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[HEE | ZLARE B2 R I & o0 ZLIR I DA 43 BN AR A VA 7 S it T 3
M4, BT, FLREZTTR T O ERAC T, SRR B 25 0 s ST
LR S BE 2= 2 W AORE B AR TR R A R, A ZER PR (trastuzumab
deruxtecan, T-DXd) W N AFRRAERKEF 32142 (human epidermal growth
factor receptor 2, HER2 ) fli#i5 (HER2-low ) SHER2#AMLFiA ( HER2-ultra
low ) FLARJE B EIRML T HMIRIT AT RE. BEF HER2ER BRIt oy
414k (immunohistochemistry, THC ) $ARAE N %G HER2K I T Bt A4 K 56
ELesZ FPkERL, HER2-lowF A3 — SO B2 (M Inl B, ) 324s RAT A 23 0] S5 o
Pk BRSO A VU0 R R AR DS, SR T A R THCRG 36 Ak R R 3
TR B 5 B 1k DR BT R B R HER 246 I 7 X X i E B 4R T 1)
T 5T, HER2-low T AN AT B AR 19 A 24 RO BE 22 R AIE DA R sl
ZRRERNIR YT AR G5 N TS A O ,  E AT NS A E A ST T . B
FHE DRI B AR 1) SR A i, 22 Ah L MR SO A DG SR IR R it o, AHL R 245 9 T
R A SE R Wi A 2L 27 Th R A PR T o T AE Rl s T VL3 -V il
( phosphoinositide 3-kinase, PI3K ) /2 [Hiifif{B ( protein kinase B, AKT ) /I,
SR Z M 1 ( mammalian target of rapamycin, mTOR ) {55 @ ( fFFR
PAMGHE % ) MHIFI7E#ZE Z K (hormone receptor, HR ) FHI:/HER2 FIPE:HIF,
Pdiay i s R T, IR T PIK3CA/AKTI/PTENKE DR ey I %) 2 AL AR 2
ANWHARF, WIRE B TS RO R s RMIAEAS 1 e M A S UREAS Al P it 2
FEAME RN T, TR & MR ol 52 % MR REAS R DU AS I AR ABL, X vl 1 e 4 .
BRCAZ A SEZ UM H WA B 98 A8 A 2 — BTG NS 23848 B X T BRCA
SRR Y H AR AN DU AT 22 5, ARSI 3 S AR 4l £ B i 12 4F
Wy . MR B S BEFEIR YT SOV EREBRCAZEAS AU 58 5 Al vl BE M R H — Wik
B AW [ poly (ADP-ribose) polymerase, PARP | #IiIFIIAIF ks iU .
ARSI R Y S ZURRS B2 4 R 10 B i R A AR i i, 45 A4 HER2-low
5HER2-ultra low LIS (U IZWbR i S Y BRI AEAE A /2 . PAMIE B S 7L It
FaSYT i i L K BRCABE H 528 (i Aarill H AR ARELE SR, SR FLIE IR IR 127 1
6222 31 DA DA I U £ 52 R3] L Mg B2 1) 2 JR8 Il o

[ S8R | ZUAR; B BiHAR; ARMAERETFZRA0ERDL; BlmtALeE:
3- /AR B/ FL AN W) Th 2 R LA {5 Sl s BRCA
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[ Abstract | The development of breast pathology technology provides basic support for precise typing and individualized
treatment of breast cancer. Precision in breast cancer diagnosis and management is evolving as a fundamental trend, with the advent
of novel therapeutic agents necessitating enhanced accuracy in pathological diagnostic evaluations. The application of trastuzumab
deruxtecan (T-DXd) has offered new therapies for breast cancer patients with human epidermal growth factor receptor 2 (HER2)-low
and HER2-ultra low status. With the refinement of the classification for HER2 expression status, as a traditional detection method, the
efficacy of immunohistochemistry (IHC) has been challenged. In addition, HER2-low has poor interpretation consistency, with spatial
and temporal heterogeneity, which is affected by the storage time of the blank slides. Nowadays, finding auxiliary methods that can
effectively improve the testing efficiency and interpretation accuracy of IHC as well as new accessible HER2 detection methods
are important exploration directions. Whether HER2-low can be considered an independent molecular type of breast cancer has
become an important issue with the update of treatments and the progress of new drugs. However, the answer is no at this time due
to the absence of distinct and stable biological and pathological features and the lack of specific therapeutic benefit and prognostic
relevance. With the widespread adoption and advancement of genomic profiling technologies, multiple causative genetic mutations
associated with breast cancer have been identified. The development and clinical application of targeted drugs have elevated genomic
profiling to an increasingly pivotal role in clinical decision-making for breast cancer treatment. In recent years, multiple inhibitors
targeting the phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)/mammalian target of rapamycin (mTOR) signaling pathway
(PAM pathway) have demonstrated promising therapeutic efficacy in hormone receptor (HR) positive/HER2-negative breast cancer.
The clinical prioritization of PIK3CA/AKTI1/PTEN molecular profiling has been intensified, and the trend is to move forward the
time of the initial test. Tumor tissue samples are preferred for testing, and plasma samples can be used as a necessary supplement.
Samples from primary or recurrent tumors are considered to have similar testing efficacy and can be selected as appropriate. BRCA
mutation is one of the common types of genetic mutations in breast cancer. While current guidelines vary in specifics regarding target
populations, they universally prioritize clinical parameters including diagnostic age, family history, and treatment response to identify
patients who have elevated BRCA mutation risks and may benefit from poly (ADP-ribose) polymerase (PARP) inhibitor therapy.
This article summarized the latest advances and controversies in breast pathology techniques, focusing on the diagnostic criteria
and methodological limitations in detecting HER2-low and HER2-ultra low breast cancers, therapeutic progress in PAM pathway-
aberrant breast cancer, and the target population for detecting BRCA gene mutations.

[ Key words | Breast; Pathology; New techniques; Human epidermal growth factor receptor 2-low; Phosphoinositide 3-kinase/

protein kinase B/mammalian target of rapamycin signaling pathway; BRCA

BEE AT AR SO, FUIE R
P 2 IS B 2 B I S S LR
TIMRISI T ARG, 25 RGURTr AR E R

AR A1 ( mammalian target of rapamycin,
mTOR ) 5 538 % ( FIFRPAMIE % ) 0l 5] 64 )07
FEEAE T4t s BRCANE Ay 3L H 2 (4

o RGIRITEREXIMEHAST 1A R e,
AR FARBHEEENT B, MAHERGIAT
) e RS T B2 A A S AR IR Y7 s 1
wRIr . o, AREAKKNTFZMA2 (human
epidermal growth factor receptor 2, HER2 ) fli5%
ik (HER2-low ) ZLHs KU AL 259 0 F R
IEIT RN AE R A2 0T, Rt E, H
TEFRESAE | AN 45 )7 T 0 A7 A1 22 1) R ik
FRffrrle. H T2 R0 R 2R AR 1k 52 5 ZUAR IR 0 &
AL RBEXRREY), EHNZEmiZEic sl
WIER 12y TAER R &, A BIF R a7
(RETIFAC, PIK3CA/AKTI/PTENZEE Wk NR L
i 3-1% M4 ( phosphoinositide 3-kinase, PI3K ) /ZE
F¥ B ( protein kinase B, AKT) /MFL.sh¥) e

, XFBRCAZEAR 1 G L5 1 A X6 I 2L

ﬁkﬁ%%ﬂﬁ& SR BMRTUS B LER, FLIR
PRI S RGORIT I K EAR AR, 2

Iﬁlﬁ;m%’IHUzLﬂﬁﬁﬁfﬁ SIT AR SRy o AR SOk

IS0 LR B AR S ) J2 B2 e R T A7 A

ARG TIC S e, U FLIE I R 12T 4

2%,

1 HER2-lowFIHER2#B{ERIE

low ) ZLARERIISTT iR

1.1 HER2-low#=HER2-ultra low#J5 B7 L5
HER2 &% A4 K B 7 2 R F i —

P ZL M 22 AR YT AN, HER2FRIAIKF

TEAR KRR BE b 23 52 Wi 7L 98 22 58307 J7 38 1Y 1

SE Y BEAEHER2 RN T vk KAH AR o 14 )

( HER2-ultra
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FEAEA 7] T8 X PTHER2HE [/] Y5 97 A SN FE 5 H
Ml B AH Iy, AR BE A HUHER2HE [m) 25 1) (1)
BRI A, PTHER2IG Y& 1 ks . K5 4 fk
Jr i % J& . DESTINY-Breast04 *' FIDESTINY-
Breast06 " fIF 5% 4% 520 5] 57 1 2 2k Bt
( trastuzumab deruxtecan, T-DXd ) fEHER2-low

FIHER2-ultra lowFL IR 1A 9T K 4G 09 1k IR 3R
i, FHTHER2EE myAYT7 0 S TR, ik
T-DXdIAYT SN R4 18 L i A8 R H 2 i IR
[[]5, HER2-lowHIHER2-ultra low 58 1% B
TP o MTHER2-lowATHER2-ultra lowff k24
TR, G P R FE AR R TR
PRATHER2IGYT A& 1Y 15 2 i 42

Fe E IR IR Mg 2~ % ( American Society of
Clinical Oncology, ASCO) /3 ERHZ 4

( College of American Pathologists, CAP ) #§ 7] o

J RN g N B2 2> ( European Society for Medical
Oncology, ESMO ) ¥ THER2-lowHtiH A 7
JEARKHER2-low HLE e s FLIR IR AL, T
VE TR T-DXAVAYT ROV RS seEig . H
RXTHER2-low FITHER2-ultra low 93 BT
DESTINY-Breast04 '*' #IDESTINY-Breast06 * ' (4
AN HE, FFUMESGHER2VEr R0 M ELAl, 4
e 214k 2% (immunohistochemistry, IHC) 5
5 2238 (in situ hybridization, ISH ) £k £ %
R FB . hE (FLAREHER2K IS ™ (2024
fi) ) ' OHER2-lowsE XONHER2 IHC 1+8{IHC
2+/ISHAY #4, MIHER2-ultra lowsE X HHER2
THC 01 < 10% 3R 118 40 i S A S8 8600 L 3t
S (5 (EAS T A, R Halde
WARHEAE A THC HISHAE I XTHER 28K /K - 35
() R IN T, B PRI T B 2 R
UER S AT AR, THCHIISHAEHER2
AR IR KA H AR P 1 A AR
1.2 IHCAZ % iE 4 A THER2-ultra low5 HER2 &
P& kit

b & HER2KG A0 A2 W s SR 1942 -, THCAE
S BTG R H W HER2 8 I R B K P £ 2 F
Bt, BESUERGYEHIHER2-ultra low FJC 3L 8 A
Sk PRI I PR s B2 12 Wy 1) o B m) @, THC /2 —
o> d U, 3E A R S B bR 0 S s
KX HER2 R IS L 04T VPAL , Y a7k

A HER2ECGE A OC, A4 HER2
B <100 X 10°BFTHCIES3M0; 100X 10°< B
Y HER 2 <500 X 10° B THC RS> M 1+
500 X 10° <B4 UHER 2% <2 000 X 10°1}
THCIF43 A2+; BN HER 2R =2 000X 10
IFTHCITAY #3+ ) . SIHC 2+ 2 IHC 3+4H 1L,
IHC 05THC 1+ [a) 2= 5400, ME LU i A R i
FTHERR RN, X 0T AR FIHCB IR A T
XTHUHER2VA YT A R PF43 3+ 5 Fofh s A 7
X 4. MMt E TR - 5 TIHCR I 3 Widn
#E, THC 0 S HER2TCYL {8 5 < 10% 1912 e i 4
M EBURSEEENY . TS e 2 ( BPHER2-
ultra low ) , HER2-ultra low HIHER2 JC Y {1 7 i#F
FTTHCYE A 22 57 X [l 78, AT LA THC H T
X /rHER2-ultra low MTHER2 TG YL (O30 REAE 2%, 1
WEEAR, MK THSHWARKE, Fiawmiw
RO THC VAR 2 BT & H At B o i 1 2 1
Rl i, EE T IR A B S N E T R HER2
MRNAFE TR KPR A8 32 5 7 2 252740 b o W,
HASIIHER2 A/ 107 JEATmRNAKI 4 A
WA B TPl e N 2 ) e Bt 5 sk b 1fi o
BETTHRIE PR e 4 AL A T T A, R A B A
BHHER2FR LK, JHTE—ERE LRI TR
FNBRAT K 77 9 22 T B 2 R B 15 AR
¥ ( next-generation sequencing, NGS ) FRIFXf
KR 31 [N FEAT PR Iy 0 A, P EAG
HER2EEP™ 38 7K - 1 [] IR Xof AH 5 KR PR 2 72 i 47
oI AT TR A LR AR B, S ERE TS
WAL SRyT i B HI T A 5, BA RAFA ki
Wy PR (B AT R 77k 8 ] THER2 %
TRKF- VAT B R 2 1 e 2 0 78 0 1) i PR S 30 9
WE, PIFAVE R E SR, [FIRHanfaf 454 E
I 55 190 B ST RSN T3 FA I R T R PR AR 2
T B S Al
1.3 #"AHER2-lowf= L3 & $] i 69 B &
JFFEHER2-low FL IR I6 A R06 7 1Y 6 24T 55
TETRE Y 1 07 26 35 0 A, 10 BELAS2 W7 v
14 T 2 Jir R 7R T I DR S5 B v A E 22 0 IR 2252 )
HER2-low 5 Jo s o i MR A3, 46 A3 — 2
PEL AT S ErE  BR)R B s U0 R R A
LT (1 PR =82 11 5 2 (A B P e O P2 b A N
PIRG4S i i 1 et 25 S HER 2-low FL i
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FE2YT I AT 55 Ak AR

A, s BRI O A ) 5 — BorE R 5
HER2-low/Eff I LA B Z N 2 . 20244FASCO%:
WA B — TS ) %F20174F 1 H—20234F 1
HA I RIC R B300/HER2 THC ORZSFLIRE &
T AT, 5300 R 244 5 R B
ST A TIEA HAKHE2023 iR ASCO/CAPHE R i 25
HER2R A B g e 075 43 o Herpr 128543

(95% ) FEEH PP/ 14490 FEARLEE ITPEAS N

IHC 0, TX#ASBE 1714 (60% ) #5514
5 B EE TPl W HER2-ultra low. 2445 BEAREE
i AYHER2-ultra low Tl %5351 h45% (n=104)
Ma3% (n=121) , VARG RE SR BN
57%. 2024 FESMOZ L Hh A4 % T DESTINY-
BreastO6WF5% °° AZH ABEHER2IR A TS 485
N, AE 2535 WHER2-low U RE AR H1949% 2 Fh
OFEIIES N HER2-lows HER2-ultra low, HH
HER2-low Y BMATE 4> —BOR R 77.8%; it
SHER2TC Y [ REAR AN 35% 28 O Ar AR K Ay
HER2TCYL A, HAX40% 1) Hh0PFor 25 5 W HER2-
ultra low, 24%NHER2-low, — 4%} E A A
HIX | ARG ST LM B Ao Y R,
S 5 N854 R EEITh , 4755.6%[1)5Z
ViR I FERELE i LR X /- HER2-ultra low#ll
HER2JCY: 5 R, E B S Tl o
Eb P 2 R 2 B8 G s (R PR Ao o 1T D 24
o BB} I U X A IR /K - HER 2 238 R4 11 1) )
T —BORAD AR, HE 5 PR A5 BB B ot
T SCIX [B) G o5 B AR B A — B B A IR X AS
Y EXE LIRS, O I A — B )
AR RIE7NE R R A ol S Y= N AR BEEUR S B 97
I AR B EE A T — 3501 L el s 7y =GN
A5 A 2 45 7 1 B e HE R 21352 14 v 0 8 A e o
M, NN T e ARG B HER 2K 25 5 1)
BRIV Sy Ay A

HER2 45 5 H1 132 1) 2 (] 5 o P 32 22 (R i 7
PRI 25 0 T HITE AL 2UKE A (core needle
biopsy, CNB) 5 FARYIERIRATGHE (surgical
excision biopsy, SEB) 2w I, ImFEE kAT
CNBZE A MHER2 TG A () v, Hirh42.8%1
e 58 I SEBJE BT B2 NHER2-low ) .
X — G0 R A 5 o o A 1 BORE Ry BR A G

TR Z2 RE P FIMESRZE 32K (estrogen receptor,
ER) FAPERCNBLS R HHER2 LY (4[] SEBLS S
HER2-low# 4L INAH G A R, $275CNBTEHER2K
TR KRR A AG 6 1 AN s B A — 2 SRy BR A
I E A% RS> R ISEBSE B, FRIRIS MR 22 X}
TRITIE B AR

HER2Z, S J1 152 (14 B i) 5 o P4 ) 3= BEAEAE T
FLIRE R R AR & R 2 DL S R B A7
FRINAITRTG . Line ') MEKF28.5% )
FFHEREMESERGRNE L, BRREZ
[EJHER2ARS e, I H FEZ k4 7EHER2 0F
HER2-lowZ [i] . Tarantinos ') () [l B 5% 45
RN, TERRBNGYT G AAER R ALY B
Y94 29.5% FT i BhIAYT AT JF HER2ZIRS AN —3L, 41
A2 W HER2 OFTHER2-lowfit 5 % A lLHER 232
T PR 1) S5 3 B ) T & A Al BiR YT S HER2
AREAE (32.3% vs 21.3%, P<0.001) , F%
FK I NMHER2 OMHER2-low# 1k, 254 k1%
O, X TIENE L . R R BiGay T e
(458 A5 9 b DO HE A T HER2AG I, R i1 2
HEEHER2AGM S5 5 N THC 04 .

25 YA GRAF B[] 2 52 M HEE R 2460 45 S o
WS — BB R AR T A ) B
AN[FFP IR AR HER 26 I 25 SR 5 8 e s AR ) — B
P, SR ER, FABMAARETEN. 4805
A (RIS R4 ) 7E38 N, Kl gh 55 et
FRARFEAR —F (Kappa=0.6) ; B2 (YR
FERTAIZE K, HER2FAZ WG, HALUE R
HER2F A T FEB BT ARIRA TR, X A ]
HER2ZE AR, HAHER2-lowhrAs B 5 H Bl %
IRZKE B R RE, AT LAHEN, HER2F AR
5 RRBAAFFEAR AN, $/RHER2-low JXHER2-
ultra low 85 Bl & V) 7 PR A7 ) ZE 1 8 5 9k 15212
HHER2JCYL A,

1.4 HER2-lowsZ & S AF 4 1k 5 69 SUMJE 5T
T A

H A7 FL I 2RI R A2 R FTHER2 % 1A
& 5K 4> Luminal A% . Luminal B% . HER2
PR AN = B P4 3 T ) KT
S #0 LE T G RO B2 R L R YT O R T
Ja T AR B35 22 57 0 TRl A DR 25 Wy Bk
1) T-DXdXF HER2-lowZL fiJ e B R 47738,
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HER2-low & 5 BB 1 Al 37 ) L 98 437 30 784
SR G A S OCTE AT

TE A Wy 2 R AE D7 1, A FSE DY A3 689
BIHER 2 [ 14 FL % 958 B 1 1 AR S BHL 27 e AiF 11
PAMSO% 4 AT 70, 45 R B7n, HER2-
lowfE#{Z & (hormone receptor, HR ) "ZH 1)
fite (65.4%) =T = BAYEFLIEAL (36.6% ) |
HHER2-low 5 HER2 08 F{UFEHR 4 NF7E
FEH FA 2R, HAHER2-low & ERBB2
AR S PR R IR KO Ty B R IR A iy
( gene expression profile, GEP) 43Hrik AXfF
HER2ARF IR FLIRIE , 52009 95 FRAE 1) 56 0K 5y
FE R HRIEH T AEHER2FE X . i 2 fr AT-DXd
25 Y 1EHER 2-low FL I h i th R A7, A
BIFgE 20 2 U 24 W 11 P A% 2 5 e 42 L b 40
HER23E [H, T 2 5 00 ) 88 3% 1 285 28y AH OB
AI LA HER2-low I E 45 2 SO 9K 2 X 3= 1 8
MR, ] AR S B A HER 2B AR I 25 WA T
REsHbRE . EIRIT 5 HUS JrE, RxPONDERAF
7 P XTHRIRSHEA B IE ), HER2-low 5 HER2
037 Ji 9 £8 35 422 32 0 i B AL T %) s L 2% 58 4 2
fi## ( pathological complete response, pCR ) G
L3245, DESTINY-04i% *' i, RFIHER2
THC/K - (8 5 % UL fif 56 5 TC ik Jre A= A7 911 TE W
WS T3 SRS 2 s T
B IR RE B PE T 1 136 01 645135 e 1 2L B o £
HERER, R ExR, TIBHRERRES W
fal, HER2-low5HER2 O J5 J7 11/ A W AE Y
/NESE . 28 EFT&R, HER2-low5HER2 OfifE
5T 22 IF A B2, HER2-low I H AT sl
TR MOl A B I YAk 3R, 5P TG
TGS e, HER2-low BT @ & B MR 1 41 BAT
SRR AT (L YA e el IV ER S S 7 A=A 8
Bl LLZAHER2KG W R E 2, B 5K
WA R . MERE A HER2AG I T B A & 48— )
R A, B2 TR 2 R R AR IRIR YT
T X F AR ST T B L E K,
2 PAMEREXIZTF#E

PAMH % =% 1 PI3K . AKTHImTORIX 34
S5 S SR N TPTENLL A, 7E1H 40
MLER . SR T P R IEE AR L A
5 WK, A 50%MHR /HER2 i 5 3

FEEPAMGE [ P RFER S 7 B0G , Bl e FLIRIR
BF TG A B B AERE H R N o iR T i 2
WSS TENLS] . PIK3CA/AKTI/PTENGRE AR & 5
FUPAMH 55 G I SCHE R, G PIK3CA
Z7F . PTENY)RESR 278 /IR IR 2 MAK T 1T
RAF, HPPIK3CATN R T EEE T LA
IR, H30%~40% 2 . B HISERISE A b
A, ZFPAMIE B HIF M # WPAMIE
S5 ) AR Bl FL A FH 1 A543 S PI3KAM i 551 (
BT AT . PHIRFIZE | taselisib ) . AK T )
(In-RVCa# ) FMmTORIMHIF (KYEsEH] )
45 INAVO1208F5Y 200 45 ok, —2R i FAR
HRFNZERL & 7 2RI HR /HER2 H B 40 MR Y7
Je 5 20 J (1% LR e BB A T B K P TE
JRA AR R NS S8R Y7 K %5 ; CAPIltello-2914
g2 PR R, RICEE ] R NG
YT Z5HR /HER2 S0 2L R 98 A8 5 (%) Ttk e A A
1, HCDK4/6:HlFHZin NRERIFESR2E, AKT
% 9 N EAR 35 0k Wl o PAMUE [ 310 i 551
TEVRIT b 1Y 58 354K 45 9 PA MU % S5 3 0 0% LR
JERBE ARk TR A B PR AL, (R A t
LT T PIK3CA/AKT1/PTENSE PR 8 2545 W6 T (1)
FENE,

HET, 0 EPAMGE BRI TAE £ Z LRI N
), T RS RN BE S B 25 ATk
TEIT R A, RS I AL AT A Ak e 4B ) 224
AT B 2 EE R R, 20244F ASCOZ LA A Y —
T ] R BA B ST 20 XPHR/HER2 1 301 5L R i
PIK3CA/AKTI/PTEN7E 5kl RN 5848 e A 2%
BEATAHT, SRR, A55%HBESHED]
ANPIK3CA/AKTI/PTENZS 5, # AR R m{H
K I HLAH A1, 92%~93% 1) B E—ZK3AT T
TEUR JEHe sz SRR . — TRk [ 26 [ Y B A
WFSE 27 R, ek ARG BT R 0 A o
BBH RS e B 1k FL IR IS 45 32 B IR PIK3CA
I Fy o 7 B R R BTG RS, HLAE20194F J5 #232
PIK3CAK N W) iR B 2 (KR k220,
P<0.000 1) . FiRBFIEHER Y ur 7l B
PAMH [ AH I P 28 ARG AR SR AN 7243, {HIIfG
PRXT T PIK3CA/AKT1/PTENZS AR A5 I i) 5 40 B LA
e S DRI St R 350 S B T e A A B el
B, BT AU AL IR ARG Hh R T IR



288

KEEE, T RRIESHRARGERIIS N

PEAS, HRTHE R 0t i vk w2 SRR AT
PIK3CAZAS KGN, Wb B ] 2 B i 3K A 34 o
DNA ( circulating tumor DNA, ctDNA ) FEAAE
J#bFE. R T CAPltello-29 1HF5E (IR B M4 M 45
PV EOR, ES53 7B A BN G S I 45 R 1Y
BEAH, R YERE R VEREAC R PIK3CA/AKT1/
PTENZRZE 1) K 28530 50. 7% F146.2%, 255
TGt (P=039) . RosinZ "2’ fymetasy
Mrid s, VCHc i B & v fn & & P RE AR PIK 3 CA%E
AR B RN —BOR 49.8%, HILHPIK3CA
AR 11 WP A PR Al A B A AR [ 58 A U A o
UL (14.9% vs 8.9%, P=0.003) . [iR45EHA] I
AT Bt 30 PR A AG I — SO A X R s, B AE
Il R PIK3CA/AKT1/PTENZE A ar i i R b ist 435
BT e A s S U, T 0 A DA S5 % AT A
FEHE R 9 AR 1) £R 3 B AR AR A I, R B
TAEIRI T LIS SR 8216 T -

4 T PAMLHE HEAGH I 78 o 261 DA B 52 B v
{18 S it AT A TR KT Bl 5 PAMAT il 79 BUA S
B 22 GE PRI IR R K R, AR SRS A i AR R
RACE AN B AT ARSI T BEY % e ANt
R R, PAMAII 736 7 A 2 AR HR 2L
JARR 1) R T ) o EAS TR, PAMAHI R
FHE HI AR 25 B T HR W 3 S LI 4 i ROa
J7, AR FE BRI B B R AL R
I B B 14 2 R ik L B R I 7 SR Hh 1 9 Je vy
sORE R AR AR MR AU A FEER R T 1) .
3 ZLBREBRCAEFERTHMM B iR A8

BRCAXLHf3EBRCAIFIBRCA2, Wi 4ty
HF 1S 5 DNARE & A6 5 8 1A 4 R5 3k
ARERIIRE, REBAMEEEN . BRCA
SR A 5 ZFORE MR 0 KR R R DA
K, JEFLMRE . IR R S Y G R
£ Y 5%~10% LRI 58 BAT 8 1L B I
PE, MiH A 2550% 0 B E FEFEBRCAFE N R AE
HEHF BRCAZE A5 35 W FR LRI 1 28 KU 29 K
70%, R TR ARE, HEi2 T
RPAERY B T B A AR R R A
AT AT, 34ROk E BRCAZE AR i H 36
BT, BRI R TAE S anfal i 2 BRCA
AR A HAR N SRAF AL

XFBRCAZEAR S iAo A AN (LR A B 12
BEWE SR TR, WRER ARSI
i KBS AR B T B W IAVE 48 S e 2R
P B, XA AT L MR e A 3R el 1 3 il B
AEEEL, HAr, (GETHEARFBRCAI
R F IR (20244ER7) ) D) dUn
BRCAZEASHH I e (14352 4% e AU, N EA 7 2 A
A, X B A R Ry e KU AR ) A AR AR
BB 58 pEE PRI . 52 [ [ ST 25 B
2% ( National Comprehensive Cancer Network,
NCCN ) BT #2024 hivist 1/ 5 15 v MBS PP A i
g TN AR IR <504 . HER2 ALY
FLIE B R AT L2 T R R S
fitf [ poly (ADP-ribose) polymerase, PARP ] il
FRYY . mfEHER2 W R WIZLIYE R E TR S ARG
BN RPIAREST . —BIPEFLIR R S i A
FLAR R B E AT R R . (P EbUmE P FLIR
TESIETE R SHE (20244E07 ) ) Y R kAT
BRCATi A1) F AR AHEELE «

@O FWEhA TN RBRCAFE A % 5
A5 Q) WSS <45% 5UH R R E BRI AR HLAE
BEAR R . B fFAAEReE M E L . @ =B
YL : =pT2, =pNI1, SUHRHBIAIT G A&
iL#|pCR; HR'/HER2 : =pN2, si#ifiiBhiayr
Jo I R R A o340 L IR R 2 AR S S g
Pitsr=3.

iR fE R N AR BRI AR 2 R, (B2
BRCAZEAZ i A N 5 322 1 T X6 955 KU
WAL FE 2RI THE R F . SRS, HEFEXT
PSS AR RR . A L Mg A G g 2 1 s LA
N A] e A AE BRCASEZ T e NPARPHI il )35
I7 3R i 0 A HEA T BRI AGI

R e R, T A T AR EBRCA
FE PR R AR AT VAR T R AU, A I R T S B
t, S THARER (NERESZAL) A
MREEEFINFIKF- 225, TR [RIRE B T BE R i A R R
e e B RE 22 o Bl S PRI AR R AL L K
DA R R L AR OCBUR 58 3%, BRI K
R ] Je ore gE—20 32 71 SRy, Al i
BN SE G () A RS PEA AR, SR i fE AT
MREUEY 2, 2D i DRI ) A 8



(P @EER L) 2025443554531

289

4 BREERE
KA ST LIRSS 1 SR R e Oy Tl

FLIRR B 2 W 5 R GEIR T DR AL AR B A 8
HER2-low5HER2-ultra lowfifi& T-DXd7EIRIT H
()RR B B s 8 S , HER2-low”E H i
BAE TAER A WA, (HLAGIRIAYT A5
[ RTHER 2 IR AR HEA 4G 1 3 U2 7 A Ak
ARSI L R bR o R SR PR AR Ak
R 58 R AF RS T AR, IR TEEE 2
TIEFIE 9 R SR PAMLIE Al PR 2R 5 b o7 B2 7

FSHAG e L BB BRCASE AR AHE, X H R S2ih
Sr EA S T o FRBEE A OCHE R ) SR
e, GERARIEL SREARE R, Bl R
R J7, Ge— R B F bR ks iR i B 24
R TEFEAFEL, FLIR IR A HOR Y #E 20 F1i2
W R Ak Ry PR R TR T AL IR S B )

F—1EE:

JKEE4E (ORCID: 0009-0007-1866-0364 ) , #ifit-.
WIEES:

43 (ORCID: 0000-0002-9090-1667 ) , 1,
LB, Tt BB R 2450 DY B g 2L B H O X B AT,
E-mail: malil021@126.com,

EE Rk AR :

TRERAE: S H TR, SCER TR T R RE
SCEBEEHAEN; B 18R ICERE, SRR RIR
PENZAER B, R LT

(& % X #k]

[1] FISHER B, WOLMARK N, REDMOND C, et al. Findings from
NSABP protocol No. B=04: comparison of radical mastectomy
with alternative treatments. II. The clinical and biologic
significance of medial-central breast cancers [J] . Cancer,
1981, 48(8): 1863-1872.

[2] FISHER B, MONTAGUE E, REDMOND C, et al. Findings from
NSABP protocol No. B-04—comparison of radical mastectomy
with alternative treatments for primary breast cancer. | .
Radiation compliance and its relation to treatment outcome

[J] . Cancer, 1980, 46(1): 1-13.

[3] JOHNSON K S, CONANT E F, SOO M S. Molecular subtypes
of breast cancer: a review for breast radiologists [J].J Breast
Imaging, 2021, 3(1): 12-24.

[4] MODISN, JACOT W, YAMASHITA T, et al. Trastuzumab
deruxtecan in previously treated HER2-low advanced breast
cancer [ ] ] . N Engl ] Med, 2022, 387(1): 9-20.

[5] BARDIA A, HU X C, DENT R, et al. Trastuzumab deruxtecan
after endocrine therapy in metastatic breast cancer [J].N
Engl ] Med, 2024, 391(22): 2110-2122.

[6] WOLFF A C, ELIZABETH HALE HAMMOND M, ALLISON
K H, et al. Human epidermal growth factor receptor 2 testing in

breast cancer: American Society of Clinical Oncology/College

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

of American Pathologists clinical practice guideline focused
update [ J ] . ] Clin Oncol, 2018, 36(20): 2105-2122.
TARANTINO P, VIALE G, PRESS M F, 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.

(A HER2K TR RS 20140R) ) w5 4. FLIREHER2
K46 mI (201418) [1] . rPAiRIeAZRaEs, 2014, 43(4): 262~
267.

Expert Working Group of the HER2 Testing Guidelines for
Breast Cancer (2014 Edition). HER2 testing guidelines for
breast cancer (2014 edition) [ J | . Chin J Pathol, 2014, 43(4):
262-267.

ZHANG H N, PENG Y. Current biological, pathological and
clinical landscape of HER2-low breast cancer [J]. Cancers
(Basel), 2022, 15(1): 126.

XU K'Y, BAYANI J, MALLON E, et al. Discordance between
immunohistochemistry and Erb—B2 receptor tyrosine kinase 2
mRNA to determine human epidermal growth factor receptor
2 low status for breast cancer [ J | . J Mol Diagn, 2022, 24(7):
775-783.

MUNOZ-ARCOS L. S, NICOLO E, SERAFINI M S, et al. Latest
advances in clinical studies of circulating tumor cells in early
and metastatic breast cancer [ J ] . Int Rev Cell Mol Biol, 2023,
381: 1-21.

MERLIN J L, HUSSON M, SAHKI N, et al. Integrated
molecular characterization of HER2-low breast cancer using
next generation sequencing (NGS) [ J | . Biomedicines, 2023,

11(12): 3164.

MEHTA S, IYENGAR A, BARMAN H, et al. Prevalence of
“HER2 ultra—low” among patients with advanced breast cancer
with historical IHCO status [ J ] . J Clin Oncol, 2024, 42(16_
suppl): e13156.

BB, K, K B, AF T E R HER 2R A I
AR T — 3504 [ g L 0 ) I PRl [T ] .

I R 5 S G PR 2% 7, 2024, 40(11): 1135-1141.

ZHAO M, SHUI R H, ZHANG Z, et al. Precision detection of
HER2-low expression in breast cancer in China: insights from
a national pathologists survey [J].ChinJ Clin Exp Pathol,
2024, 40(11): 1135-1141.

NA S, KIM M, PARK Y, et al. Concordance of HER2 status
between core needle biopsy and surgical resection specimens
of breast cancer: an analysis focusing on the HER2—-low status

[ J ] . Breast Cancer, 2024, 31(4): 705-716..

LIN M X, LUO T, JIN Y Z, et al. HER2-low heterogeneity
between primary and paired recurrent/metastatic breast cancer:
implications in treatment and prognosis [ J | . Cancer, 2024,

130(6): 851-862.

TARANTINO P, AJARI O, GRAHAM N, et al. Evolution of
HER2 expression between pre—treatment biopsy and residual
disease after neoadjuvant therapy for breast cancer [J].EurJ
Cancer, 2024, 201: 113920.

HE J K, LIU H B, LIU Y P, et al. Effect of paraffin sections
preservation time on HER2 expression in invasive breast cancer

[ C] . New Orleans: USCAP: 2023.

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.

TARANTINO P, MORGANTI S, CURIGLIANO G. Biologic
therapy for advanced breast cancer: recent advances and future

directions [ J ] . Expert Opin Biol Ther, 2020, 20(9): 1009—



290

KEEE, T RRIESHRARGERIIS N

[21]

[22]

[25]

[26]

[27]

[28]

[29]

1024.
KALINSKY K, BARLOW W E, GRALOW ] R, et al. 21-gene
assay to inform chemotherapy benefit in node—positive breast
cancer [J] .N Engl ] Med, 2021, 385(25): 2336-2347.
PEIFFER D S, ZHAO F Y, CHEN N, et al. Clinicopathologic
characteristics and prognosis of ERBB2-low breast cancer
among patients in the national cancer database [J].JAMA
Oncol, 2023, 9(4): 500-510.
BROWNE I M, ANDRE F, CHANDARLAPATY S, et al.
Optimal targeting of PI3K-AKT and mTOR in advanced
oestrogen receptor—positive breast cancer [J] . Lancet Oncol,
2024, 25(4): e139-el151.
YIZ B, MAF, LI CX, et al. Landscape of somatic mutations in
different subtypes of advanced breast cancer with circulating
tumor DNA analysis [ J ] . Sei Rep, 2017, 7(1): 5995.
GLAVIANO A, FOO ASC, LAM HY, et al. PI3K/AKT/mTOR
signaling transduction pathway and targeted therapies in cancer
[J] . Mol Cancer, 2023, 22(1): 138.
TURNER N C, IM S A, SAURA C, et al. Inavolisib—based
therapy in PIK3CA-mutated advanced breast cancer [J].
Engl ] Med, 2024, 391(17): 1584-1596.
TURNER N C, OLIVEIRA M, HOWELL S J, et al. Capivasertib
in hormone receptor—positive advanced breast cancer [J].N
Engl ] Med, 2023, 388(22): 2058-2070.
PARK L, THOMPSON S L, ROOSE ], et al. Testing patterns
and prevalence of PIK3CA, AKT1, and PTEN alterations among
patients (pts) with HR'/HER2™ metastatic breast cancer (mBC)
inthe US [ J] . T Clin Oncol, 2024, 42(16_suppl): 1041.
Real-world clinical practice PIK3CA mutation testing patterns
in patients with hormone receptor — positive (HR"), human
epidermal growth factor receptor 2-negative (HER2") metastatic
breast cancer (mBC) [ C ] . San Antonio: SABCS, 2024: P4—
12-06.
SCHWARTZBERG L, KIM E S, LIU D, et al. Precision
oncology: who, how, what, when, and when not? [ J ] . Am Soc
Clin Oncol Educ Book, 2017, 37: 160-169.
Prevalence of PIK3CA/AKTI/PTEN and other genomic
alterations in primary and recurrent tumor tissue: exploratory

analysis from the phase 3 CAPItello-291 clinical trial [c].

[32]

[33]

[37]

[38]

San Antonio: SABCS, 2024: P2-03-16.

ROSIN J, SVEGRUP E, VALACHIS A, et al. Discordance of
PIK3CA mutational status between primary and metastatic
breast cancer: a systematic review and meta—analysis [(J].
Breast Cancer Res Treat, 2023, 201(2): 161-169.

HUANG R X, ZHOU P K. DNA damage repair: historical
perspectives, mechanistic pathways and clinical translation for
targeted cancer therapy [J]. Signal Transduct Target Ther,
2021, 6(1): 254.

NAROD S A, FOULKES W D. BRCAI and BRCA2: 1994 and
beyond [ J ] . Nat Rev Cancer, 2004, 4(9): 665-676.
CAMINSKY N G, MUCAKI E J, PERRI A M, et al. Prioritizing
variants in complete hereditary breast and ovarian cancer genes
in patients lacking known BRCA mutations [J] . Hum Mutat,
2016, 37(7): 640-652.

hEYUE SRR R R ZE s, B TThUE b
TR YL b2, BET P E TR BRCANR 2R 572 T 5
LR IH Q02440 [T . PEEEAEAL, 2024, 34(2): 220~
238.

China Anti—Cancer Association Tumor Biomarker Professional
Committee, Shanghai Anti-Cancer Association Tumor
Biomarker Professional Committee. Expert consensus on
population—based BRCA germline mutation screening in China
(2024 edition) [ J | . China Oncol, 2024, 34(2): 220-238.
DALY M B, PILARSKI R, YURGELUN M B, et al. NCCN
guidelines insights: genetic/familial high-risk assessment:
breast, ovarian, and pancreatic, version 1.2020 [ J ] . J Natl
Compr Canc Netw, 2020, 18(4): 380-391.

rhEYUE I SFURE T R B 2y, ThRE RS R Sy 2
FURME 2. P ESUE TR TR T8 5 HE (2024
AERR) [T . R EREE A, 2023, 33(12): 1092-1187.

The Society of Breast Cancer China Anti—Cancer Association,
Breast Oncology Group of the Oncology Branch of the Chinese
Medical Association. Guidelines for breast cancer diagnosis
and treatment by China Anti—cancer Association(2024 edition)

[ J] . China Oncol, 2023, 33(12): 1092-1187.
CJff H . 2025-02-18 & H Y.
(TiTduft: 227 %)

2025-03-12)



