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Research progress in the systemic treatment for breast cancer with brain metastasis
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[Abstract] Breast cancer is one of the most common malignancies in women. Brain metastases occur in approximately 10% - 20% of patients with
advanced breast cancer. In recent years, with the rapid progress of systemic treatment, extracranial lesions have been effectively controlled and the
survival time of patients with breast cancer have been prolonged. Thus the possibility of developing brain metastases has been increased. Moreover,
advances in modern diagnostic imaging technology and the routine surveillance of cancer patients have increased the detection rate of brain lesions. Based
on the above two aspects, the breast cancer brain metastases (BCBM) have become increasingly common in the clinical settings. Because many
chemotherapeutic drugs can not penetrate the blood-brain barrier, the patients with brain metastases have less treatment options, worse survival outcomes
and lower quality of life. This article focuses on the recent advances in systemic treatment for BCBM, aiming to provide reference for basic research and
clinical practices of this disease.
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LR Ji 2 L M B R R LR R R L T A A FAR L SR E B AMHEYT  (stereotactic radiosurgery,
JA30% o FUMRE B R AR R, SORT I, 5T SRS) Al 4= M ji % iR J¥ (whole-brain radiotherapy,
AR B 15%~20% > o AR R, FLOBR 9 i R B WBRT); VA7 Wk R h & s, RS r7em
(breast cancer brain metastases, BCBM) [ % /1 Z& Sk QX/%?LE‘E% ?rf‘izd:iﬁ’g%ﬁﬁ KN o3 Al ol X BR A 4

negati

o KA F N E L = B2 IR g (triple ZAd ARG g o R A YT X I A ek A T X
ve breast cancer, TNBC) Ml ANF£ KA RKKEFZ K2 B, O EBCEM, (EANRM BB E, RERIT TR

(human epidermal growth factor receptor 2, HER2) FH M BAEALFIRTT . NARUMBYT . REEIRYT SR BT TE N
FLARIE R . BCBM &A= & R R ALT B ATk AR 58 4 B, FER XS 4 B R TR YT 7R VR YT 259 AT B I VA 2 2
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RIS 5 240 B %) R E AR FH AT i A% b ) 38 v ke 2 O R yT BRI TILMRIE N A, R R 2k
IFERT 7 2P R Z AR A HER2 BRI . A ZLIRE 1 R GEiRTT
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22t 0 U IR D Kk 1 245 W) A i SE 1 i B B (blood-
brain barrier, BBB), L EAR1EZY) 5 9 BBB /MR
HEH L 45 BCBM IR 7 A7 ok 1 Pk as o il i 988 e e
(blood-tumor barrier, BTB) FJB &M BBB Hfy, {HZ)
PSR AR IR BIA BARTT R EE . ILAh, BTB S iitEae K,

B A AR AL 25 Wk BE R TR] L ey 5 IR BBB

BTB Pl I AMHEZR & H il BCBM VA7 7 IR £ fif P (14 m) 31

AR FERGE T — LR G MR R 50iR Y7 29 7E HER2 FH
M. K Z K (hormonal receptor, HR) [H1: . TNBC
3 F BCBM LA b P I FE b Jie , I fag il 1 e 7% 11 Jog
TRIAIT LA RCHUS , DA BCBM iR HIE S %

1 HER2FAEBCBM MZEEATT

HER2 [ a3 40 f b A rh A A5 S 1 PE R, i
T AR WERKON A SR A0 M A TS R A . $E n) HER2 (259
A DL BELIT R R0, e HER2 BHVEFLAR S o A T
Ja , {HE AR HX R 2 R 50 (central nervous system, CNS)
PR H 25 2. H AT EE A HER2 #0725 9 6 55 o v
ik (i) . PUAZ Y HEY) (antibody-drug conjugate,
ADC) Fil i 24 1% 3% B 410 ] 77 (tyrosine kinase inhibitor,
TKD) . K> ¥ 8510l 5 HER2 73 7 MM Be 4545, /Ny
F TKI AT BT HER2 43 g A BE I 155 5 S R AP IR R
F; ADC7EHE 7 HER2 ST A 5L ah b FHH AN B 259
AT 3 — 25 5405 i Jeg 4 i . A7 23001 PRI B 4R R T #E )
HER2 4> FHIH5T . ADC K& TKI 25¥)7F HER2 FH 1 BCBM
ST

1.1 i

11 Wz eRhr wEoE U SR i 2Bk P E R
TG YT 1) BCBM 8 5 1 A V5 1l e v B L Dy
1420, JECRAYT ECTFAR A Eg i, (HRCRAKR
AR fffikﬂﬁﬂ;%%i‘éﬂ’]‘%b'ﬁ"l: A3 S P
RSB 2 580 BBB MG S BRI R,
T2 AR A 730 Y . Park 55 1 (R 5 & BN 2 Bk
HG R S BCBM 45 )5, R ILRE KA sl i
il B ANR AR . HAh, Kodack 28 M (Il R i IF 7% &
B, il ZBR BB RN TKIZE 25 9 h7 A 2 Je 16 Bt il
25 nT LAfSE N ok s BB e SR #E%L%ﬁﬁﬁ\]
FEkERIHENE . T WINCT00543504 K86 ) HE— L AESE 1%
SPIEIARE, R IAE 104 BCBM%%‘EP, 6 I JC it e
7 (progression-free survival, PFS) #Eit 64~ H, Hrp
LI PFS L 12401, BAREA MR AHOCHIA B .
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112 WAZERIAHT  WAZ BRSO A 2 2R P HUR A
F 25y H HT HER2 BH: 06191 2L I g8 19 — Zebn VR 97 T
%8, I CLEOPATRA {5 ™ bR, 5 40fif FH il 22 2
PLk & Z VAR LG, i Z 2R T 2 Bk B G £
Vil T8 A8 75 5% % v FL MR 98 R 19 TP AL PES RLELAE £
0S) ¥ FHIEK . Swain % U9 LB,
AH LG TAE Il 2 2R e, il 2 Bk b e & ih 2 2k gt
W RA MR AR B EERK (150 w1190, P
=0.005), H&AEMiE &N OS A EK B (3444
Hvs 263401, P=0.114) . % T Mt 2 Bk S H0 A 22 2k 5
LIRS BCBM B F R A A7 3k 55, A L — B0
KAr T2t BCBM IVEH]

(overall survival,

1.2 ADC
1.2.1 T-DM1 T-DMI iy i Z 2k BLh RS 40 i 5] DM
SN, o H HT HER2 BH A 0 101 3L s 1) — Zebn iR 97 I
%, MY EMILIA RS 7 WA T 95 Bl Z el iG97 . JOhE
R BCBM 4%, Hih 45 B35 T-DM1YRYT 5 M)
Br &S FIaE R A RIS MM L, T-DM1 B kK
T BCBM ##& 1 0S (26.81H vs 12941, P=0.008) .
b W KAMILLA G5 ' W41 20 B b, 7E SR 4 i e
e FaE 1 126 (] f b, 84 (91 7E T-DMI1 A7 1 1) ik 4
B kb 45 /N, R W] T-DMI ¥ J7 BCBM f1 &L . KATE2 ix{
5 1 WoR, T-DM1BRG BTREBR SRPTA FE P PR T HLAAR 1
PD-L1) FHE Y 55 B 1k FL IR
R F A OR AR AR RS, (FIZ I A I BCBM B #
K27 ¥R AE BCBM PR IR 75 i — 2 0F 9T o Ak,
T-DMI1ECETSHARYT . mBeREBAERYT . SITEHEA
PR 8 2 5B 7 BCBM T U T AU RO 2 SR,
Stumpf 4§ 2 % Bl T-DM1 BX A SRS AT G £ 39 ik S P 38
FEf kA3, (B T s B BB >, R BB KM
A T RS P AR 55 A T-DML B SRS #9722 41k D e fe K
ifi 32 75 1 RN 25 25 B[]

1.2.2 DS-8201 DS-8201 H il Z 2k bt Fdm b S AG il 1
415 deruxtecan 41 i%, . I #}] DESTINY-Breast01 iz % 2/
PR T HAE NG 30y A B . XREA 352 3 T-DMI
14 184 {511 %% R P FL i £ 5 i F DS-8201 3497, H i PFS
k164 A, phSr P H & L2 WAL Y & UL N 2 R
(objective response rate, ORR) 4 60.9%; H:1 24 i BEA:
Fe sz 50IR YT . JCIG G RS AH OGS IR 1 BCBM R,
PFSik 18110 H o (HAHEREME, DS-8201IRY7 5 M) Btk
IS 114 A A 3R AR, FENRY T A R v R M e A IR
1.2.3 SYD985 SYD985 i Hii % Bk B By Al ke 1k 7

(programmed death-ligand 1,
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duocarmycin ZH J , © K153 B & 5 25 b I R
(FDA) PRHEEINE . T HINCT02277717 385 =) 7 4t
PR AN IL g A 146 1) 56 B PR FL I R, o 8 4y
BCBM, %541 78 SYD98S % &A% . #Xifi H ATk %A
SYD985 I 7 fiki 4% F% 1Y AH O K Hls & &, ALt SYD98S 7
BCBM 1 E A 7 i — 2 0F ¢ .

1.3 /N TKL RS

131 fupEe fmEe R EAERKREF 2K
(epidermal growth factor receptor, EGFR) #l HER2 X #!
S/ F TKL, 11 LANDSCAPE i 56 24 R i
JEBRA I B s X BR AT R 4% 2 5 U IR YT i BCBM A 4K
BF5E FZZ 5 CNS 1 ORR 0 65.9%; XN RS fifar . TG
i PR B G 2 i 16 K6 9 HER2 BH P BCBM H 3 FH 7 i
JeB A RE L IERYY . AT LA 8.3 4 H I (i PFS, 5
SERRIEATRONAYY , TR IR 17 H 1 0S., 2018 4R35
E Ifi R IR 2% 45 4F & (American Society of Clinical
Oncology, ASCO) %1 HER2 [ BCBM jA)7 15 Hfi5
W, X TR Z S ORI TG AR L A N A i
YR, RAETONRIT U AR RS, e UG T R
FIRimaEs Je R B iRy P2 Tk %

1.83.2 RIREJE  RIREJE fig g A vl 3 b 410 i HER1
HER2 Fll HER4 3% ¥ . NEfERT-TiH ) Ho# T K ARE:
Je A EAZEE S I Z IR BT A AL R E N e R R
o —SIRTT T B, SR R R ITROHE, (Hk
TR JE B A2 B RE 1 22 Rs /D i S5 R ke . T 1
TBCRC022 i 5 ' it — LUk W] 1 A8 Je 76 HER2 FH 4
BCBM HHI 7L : AL, it 90% iy 35 CNS i &,
TEAR A AZ i A% SZ s P e IR T R & T, CNS Y

F1 BCBM/NGFEREZEY KA XIGRFR

Tab 1 Small-molecule targeted drugs used in BCBM and relevant clinical trails

ORR 733 2}y 49% H133%, A2 PFS 43531y 5.5 > J 1 3.1
A MINALARFZT 27 KB, MRETHNEE, R
R KA R B v S A T A% 1 LM R 1Y PES,
BT TG R e IR 1 FR 3 s

1.3.3 KRR BERERZ X HER2 HAT & B ik
PEPERG AT 33 T, TR A FT ARG RAFZE b4 @ T ARG
(RS E . 14 HER2CLIMB R 86 ) i 5 22 70 1
A i ZER PR B A L, R RS i 2 Bk
PRI B A5 T 0 3 R AP TR BT T IXUBS: o 7 291 5
BCBM &, B KRB R4l 5 B4 1 4F PFS 4331y
24.9% F10, "HALPFS4rih 7.6 ™A MS44 ], AT
HER2CLIMB i3 9450, R JeBA th 2 2k ppi R
BbEARAS T FDAML e HHE, HTIR)7 REA 2T 3 Fh
J U b HER2 #B )47 I 1 e 1) Jo 3 s S S P D) B i A 7%
P HER2 FHMEFLIRIE B, 46 BCBM, IEAh, —Ti1b
Wl > R R R G T-DM1 [FIFE X BCBM A 44,
HR RN 58

1.3.4 LR kg e R IR E A E R )T IS
HER1. HER2 F1HER4 il N Bt /N T TKI, ML B e ik &
R BT H 2 R A R B b YA YY HERD BHYE i B
P 7L M8 1 T 00 8 PR30 B R R, g R e 8K
TREFVH PFS BEIERK (1114 vs 4140 7)) XT3
LRTCM R (B3, M 5 T2 21 5 22 et ) 400 o BRI 2 i
B LLBIEAL (1.2% vs 3.6%) , H 558 & k% 4% By
BHEN I (397.5 d vs 132.0 d) 5 X T IR AT AR RIAIT I
oG % B% BB L T R T 40 G s R 0 R Y R L B T IR
(73.3% vs 87.5%) , 2 Wi % #% ik e i if Al B (168.0 d
vs 127.0 d) o F VHIH T A SO S /Ny 138 1) 259 S A
KB RBIFSE o

Molecular weight/ . i
Drug - Target Published trail Outcome Reference
(g-mol™")
.. EGFR/ . . . .. o
Lapatinib 581.1 HER? LANDSCAPE ORR of CNS was 65.9% in BCBM patients treated with lapatinib plus capecitabine [24]
NEfERT-T  Recurrence rate of symptomatic or progressive CNS disease was 8.3% vs 17.3% in neratinib- [25]
paclitaxel group and trastuzumab-paclitaxel group, respectively
EGFR/ . . .. . . .
. ORR of CNS was 49% and PFS was 5.5 months in lapatinib-naive patients with progressive
Neratinib 557.1 HER2/ TBCRCO022 . . L. L [26]
brain metastases treated with neratinib plus capecitabine
HER4
NALA Overall cumulative incidence of intervention for symptomatic CNS disease was 22.8% vs 127]
29.2% for neratinib-capecitabine and lapatinib-capecitabine, respectively
. PFS was 7.6 vs 5.4 months and PFS at 1 year was 24.9% vs 0 in tucatinib-combination group
Tucatinib 480.5 HER2 HER2CLIMB L : [28]
and placebo-combination group, respectively
EGFR/ . . .
. CNS progression rate was 73.3% vs 87.5%, and time to CNS progression was 168.0 d vs
Pyrotinib 583.1 HER2/  NCT02973737 . L L L . [30]
HER4 127.0 d in pyrotinib-capecitabine group and placebo-capecitabine group, respectively
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Continued Tab
Molecular weight/ . i
Drug - Target Published trail Outcome Reference
(g-mol™)
o PFS was 4.4 months, and intracranial clinical benefit rate was 25% in BCBM patients treated
Abemaciclib 506.6 CDK4/6 NCT02308020 . L [31]
with abemaciclib
X PFS was 8.6 vs 5.6 months, and ORR was 62.6% vs 27.2% in patients treated with
Talazoparib 380.4 PARP1/2 EMBRACA [32]

talazoparib and physician’s choice, respectively

Note: PARP—poly-ADP-ribose polymerase, CDK4/6—cyclin-dependent kinase 4/6.

2 HRFIEBCBM MNZR: AT

W7 IBIRY T o HR BHYEZL e 00 B 2067 B, (HIH
TEN G B v VR FH M NI AE o AR, 4 MR A AR
#6i VL i B 4/6  (cyclin-dependent kinase 4/6, CDK4/6) il
700 4 07 FH A HR BH M LRI IR 97 A A T BRI %72
TR Tk JUL P 3V it/ 2 1 VR B/ L 30 ) H A AR R A AR
(phosphatidylinositol-3-kinase/protein kinase B/mammalian
target of rapamycin, PI3K/Akt/mTOR) & % 1 il 57 th 45
BCBM [k 1 B 21 ik$E,

2.1 WriRiRIT

3 AR T 7E BCBM H I/ g AN W . LA i 5L
HOF N EiiR , 5@ BBB, (HKHE R & A i i g vl
AECL X IR T HRBT,  1T HL. 24 40% 1 i % #% 41 HR
M FRBRE G IR MA—B, HI A5 W57 4 BCBM
Je A ORI

2.2  CDK4/6 1§ 5|

2 50% Y HR PHPEFLARIE (B3 7 N iRy T i 4
HBRTR 25, A 30 ) CDK4/6 BHIT T {5 53 i —Fh g
XiFTi 25 FOIR T A . FE IR i) CDK4/6 il o, B3 i
X BBB 32 5 g 114 2. 1THINCT02308020 18465 Y
WARER R Z4IR)T I BCBM (i, 453 R 23
PG MK B 2594 97 J5 CNS 9 ORR Sl 6%, IIfi BR 3K 25 R
25%, L PFS M 4.4 WF5E Y E£W, ffi F CDK4/6
THRRTATT S, PR R 4 e B PR 1k ST RE Y 2R
FHZ, PI3K/Akt. 45 IR Hippo {5538 #% 14 U
BHAITHIRE 22, X SBHLIR 2 A9 ek 8 1T i 5 CDK4/6 71 i 5
Mif 540G T itk CDKA/6 i F1I6 Y7 1 245 A WL A B 58
A EEX VA A RIS FH 258, WX CDK4/6 il 57 i 24

2.3 PI3K/Akt/mTOR #f] )

HR BHPEFLI 9 52 & H 5 PIBK/Akt/mTOR il F% 1Y
WG AR DG o PIBK/AKY/mTOR 410 il 771 75 4% % M 2L B i vh iy
J7 AT, {H A I BCBM AY I R %3 %5 /> . PI3K/
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mTOR 7] GDC-0084 . Akt #1i51] GDC-0068 # 75 FL Ik
S AN AR AT BCBM /)N B RY R 7R T B Bt e e 1% 42
HAEW M i BBB, F&MCMRE 41 M (7715 3, B Tf
I /NELBCBM fy4: K 53¢

3 =RIEBCBMMZRFTATT

TNBC 2t f, ZUWTAERLM. h Tz alfEH
MFLAL, TNBCIHIY FBOAMR, BUREE. A #iRTT
38R IERYY TNBC R EBIT 5, DUl AR M2y . Bl il
RIS AL MR C 2 o 1) R A A R i

3.1 At

DA Ay Bl () 22 Fi Ak 220697 7 28 € 278 I R U5
AR T ARG Hodr, AR A ARFTIA T . B mERE |
KA AN T PH A X BCBM A &L 7. 14, — 3 1)
I ARG B8 R, ST M A B e i o 7 i e A
BRI R I R (R E A A, — e i ) il T
W H i bR 25 8 & WBRT % BCBM AP AU %, H
¥ e KAEAR I PR IR S

3.2 bl Ak g5

e fy o2 JE R DL A BT ST 10 A5 AR 2 ) A 22 i I A
BCBM BN T ARGF 997 4L, Hu%E ' il T 1 filRE
AT FARAIT B TNBC |, e 32 s e B &
PSr RN S-1 N ERTT e, MmN AR o 22 . DR
BT A R LA B DR BT IR A MR FE I 1 R0 U 7
IS ARG o7 rp e B TSR B IR 6 4, CNS
i) ORR 435114 63% F177%.

3.3 B

3.3.1 PARPHMHIF SRR BB R GHE (poly-
ADP-ribose polymerase, PARP) i #il5 GEFH 5 DNA Ffik
e E, 7EFL R S & EE A 172 (breast cancer
susceptibility gene 1/2, BRCAI/2) 575 W) i Ja 7 34 i
% o PARP 57 Bz A A9 11 R 5E OlympiAD A A ZH
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i 5% %% (0 H & o T EMBRACA BF 5% B AL % 63 1Al
BCBM {4, 45 B/ 5EMERMIRYT (R M.
WHAAR, P SR B I R ZGIRYT) AL, PARP
0 ] 590t w1 2 4 H 7 PFS B 3 E K (8.6 1 H ws
561 H, HR=0.54), ORRE®E (62.6% vs 27.2%) . it
Gb, AMbBIMENAJE IR YT BT ARAS Y PFS 32 25 78 Tl S48 1 1 45
AT BRI B, AR N A0 s R
3.3.2 ANGI1005 ANGI1005 f 3 4~ A2 B4+ F i L 1)
JIK angiopep-2 AL, W1 UK N 8 F 2 AR FH 2%
A SRR % E BBB. — 5 BT ) A
7252 KM BCBM i, 45 RE W] ANG1005 GE AT 20
FERIMN S AL, B A AR, AR AR, U
X B B B B FR R T AL 3 -

3.3.3 Etirinotecan pegol Etirinotecan pegol (EP) 43
LB S R AR, R — R SR T A T T
s, T BEACON IUE: ) ¥4l T EPIRIT H M 3L
fif g B RO, & B EP 4l 7 OS SRR IRk 5 13697 (X
HAbk, PHbICRe . 3 Pafhie . KREmESELE) &
K, Z2RL8i%E X (12440 vs 103407, P=
0.084) , {H7EMG% % W alrh, EP i OS & ik K
(10.01H vs 4.8 H, P<0.01) ™,

3.4 R SR 5

G P28 RG240 300 A A /) 200 A i 98 R € 2088 v
B AR UG T AR AL S fE4H A PD-L1/R M gE
T-Z1K 1 (programmed death 1, PD-1) FUIKIGIT 5 1E
TNBC /i IMpassion130 I 3 IIfs R iR 46 & o, A4
902 4% B, b ol A M #s , BEHLLS T B4 2k bt/
RTINS R OIS G S 2R 45 R BR 5254
W, Bldrek B br gl PD-L1 BHME B H 1 OS K T 74~ H
(25.01H vs 18.041H ), {HPD-L1 VM B FH LT A
ks (19740 H vs 19.6 4 H ) o B4R ER SPTE A iE
BCBM [ # 3k 15, 1 AUAT B P RHE AR UESE . Ak,
— 00 TAR6 5 % B4 it 0 2R BT A BT 25 e tho 7 e
I TNBC H S T B 19754

4 BCBMMEEBATT

H R R 38367 528 & BCBMIAYT B3 A7 o ifap s )
WIRYT 5 RGBT AT A LR G TSR — A i o g DR i)
B, JRFBIAYT T LARE IR BBB, AT 14 i 24 4 7E fivi 41 21
AV RE, S LF MU . Niwinska 55 5% BURTF5Y
W, eIy R I 2GR )T il i35 48 K BCBM 2R
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17301, 2018 4F ASCO %& 1ii () HER2 PH 1 BCBM 67 5 1
W, XFRIWIEIT IR BCBM, nEREs Tif
it BBB 25 W AT R YT . A, RIS F HER2
B[R] A7 AN SRS UL RE 8% 48 2 Jmy i i 2, HUN DG 1T g
B E R BN, 7 Sk A AR b i R A R
N AT RGUIRYT . RN AR IS T R N R
JERYJREIATT s X TG R R A B, AT AT
SRR IEIT REAR TN, G2 A RS T R GEIR T 4R .
X FIRYT IR AR AR AR E L R R SR
A R B RGBT RS, IR R R IA YT T
B2, BCBMIAYT ik MY B ANA 7 T 1) 8 2 LA
b, W5 s B Ak B f SMs kB ARAE | BB SRR R
10 DA S SR 232 i AR T SR R R AT &

5 BCBMBMHIE

BCBM & TG 5 2 Fh N2 A G Wm0 TS 3F
fhiBe US4 2 R iaIT MR GIRIT A Jm, JF AT i i
P I PR 36 0 58 AZH AR 9 T.H . Breast-GPA  (breast-
graded prognostic assessment) J& H A B 8 2 W)
BCBM filJ5 P4+ 24, & R KEHlit (Kanofsky
performance score, KPS). 43T/ BIRIAF#RE 3ANEEK Y5
PEA AR, TS i . Subbiah ZF ! X breast-GPA #E17
TR, A TS E X —ZmEER, AT
T NAER . Griguolo 55 1) 4 A 668 {51 i 24 (¥ [ i 14 4
BT TR B 7 i B A K0 E X B0 0 SN . AR 7
R TR 53 1 43 F 43 LR 52 W R 97 28 B ANl J5 A 1 2
HE, EL¥REEMRE S BMRLIRTRELR T, W
XFANTA 4343 % BCBM JF JEHTHE PR IG PRAF 5T, LU S i
HREBET LA INIRIT IR, ERAF,

6 5

Wl & 5% 7% PE R 12 WK I AR T, BCBM Y
RAEBOR A W, AR FLIR R R GIR T AN W GE 1Y
[, G B kb IR Y7 MG BN W IR IE . IO AR 8 i 5 7%
KL fif 2 E AR AE L T B RS %2, i BCBM &
HHE A R RIT MARIRIT T % 2RI . N
Iy IR S AL BEIGYT X BCBM B — & RUR, — L5
RIZGY B an ADC . $t HER2 /N5 TKI, CDKA4/6 451 |
PARP 1 il 51 Rl 628 465 25 3 400 70) 5 . 2 > BCBM BB 5 4
RERMEFKS . BT, ST BCBM 24 R 5
IEFESE TR, KA IBE A BCBM BB 7 BT A A 2.

MR AR (B , 2021, 41(5) @
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