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[Abstract] Breast cancer is the most prevalent malignant tumor in women globally, with a significant and growing number of new cases
each year. Accurately defining the boundaries of breast cancer lesions in imaging poses a significant challenge for evaluating the tumor’s
size, morphology, invasion range, and relationship with surrounding tissues. In spite of the limitations in identifying the boundaries of
breast cancer lesions for traditional imaging methods, the booming development of omics, combined with nanoscale contrast agents,
provides abundant target information and molecular mechanism basis for the precise identification of breast cancer lesion boundaries.
This review summarizes the results of omics-based analysis on the features of breast cancer lesion boundaries, and discusses through
detailed classification the design principles, ideas, and applications of nanoscale contrast agents for imaging breast cancer lesion boundaries
according to different imaging strategies, with also a summary of the current challenges and limitations in this field along with prospects for
future development.
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Figure 1 Schematic diagram of omics-driven contrast agent design for breast cancer lesion boundary imaging

ARLERREL T AR YA o SO P R N A 2 SR
21 5 2l SO S LR S e 20 PR B i A 4
R, FGE T R L A E VI SC R EAE AL 5 [
ZE B AR ARG, 73RN T FLRE G k32 5 A
PRAKBPRRE 250 BB B R s oS R4
SRS AENT WA AT FLIRIE G Kb 1 SRR L TR R T
R R 0T T4 R D5 1l EA T T B

1 SLRRER LD R EMAFE S
Al SRS TR R, N R

Gef AT LRI A 1 B SR A A AR AL T 4

T HIRARIHTTERA o 16 Hp S0, S

PPS

e e 2 T A 1 B 2 S o e i SR A S I L
W C AN A o, SRR B0 TR R tE
AR S o k10 AR R P AR IR A A s B s 2
SR PR AT S DX I 2R L P ek i v 2 S
IR RE I AN RIS I LS E R
A DI APERE ARS8 EE AfR. —HME
K SRR, JEFE R A IR S N —
HARIR” BRI TS, AURY Tkt
SRS A R R bii i N e a2 1 NS W LB - A0l i e
THEBE TR > TR0 SR T, AR ELS
58 LR 3 A4EE, RGEA S FURE AL S r
Tk 1R SR AR SN AE TR PR, IR AT AR 2 5

Prog Pharm Sci Dec. 2025 Vol. 49 No.12 -



. Prog Pharm Sci  Dec.2025 Vol. 49  No. 12

BT o kb 300 F R HERE ST R AL OCBRE 1Y 53 15
BEMe S, e ek T A =K s i EL
FR R Kt AR 3 5 TR e B I SR A
1.1 BEA S 5FLIRER kb RAFE R X B

DR 28 2738 52 X7 g 4 5 R 26 B D ) 5 R
oy, BERSHRGHE XS 5 I Lk K R 3 VA O
PGy R IR DR e SVS PR AN SN E e PNE SN f TN
A, i, FLARE S L 1 (breast
cancer susceptibility gene 1, BRCAI ) F1FL Jf ¥ ) &%
FE A 2 (‘breast cancer susceptibility gene 2, BRCA2)
BRI AE, T IESE 5 3814 1 L B 14 2 s X
W A7 A b 2 OGHE U X A A5 AN R AT e
RIRHFALRIER AL T RO R, HAEEAE MR A

RYIIZAR . VR TT RO R A e LI 12 W T Sl 3
L0 RS
FE R F A Y 25 S R U FUIR I 3 A Y

SRR . 2000 4, Perou 45 1) L T RL AR Y B
R ——FE M R A2 1K (estrogen receptor,
ER) . 22 & 1K (progesterone receptor, PR) .
N F A KW F % 1K 2 (human epidermal growth
factor receptor 2, HER2 ) A 4 Ji0 84 5 AH ¢ 4% BT IR
Ki-67 55 1 RN, B0 H R 708 s A B

(Luminal A) . % W& B #! (Luminal B) . HER2
iob F IR RUFNFE ALY [ JRAR = B PEFLAR S ( triple-
negative breast cancer, TNBC ) | PUkK4rF A (I
#1) .

1 FLARES H KR

Table 1 Classification criteria of breast cancer
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ER: estrogen receptor (MEMEZ52/K) ; PR: progesterone receptor (423 52f&) ; HER2: human epidermal growth factor receptor 2 ( A\
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Figure 2 Characterization of boundary and the cells in breast cancer lesions
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Table 2 Comparison of the representative imaging methods
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