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cancer. Triple-negative breast cancer (TNBC) has an earlier occurrence and high incidence of brain metastasis with its associated poor
prognosis and limited treatment options due to the presence of the blood-brain barrier and lack of targeted drugs. Local treatment,
including surgery and radiation therapy, are still the main therapy for brain metastasis. Surgical resection can not only relieve
neurologic impairment of brain metastasis patients, but also can clarify the pathological type. Moreover, surgical resection combined
with radiotherapy can improve the prognosis of brain metastasis patients compared to surgery or radiotherapy alone. By now, whole-
brain radiation therapy (WBRT) is still considered the gold standard for multiple brain metastases, and meningeal metastases, but it
will lead to neurocognitive decline, so hippocampal avoidance is essential. For selected patients with oligometastases, stereotactic
radiotherapy has replaced WBRT to reduce cognitive toxicity. However, local treatment of TNBC brain metastasis cannot control the
progress of brain metastasis and has significant side effects, so systemic therapy is needed. Chemotherapy drugs such as capecitabine
and cisplatin can penetrate the blood—brain barrier, but their efficacy is limited. Therefore, the research and development of new
targeted drugs and the exploration of new targets are necessary for TNBC brain metastasis. Research has found that patients carrying
germline BRCA1/2 mutations have a higher risk of brain metastasis. Currently, the poly adenosine diphosphate ribose polymerase
(PARP) inhibitor demonstrated antitumor activity in patients with advanced breast cancer and a germline BRCA1/2 mutation, and
it can penetrate the blood-brain barrier. The phase Il trial EMBRACA reported that the PARP inhibitor talazoparib can prolong
the progression-free survival of TNBC patients with brain metastasis. In addition, antibody drug conjugates (ADCs) trastuzumab
deruxtecan (T-DXd) can also penetrate the blood-brain barrier. Studies such as DEBBRAH have shown that T-DXd has significant
therapeutic effects in HER2 positive brain metastasis patients, while research on HER2 low expression patients has not yet reached
the endpoint, and its role in TNBC brain metastasis is worth looking forward to. Sacituzumab govitecan (SG) is also an ADC
composed of an antibody targeting the human trophoblast cell-surface antigen 2. The phase Il ASCENT study showed that in the full
population (including 61 patients with brain metastasis), SG could significantly prolong the progression-free survival of advanced
TNBC patients compared to the patients who received chemotherapy. ANG1005, a novel taxane derivative, can cross the blood—brain
barrier as well. A multicenter, open-label phase Il study revealed that ANG1005 could prolong overall survival of patients with brain
metastasis. In addition, phosphoinositide3-kinase, (PI3K)/protein kinase (AKT)/mammalian target of rapamycin (mTOR) pathway
inhibitors, fatty acid synthase inhibitors, and the drugs with new delivery systems have become potential treatment options for TNBC
brain metastasis patients. Although the Impassion 130 reported that no benefit trend for immunotherapy in TNBC brain metastasis,
basic research has shown that radiotherapy combined with immunotherapy has a synergistic effect. Currently, multiple clinical trials
(NCT03483012, NCT03449238, etc.) are exploring the efficacy of radiotherapy combined with immunotherapy in brain metastasis,
and the results are promising. This article reviewed the research progress of TNBC brain metastasis treatment.
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HNBEF-A I 5 106 7 7% 55 b B Rk % i AR
R R G AEIR, L AEIE s BE 224G A DA
Jifrgea f o LA 2R LR A L S 1 R YT
ik, A SR B, TR EITA
IR 697 (whole brain radiotherapy, WBRT )
5B WBRTIRYT LR ke #e e E T L, 232 T
ARG IO ) £ TR SR ARG R A 2 14 XU AR A1
(20% vs 52%, P<<0.02) , "FHIOSH K (40JH
vs 15/, P<<0.01) . D’Andrea®s "' %7145
FARIGIT BIIFE RS B E AT IR oY . 55 0
N, RIGICHEIEEAL, 73.23%00 B 2K 2%
T EHGEE (P<0.001) , HAZIPROSE I
OSHI2f%. WAL, GoldbergZs ''S' xf140f ( Horp
FLIRIEIG A% 5 15% ) RATKPS<704r H#E%ZF
ARIBTT I NG B S P o o, R AL
OSH5.61H, 20%M B EH AR JFKPSTForA ik ek
3% (20 vs 40120, P=0.048) , HAJGHBHIT
A DL K R R I OS (P=0.001) . 1%
LSRRI, FARIGIT T LASCGE I 5 B3 )
REIRAS, RS AMEKPS 3 B IVA T e

XFF R B, T ARIRYT R A
1), RIGTHEABINATT ASGE B E SO
1.2 585

JICTT TR AR 2 L 9 o 7 % sy 92 97 ) T 2
FBt. WBRTRINFER A BRI ik, LR
TN 2 & RS . TRIB RN GRS . I
By, TTWBRTH B FE KB E YOS, 17
WBRTIN 75 5 B S [l fg4 11O 0 i FWBRT
S SBONMBE S T, I T4 BRECH I
MR, STAKE WS ANEHE ST (stereotactic
radiosurgery, SRS) JyAfEIFIHE—LIRE .

NCCTG N107C/CEC3#5¢ 7! ke T fiis
ARG 17 SRSHIWBRTIA T 1 &5 Fl 28 4
iR NN, H5HZWBRTH R ZEMIL, SRS
HICAFEAOSE K [3.71H vs 3.0 H,
XS He (hazard ratio, HR) =0.47, 95% CI:
0.35~0.63, P<0.001] . 64 A B IAHEAL
KA A B EK TWBRTA (52% vs 85%, P
<0.01) , HW4LBHEFAI0S2ER LG F

X AHIZBFSE IR X TNBCHR R A\ RETT R,
SRSX TNBCHR #7814 85 M 75— 2D Bk .

— A 6851 (R <54 ) RH
SRSTAYT TNBCI % # ( 2 Hhu IS |1 5 5
R, 52 SRSIATT I TNBCHK RS B # 14E0S%K
F43%, 24E0SHE HK20%, AN, T6%HINEAE
NIRRT R, SRSKFZA G K TNBC K
R LRI HAT R AT RIS BN 2 4
N AL A S AU B i e b SR A S

TNBCH 5 B AR i i e wm 22 17 .
X} F A BRE H B 7% 1) BB R A B AE SRS 3
il E NS WBRTECA V6T ? Medikonda%s Lol g
8 5151 L Ji% 96 ki 7t % 1) RBU A R AT T e BA 3] 4 BT
5T, R ER, AAREETTNBC H25%,
Hrh52%0 f 8 52 T WBRT, 1E3%Z WBRTH
G, 2% EEZ TSRS, 64%M B E %
TFARIBIY, Cox Hul AU [ F AR A 341 B 7
WBRTX TNBC 4 OSTC i 520, Al WX} T
R H I TNBC, T8 REBIAYT I ELaE
A WBRTIHARE M 5 L H ) 0S

52 TNBCIN %% i ia I7 i 8 8 1 7 0S
B, PITE i PR il i a1, E il L
EEYNGTT . ILAN, IR B H LA
ookt bR, DRI A A B B A7 4 B R T T
Fi NI ek R 24 R A 48 2R BRI A RS RTEE I
BEMOSHAEEE X,

2 £5i&FF
2.1 ALy

1S 7 R TNBCH EE 497 F-B, Gao%s '
XF277H TNBC I # #7145 R Eos,
HeszAST 0 A AR B 2 AT 19 RS TR 6 O S HE
K6.61H (9.0 H vs 2410 H ) o Hil1 T ik
FrBERILEAE, W] T TNBCHN R A7 25
A BRTIACK AT 5 A B B A Ak T 2 G R
Fifthiss . B2 (HHTTRCE IR
2,11 R¥bE

R AR O RSB ZEY, xE &
HAR =] 20 M bE e, o] LU A 0T
5 R VAT IR I 4EERATT 7 . GouveiaZs 10 [i]
JSE 14 53 AT T 20945 LR AR ki 7 7% B B B R BiT?
Jei o R RS L B2 AT YRR, HO TNBC Y
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26.4%, WiBEVI6NH, 48R BN, TNBCHNF:
B2 REZMZEH 3 (objective response
rate, ORR ) 3 HA /WA, (HTNBCHK .
34 A B 1 SR A B A S ARG,
TeiEEAAFH ( progression-free survival, PFS)
X HR3.040H, 0SS K450 H o sk, A
F2 2 B, TNBCWGHE R R J At e A i
7 SR s PR AR, AH S5 %2 0T H AR LR
B OIARNYGE . BARME, Rz
FHTFTNBCI B AERHRYT , (HITRCA PR
2.1.2 JiiigA

A0S 2 BoR, EAEE A T TG AT
TNBCHGiH:F2, Hf# 2 RGEORRN66.6%,
HFAIPFS 7.4 H (95% CI: 2.4~12.3) , {H
ZWFFETNBC I AL 65 . — T4 A 113413,
Ji g I % B (LR TNBCIN R A 1561 )
(g I BE LW BT 5T 2 ¥R & T WBRTRHIA7 I
B+ FE IR + DUARER BB 4 B ¥R 7 4 HANAT
WBRTH i S MEPFS. 455 7%, WBRTH
TR 2H % 2. i W B RT 40 8 3 1 v o7 oG A S5 ke
PFSBFHIEK (8.1 H vs 6.5, HR=0.71;
95% CI: 0.44~1.13, P=0.15; BEMEATHE X
0<0.20) , HWBRTHITTIT L it = 1
PFSRI B & (48.7% vs 26.3%, P=0.03) ,
PRI I 5 LT R 3R 56T 7 58 AT DA SE K TNBC i %
BEBHEIIPES, &5 Jridashil % .
2.1.3  fiR R

P fERE (utidelone ) f&—FiF RIIRI 7 R
Ky mS 25y, RAE-PHEEAIEY, XEE
i R (Food and Drug Administration,
FDA ) C &t R 5 F 2L i i % B8 1
B TE20244F L E IR M % 2s ( American
Society of Clinical Oncology, ASCO) & |-,
— WA TERE K G DURER BTy THER2 FIPERL
HAE G B BORTFSE. (NCT05357417 ) 2 s,
X TTNBCHN 4%, Tk i 2 REGEORRHNS55%,
HIPFSIk8.41 H o WFFEUFSE, LR FERE X ik i
Bkt HAT R0 s &1, A TNBCHR G 8 /&
FHRAE T BRI TR
2.1.4  HERAKIEEE (etirinotecan pegol, EP )

EP Y 4 NKTR-102, J&—Flg 5 K2 i

DNAHi M A T 061 F LR G259,
AT 5 B2 B AL M A # HD S A B T 9 ] 7
SN-38 " I RATHESE 1 s, EPA AR
SEARE BT DL S TNBC G RS AR (1 OS %, 7
M BEACONBESE 1 v, 55 B i gk % 1Ly
( treatment of physician’s choice, TPC) #Ht,
E P ZH 7L M 968 i % 7% 8 3 00 B0 T U I 3 B AR
(HR=0.51, P<0.01) , {70844 410.0
484 H , Teie g v A 54 k25, Horp
TNBCW A3k g5 e W . (6.7~ vs 3.84~H, HR
=0.27) . {HATTAIN M#A#F5E "7 Wox, E5
g Wi R e R, EPZH I TPCHA A {7 PES
EZREGIHHEL (3.9MH vs 3340 H, P=
0.07) , HOSWAHLE (7.810H vs 7.51H, P
=0.60) . HRETEPTETNBCHKN E RS i A7 301 A
RIEA—B, HArFLI I B G B vh o P I 75 23k
— A IFIEIESE
22 ¥ewisd

HFER. PR, HER2ZETNBCZE ik ¥ R ]
M, B AT X PTHER2VATT RO A5 . Bl
BN i IRA% ISR A1 [ poly(ADP-ribose)
polymerase, PARP | 50 . Hiif-25 411K
( antibody-drug conjugate, ADC ) S5 [H] 2454
MR, A TNBCHN SRS B R TR E,
2.2.1 PARPHIHIFI

HWFgE Y R, A BRCAKLH 2848 1) i %
A GRS S, I RS R E BRCAZRAZ L
B IR o PARPH il 570 EL A 3 3 i A 57 s 11 £
e, AR —Sedg R 1 Y O A R
ZRBRCAZZE Z Mg i R e BEPEPARPHD il 36
J7, BRTWEA PSS AR AT BRCAREH 58748
FLIR I I 7% £ 5 T IR T EL

HEFIMAJE (veliparib ) J&—Fh ] DLAE 18 1 Ak
J3 B (1) AR PARPHI I 7] . 7F— Tl veliparibBk &
WBRTIGT FLIR I M 55 7 1 1 RIS 0 v,
YA 25F1 B E, 6T HMOSHER61% (95%
Cl: 39%~78%) , FiiNORRN41% ., —HiJiit
M A Inveliparibif¥7 & & sl #HE TNBC A
(8% ) BRCAZEZAE HARA SO PEAT I 4 i 5%
(NCT02595905 ) IEFETTE, S55EARE.

Y JemnAl (iniparib ) & —Fp ] LIE LT i
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i 5% B A PARPA | 7] . — 315G Finiparibik &
S FRIRYT TNBCH 7% B A st A ek 2 v
Oy T RIS Y @R, iniparibBk 4 s
B R AR Sz, AP kY RN R
12%, IfGPRIRZE R M27%; FaMG ki 52 B 5
5%, ImRIREEF A 1%, ZWFFEIE L inipariblX &
TS BT R AENS [ TNBCIN 4% H 5 3k 25
fbFrmEIA JE ( talazoparib ) J&#—1CAYPARP
PdIFR, AR A AE AL BH G . Talazoparib
T IEZRBRCA1/228 2 HER2 B4 i 301 L AR 8 o
M EMBRACAIGRBFSE 2 R, 5TPCAIAH
e, talazoparibn] i & A% B HUPFSFIORR ; F
Wt , MR WA P PFSH Rk ts B 2@ T
i’ % (HR=0.32 vs HR=0.58) . {HAHF
FEEAT A TN B A PTA
2.2.2 ADCZ4)

185 22k AT (trastuzumab deruxtecan,
T-DXd ) 2—FHi R ADCZS ), HA H 5 1 5
BN, RS RPN, e SRR
PAE X 25, HIA8 - 1 hiikt, &4
PO 24 307 259 1 . DESTINY-
BreastO 1l #% % 7 41 7> Hr ***' . DESTINY-
Breast03#5% "' Ll X DEBBRAHMFZE *¢ JIF5L,
T-DXA7EIGITHER2BHME R 2836 . Fa e PTG o
P 7L B8 i 7 B R 3 4 s PR, EHER2AIE
IR B Th RO H AT AR IR B A X Seht
LN, T-DXdR] LA 12 10 5 e i o o
YE47F 4455 . DESTINY-Breast04#F5¢ ¥ yEs:, 1
HER2MLE B FE R M FLIE B E T, TR EZ
RS fr, T-DXdAH M HAIPFS (9.9 H vs 5.1
4H, HR=0.50, P<<0.001) F10S (23.41MH
vs 16.81 1, HR=0.64, P=0.001) ¥ REKT
TPCHL, Mg 636 (11.3% ) HHE AHTNBC,
g, WK F45%~55%HER2 B
NI AHER2IEFE K, HH15.7%~53.6% K
TNBC "' UL T-DXdAEH A TNBCH 4R 42 {1k
TR BT KA A T HIE

KU ZERHPr (sacituzumab govitecan,
SG) tiE—FADCZy Yy, A A% 5% 40 i
FRMPLF-2 (Trop-2 ) BYPUMARE i v] 7K i 10 %
P F S5 DNAH N R B T 900 5 SN-3 8 Bk 41

WP SGHITH R ETNBCH) I ASCENTIf
PRBFFE ) d AL T 6 1R E L R I R, 7E
SERNHET (FEEORERER R EE ) , 53
LT AL, SGRFEIER T B HMPFS (4.84
H vs 1.71H, HR=0.43, 95% CI: 0.35~0.54,
P<0.001) , OSEX MAMLEK T4.949
(11.810H vs 6.9 H, HR=0.51, 95% CI:
0.41~0.62) . Ak, IR A7 SGHA WBRTIA
J7 1 BRCAZRAS AT ShPE NG 5% £ U TNBC Y B D)
i R SGBCA U A T REIR S
104~ H IPFS, %45 3 NI IRIAYT TNBCI 4% %
ROl tAh, SHR-A1921L2EN A FE
W& BEE XS Trop-2 MHT IR Y, HERE DR ER
FAHTETNBCIN R AT REE . R . s T
BIEARIRES (NCT06210438 ) IEAEHEF T,
2.2.3 ANG1005

ANG1005/&—F g i IR-SEAZRE L5,
34~ Hangiopep-2 L4 45 & 1 A2 BE 7 AL AL,
A3 2 B B, 9 R A %% R B AR A2 A
KEEE RGN . —WikT
ANG10057477 FLIRIE I FE A% 1) T30 R Fse
A 200, Hd26%m 8 E NTNBC, #f
SERIN, ZANGL005RYT 1Y 7L gea ki 5 7% 28 3
Fist PRI P A M I DR 3R 25 2385300 R 77 % F86 %, Fl.
38 ki 5 A% £ 1 PN R RORRM 15%, il N
I PR35 25 2 68%., 7ETNBCH R4 SR 7 3%
PEMFRUE ( Response Evaluation Criteria in Solid
Tumors, RECIST) 1.1MPHEAY13GIEH T, H
VEIR B o G2, SHIEWRRE . ZMRE S
WESEANG 005X 5 N R kA R A EH, R
TNBCHAH 7 25 W1R T T 32 T B ik
2.2.4  PI3K/Akt/mTORTE 5 4% 38 41 i 571

Wi s WE L3 -3 B ( phosphoinositide3-
kinase, PI3K ) /Z5 14 /##B ( protein kinase,
AKT) /MiFLsh ¥ EnE R EH ( mammalian
target of rapamycin, mTOR ) {5 54 S8 KA
43%~T0%FL AR I i 7% 3 h AR A B2, PIBK
GO A B MUE T TR, %G TS
T [ R YOS T DL 2 b e A L R 2R A L 3 B R
I8 A LA, A LR i i A B8 VR T VB TE R
MR GDC-0068 1P R R e IZ AKT
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I, RAMNIFSE R 5 PIK3 CA R A= R4 i
RA L, FEPIK3CAZE AR 1) ZL B 98 i % 7% 4 i
., GDC-0068 LA 5 AR i 1 7 =GR A% 4 g
W0, A A T E S IR R AKT
JEYIAIRT 31 B 40 X 10 Ap70 S6T8 i 1) #
MR At o 1EPIK3 CAZEAE 1 3L M g 10 2 e D o7 5
Fh R A /N BB R, GDC-0068 5 1A S Bt
TSR, AR AR I PR v i i P A R A DG I IR
RIS VEFT I, GDC-0084 * JEPI3K/mTOR
SUEE J R, ELA I B B s, H AT AH R
I R 32 56 = B AE HER 2 P i 44 4% 6 5 T R
(NCT03765983 ) , HAETNBCHNF:#h HA W
FERFFEANEL

2.2.5 JIRIFFR & ( fatty acid synthase, FASN )
55

ATRE 1 BRI R 1 LR 4T AR B T
A AN A A B e X g D 7 A1) 5 2K i 2 1
W, SR MEFUREIEAA L, R L e
FASNZ AW &, I FASNAENE A %50 b 4 i 2L
Jo 20 M TE N AR K . FASNI AR50 AT AR L
TR M L R BT LEIA Y P3G . TVB-2640 140 Jt—
FhEFEPEFASNAD R, H5 DAk btk & H]
TEIE AR i TG R 2 R WoR, 2%
FJORRIES6%, H A TE 2GR I1T%, Th%
f#2%39%, 67 APFSZE M31.4%., FASNIHIFITLE
FL R I B e B v I R I B AR — AR
2.3 SRAEE EH F (immune checkpoint
inhibitor, ICI)

— PRI LR, A %) 1 S T I A A L 4
M, R TR RGBT, RN A E IR
ST AT AR T, BRI R RNA
Frep, U HE SR 2R A /N i A e A%
ICHCR B Y L AT 7 L BL53% M FL I
ki 7% 35 AR PP SET T AAR-1 ( programmed
death ligand-1, PD-L1) , JHH54FHRxK
K, PEIRTCHE LRI I e 78 b A W e i iR T AR
o BETREERITEG 7 vl (1 R s i s e %
PETNBCH: #4525, FUTURE-C-Plustfs i & H.
A7 g B B AR A B 22 3k, VAL T 7RI
PEP TR TNBC il KB JE (famitinib ) Bk
A REAMEREAPT (camrelizumab ) K 5 4845

BHRVERI BT RO e, SR A T e
SER B P 2 RGN B . SRR,
7 SR T M e e R T AL TNBCYT AR 3
AR . BdkImpassion 1308F57 1 2
INREIRIT TETNBCINF B h o3k 25 e #, (1
FRLBEST 0 BN T B G EE VA T B IR
YERT, AT LAk 20> b Jeg 42 il 4 05 400 1) 4 i ) 5
A5, TR0 AT A T bR L 20 A D R A e s B g
AEE . AL, BT HCA IR T AT T 4 M
BEMETIbR L 20 6 7™ 2 i TR AT DR >k 00 6 e v
T 500 1 A0 T . B AT 22 BIG IR
(NCTO03483012, NCT03449238%F ) IEAERRIL
7 5 RPEIRIT IR FLIRE I AL TR A ROR , IREE
Z A7 RICTS Ty B A A 1) 245 W36 7 L W o ki
R Im RIS R R
2.4 HAbde s BEIT ok

AR B, SR FURME A, 4
A RN-H A E2C (KMT2C ) 7R b
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