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[ Abstract ] Triple-negative breast cancer (TNBC) is a special type of breast cancer, accounting for 15%-20%

of all diagnosed breast cancer cases. Its estrogen receptor (ER), progesterone receptor (PR), human epidermal growth

factor receptor-2 (HER-2) expression is negative, with unique biological characteristics, clinicopathological features

and tumor heterogeneity. Its clinical features include high incidence of relapse, early metastasis and poor prognosis.

Currently, it lacks effective treatment. This review described the clinicopathological features of TNBC, its molecular

subtypes, several important pathways and targets, as well as presented the progress in clinical studies of targeted drugs

in the hope of generating new ideas for the treatment of TNBC in the future.
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Tab.1 Nomenclature and classification of TNBC

Molecular subclass Percentage/%

Signaling profiles

Targeted molecular pCR/%

Proliferation drivers: Cell cycle, cell division, and

PARP 1, TTK, PLK]1,

BL1 21 DNA replication CHEK1, AURKA/B and 52
and responses RADS1
Growth factor and metabolic signaling with myo- EGFR, MET, EPHA2 and
BL2 8 e 0
epithelial markers mTOR
Hormonal-mediated signaling androgen receptor AR, Hsp90, PI3K and
LAR 1 10
FGFR4
™M 23 Immune-mediated signaling Igﬁl/%l/gz’é‘%y ;n?ggll;sf(ﬁ 30
M 20 EMT and differentiation SRCﬁgg}l:(}in;Eggéchl}flR’ 31
Modulator of epithelial mesenchymal transition
. . . SRC, PI3K, MEK1/2,
MSL 100 fyior and anglogenesls medied ienaling (low ™ TOR: PDGFR, NFKPL 1G- 23
levels of proliferation drivers) FIR, FGFR and TGFBRIL
PARP 1, TTK, PLK1,
UNS 17 DNA damage responses and cell proliferation CHEK1, AURKA/B and 33

RADS51

3 TNBCHXHIESEERE. aRIMEIF
3.1 BAZ BRI B % AR (receptor tyrosine kinases,
R TKs)15 5 18 %

RTK s /2 24 A7 51 38 2 b AN ] /D g 2
WS SY . AE A 43 WA 55 03 WA A ELAE 5 A2 i ol
HELEEMAEMN, RTKsZ 541 fig 14 58 Fl 4y
b, VAR AR AR, f2 A it B A7 s
T
3.1.1  F A K732 14K (epidermal growth fac-
tor receptor, EGFR) Az 41|51

EGFRZE—FIEE M, BIETNBCHIHHKIL
W= TNTNBC, J34b, W5t kB, EGFR
FUhIE RO BGFE | =2 2B RN A BB VTR OG,
i B SRR AE SRR BN TNBCH L 8 W, Sl
PRBUR B B GRE . — L4 X EGFRINZY
Yo &TElmIR BRI, AdE R sE RS UAR (P 2
BAATFNEJE BT ) AN - S ) ) G AR
JEFIRE ). SR, JE BT T —L201 20 1

R, XECWAENG IR L AR A A BR . A5
% BLVE Z-E BT IR Y Y TNBCHI & I /NI
AR ER, #FE— PR R IAKT IR A4
KT 2Z{&3(human epidermal growth factor re-
ceptor-3, HER-3){53 % H1 T 171 S Wi g s
PP AT 2 070 RSk, 78 % H B
A A0I7 25 ) FIPARPA ] 7 (poly-ADP ribose
polymerase inhibitors, PARPi)] PA5¢ 2 ARERFLAR
TN, WE2002 KREAER S, IEWR
By 2y, BEEIRIT A RE SRS B 1Y 45
HLEGFRIGYT IR A K
3.1.2 I N A K K 3Z 4 (vascular endothe-
lial growth factor receptor, VEGFR) Al 5]
VEGFAEZLRE ) 328 I i 5 T 1IE 5 A L
HRZAZ . VEGF YRR PR ) DL AR oo D K
5 i /AT A A K R T (platelet-derived growth
factor, PDGF) Myt [ 1 il 77 &7 Je & Je ¥ A 78
TNBCH M RITE . EHREF R e, B
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R ILE RS I8 2 VEGFE 538 S0 ] 18 A= 1,
MM/ NTNBC R ES A IR AR . DLk e
Je VEGFRYRR AR, MU AR 52
B, DUARTR BT & A2 AT nT AR R
B A B E B Tk B AR A7 0 (progression free
survival, PFS)(PFSM5.91 HH&E5I11.84H) K
I G, X S AE % (overall survival,
OS)BEA I 7100 o 15— S Y R A S Y
CALGB 4060335 (NCT00861705), H:FHH I
ARG E AL T A R R E g 1 . T
TNBCIi RZESFAR(59% vs 48%), (HIbATEHE
TXPFSHIOSA
3.2 1455 RFNEZ G (mitogen—activated
protein kinase, MAPK)/ %4 it SMME 5 R s
(extracellular signal—regulated kinase, ERK)13 %
i# 9

M AP K A5 5l B ] 42 45 i 98 185 58 0 A=
7, AR EMEATNBCH &4 KES
BSOS, GRS Y I B O T R =
P L g8 A0 M AR A5 1 B R A5 e b IR T Y RE
Syt BARIIIESE, 2L
2k 1/2(mitogen-activated protein kinase ki-
nasel/2, MEKI1/2)F1ERK2/ZPFSFIOSH) Gk
L MEK /24 78 48 S T I A
B B BTG, 3K P MEK /241 ]
FUAE KT MAPK Y[Rl RHEHE T RTK {55 il 3 o
AN, —LETNBCAN i HAT RN T L 3-89
fitf(phosphoinositide 3-kinase, PI3K)FIMEKXLiEL
TEIE I, T LAbs 20T ] Fsf T 7P 368 g 1 4 ol 55 A7
A T REN IR A0 . GSK 112021211 RIS 1F
FEIR UEMEKIR A HC A 3 5 300 0500 S Ak o7 259
HIRITTNBC,
3.3 BRERUEF3— 8B/ AKT /" SL3h 4 ¥einF 1A
% % (phosphoinositide 3—kinase/AKT/mammalian
target of rapamycin, PI3K/AKT/mTOR) 135
i 7

PI3K/AKT/mTOR{F 53l 42 il 5 i oA Friy 444
i AR AfE iz, JF HAIMAPKAE 5
A EE S ASW T . AKTAE N A BE
TR ECHEBERMER], SR, mTORNTER
S AR AR A AN A K A R Y

THEM . 2960% ) TNBCH & il LI FIPI3KAF
5T A RO o — TN S B T B I PR e
UESE, i FHPI3K/AKT/mTORSF 38 417 il 77 1k
GALTT AT LMR KRR B I SRR METNBC I 3 1Y
PFS(E£2) " . PI3KHEAMHI I TNBC X PARPHIH]
FISE R, SREIAT DL PI3K AN 55 HIPARPA]
HIFBEA R
3.4 DNAH B AALHI A8 X A2 5 8%

% 210 it S 351 DN A S 451493 (A F 52 4
RS — D — BB B 250\ IEAE AR ST A
DU DN A5 15 AH 5 5 T T 248 i ) 300 4G 00 et 8 it
(checkpoint kinase, CHK)FJ#HI5], +Hi4ufit
JE 5 R R T B A0 R R, B DNAMR
P, BURAMIZET o 2 At S0 455 i 2 e g 240 i
AEAE I — S ELAHLE] R R AT DL 45 40 i
SR A ] L A0 M B B IDNA, I, 7E
0L F ZhDNAME SR Bk R 8 AR 56 42 ]
DA S 40 0 3 T i I S o A LR S SR
LN BRCAKE N 58732 m it 2 1 Ffr e sl 4 e kv 22
% (ADP-EZ ) 3R 5 it (PARPs) I ] 71) FU AR AURK
HALH F2 02 “GREA” M. FriE “E
HAE” BN TR R Y BRCAFEIK FIPARPIH] B
ZRHIRE, Ao RMBAFET, sk
LA DX 20 B B A A TSR . BRCAJE A
e N SRR eSS E R STRCSH & B
{£&(hormone receptor, HR)ZZ#t, WAMHKHHT 5
PARP 1 1) [7] 5 A s e 2] sl i 6 1) e 8% 18 52
DNA$if;, Frll, fii ]2 R (ADP-EEHR A
fii (PARPs) 1 il 571 AJ A4 ZKDNA [ PARP1/}
F 0 TR R A, A a7
BHEIF5 BEAEG 3 o 0 BHL W98 4 1 X b 3 3%
DNABKE UiRE, SHEAMMEIET . & TFPARPHH
FMiniparib M (BO)BS LT 1 Wik AR o 58 R
B, Fiepalifbyr A, PARPHIIFIGEDS I &
R R YR ALOS (7.7 Hvs 12.340 A )T
Y it e A £f (disease free survival, DFS)H}[H](3.6
MHvs 59101, 3K2),
3.5 Janus#EH BRI T HFEHETH R
(janus kinase/signal transducer and activator of
transcription, JAK/STAT){% 5 id %%

JAK/STAT i % [F) R 70 2 M 41 it it A vh 4%
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FHORHWWEER, SR . A6, 8.
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Tab. 2 Partial therapeutic targets and their agents in clinical research for the treatment of TNBC

Targeted pathway Targeted molecular ~ Chemical agent Combination agents Phase Trial reference
Metformine I NCT01650506
Erlotinib Neoadjuvant i NCT00491816
chemotherapy
Bendamustine I/1 NCT00834678
. Docetaxel
Nimotuzumab L I NCT01939054
RTK EGFR Capecitabine
Gefitinib Nil | NCT01732276
. Carboplatin
Panitumumab o I NCT00894504
Gemcitabine
Carboplati
Sunitinib Aropiann /1 NCTO00887575
paclitaxel
MAPK/ERK MEK1/2, ERK2 Trametinib GSK2141795 (Akt i NCT01964924
inhibitor)
] Gemcitabine cisplatin 1/1 NCT01939418
?gf{gg(;‘f)s Eribulin mesylate I NCT02120469
mTOR Cisplatin n NCT01931163
PI3K/AKT/mTOR ini -
m Temsirolimys ~ \eratinib (EGFR and HER-2 1y NCTO1111825
inhibitor)
Olaparib I NCT01623349
PI3K and AKT BKM120 o
Capecitabine I NCT02000882
Ruxolitini Nil NCT01562873
JAK/STAT JAKI and JAK2 uxolitinib N I ¢ 7
Ruxolitinib Paclitaxel 1/1 NCT02041429
Veliparib (ABT- Carboplatin paclitaxel doxoru-
Poly (ADP-ribose) 888) bicin cyclophosphamide Ul NCT02032277
DNA-damage response (DDR)
polymerases (PARPS)  vijinarib (ABT-
apatinib (Tykerl
p888) Lapatinib (Tykerb) I NCT02158507

Details including dosage of the chemical agents under trial, duration of the trial, inclusion and exclusion criteria for recruiting patients, contact
and locations where the trial was being conducted, and the current status of the trial could be obtained by searching the ‘trial reference’ in the US

National Institutes of Health Registry (https://clinicaltrials.gov/).
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