breast cancer and gastric cancer[J]. Cancer Lett, 2020,
473:156-163.

Hurvitz SA, Park H, Frentzas S, et al. Safety and unique
pharmacokinetic profile of ARX788, a site-specific ADC, in
heavily pretreated patients with HER2-overexpresing solid
tumors: Results from two phase 1 clinical trials[J]. J Clin Oncol,
2021, 39(15_suppl): 1038.

Li H, Zhang X, Xu Z, et al. Preclinical evaluation of MRG002, a

novel HER2-targeting antibody-drug conjugate with potent anti-
tumor activity against HER2-positive solid tumors[J]. Antib Ther,
2021, 4(3): 175-184.

WG58, TR, SRIRZR. SR SRR IO B ST R (D], A= T
2% 42, 2020, 36(1): 33-43. [Ye JT, Meng SD, Zhu XD. Recent

[27

—

advances in the development of bispecific antibodies[J]. Sheng
Wu Gong Cheng Xue Bao, 2020, 36(1): 33-43.]

[28] Labrijn AF, Janmaat ML, Reichert JM, et al. Bispecific

[t

antibodies: A mechanistic review of the pipeline[J]. Nat Rev Drug
Discov, 2019, 18(8): 585-608.
[29

—

No authors listed. Zw25 effective in HER2-positive cancers[J].
Cancer Discovery, 2019, 9(1): 8.
[30

=

Kiewe P, Thiel E. Ertumaxomab: A trifunctional antibody for
breast cancer treatment[J]. Expert Opin Investig Drugs, 2008,
17(10): 1553-1558.

Morse MA, Gwin WR, 3rd, Mitchell DA. Vaccine therapies for
cancer: Then and now[J]. Target Oncol, 2021, 16(2): 121-152.
Clifton GT, Peace KM, Holmes JP, et al. Initial safety analysis of

[31

—

[32

—

a randomized phase ii trial of nelipepimut-S + GM-CSF and tras-
tuzumab compared to trastuzumab alone to prevent recurrence in
breast cancer patients with HER2 low-expressing tumors[J]. Clin
Immunol, 2019, 201: 48-54.

[33] Miglietta F, Griguolo G, Bottosso M, et al. Evolution of HER2-

—

low expression from primary to recurrent breast cancer[J]. NPJ
Breast Cancer, 2021, 7(1): 137.

[34] Tarantino P, Gandini S, Nicolo E, et al. Evolution of low HER2

[l

expression between early and advanced-stage breast cancer[J].
Eur J Cancer, 2022, 163: 35-43.

[35] Tarantino P, Viale G, Press MF, et al. Esmo expert consensus

[}

statements (ECS) on the definition, diagnosis, and management of
HER2-low breast cancer[J]. Ann Oncol, 2023, 34(8): 645-659.

[36] Fernandez Al, Liu M, Bellizzi A, et al. Examination of low

[}

ERBB2 protein expression in breast cancer tissue[J]. JAMA
Oncol, 2022, 8(4): 1-4.

[37] Schettini F, Chic N, Braso-Maristany F, et al. Clinical,

—

pathological, and PAMS50 gene expression features of HER2-low
breast cancer[J]. NPJ Breast Cancer, 2021, 7(1): 1.
(4RIERRT: %R
{E& Sk -
A =-FUT: AR, BFL
HIMEER- L AR, iAE]: &08THK
M. SOt LF BRI S AR


https://doi.org/10.1158/1535-7163.MCT-17-0749
https://doi.org/10.1200/JCO.2021.39.15_suppl.1023
https://doi.org/10.1158/1535-7163.MCT-14-0881-T
https://doi.org/10.1016/S1470-2045(19)30328-6
https://doi.org/10.1007/s10549-015-3503-3
https://doi.org/10.1080/10717544.2022.2069883
https://doi.org/10.1158/0008-5472.CAN-14-1931
https://doi.org/10.1007/s40265-021-01614-x
https://doi.org/10.3390/ijms241813726
https://doi.org/10.1016/j.canlet.2019.12.037
https://doi.org/10.1200/JCO.2021.39.15_suppl.1038
https://doi.org/10.1038/s41573-019-0028-1
https://doi.org/10.1038/s41573-019-0028-1
https://doi.org/10.1517/13543784.17.10.1553
https://doi.org/10.1007/s11523-020-00788-w
https://doi.org/10.1016/j.clim.2019.02.011
https://doi.org/10.1016/j.clim.2019.02.011
https://doi.org/10.1038/s41523-021-00343-4
https://doi.org/10.1038/s41523-021-00343-4
https://doi.org/10.1016/j.ejca.2021.12.022
https://doi.org/10.1016/j.annonc.2023.05.008
https://doi.org/10.1038/s41523-020-00208-2

	0 引言
	1 HER2低表达乳腺癌定义
	2 HER2低表达乳腺癌治疗进展
	2.1 ADC药物进展
	2.1.1 T-DXd
	2.1.2 SYD985
	2.1.3 RC48-ADC
	2.1.4 ARX-788
	2.1.5 MRG002系列

	2.2 双特异性抗体
	2.3 肿瘤疫苗

	3 HER2表达面临的挑战
	3.1 HER2表达的异质性
	3.2 HER2表达的病理学挑战
	3.3 HER2与激素受体

	4 总结与展望
	参考文献

