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Abstract
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Breast cancer is the most common malignant tumor in women. Unpredictable metastatic relapse is a
major reason for treatment failure, recurrence, and even death in breast cancer patients. Circulating
tumor cells (CTCs) are defined as tumor cells that detach from the primary tumor and enter the
circulatory or lymphatic system. Studies have confirmed that the detection of CTCs can provide
important clinical information for the diagnosis, developing treatment strategies, and prognosis
assessment of breast cancer. As one of the key targets for liquid biopsies, CTCs can be collected simply
by extracting a patient's blood. However, most CTCs die in the circulation, with only a very small
number surviving and invading distant organs. The scarcity in numbers, heterogeneity of CTCs, and
interference from complex components in blood pose significant challenges to the accurate detection of
CTCs. Various detection methods developed based on the biological and physical properties of CTCs
often require separation and enrichment of CTCs before detection. However, preprocessing steps like
adsorption, washing, and transfer inevitably result in CTC loss. Moreover, time-consuming, complex
procedures, and expensive equipment further limit the clinical application of CTC detection. Therefore,
there is an urgent need for the development of new detection technologies. Microfluidic technology,
characterized by microfabricated structures, has received significant attention and research in recent
years. Microfluidic technology allows for precise control of micrometer-scale fluids and cells, making it
particularly suitable for detecting rare CTCs. Microfluidic chips offer advantages such as low cost,
simplicity of operation, low consumables, high throughput, and real-time detection. Their miniaturization
allows for the integration of various detection techniques into a micro-scale platform, providing an
efficient platform for the isolation, identification, and characterization of CTCs, contributing to
personalized analysis and treatment of cancer patients. Recently, the rise of three dimession (3D) printing
technology has provided a more efficient and personalized approach to the fabrication of microfluidic
chips, avoiding the complexities and time-consuming aspects of traditional microfluidic device
production. Layer-by-layer printed 3D structures will promote higher efficiency and throughput of
microfluidic chips, facilitating the successful application of laboratory techniques in clinical settings.
This opens up new perspectives for biological and clinical research on tumors and offers unprecedented
opportunities for the diagnosis and treatment of breast cancer. In this article, the authors analyze the
characteristics of different CTC detection methods in recent years, elucidate the application of
microfluidic technology in the detection of breast cancer CTCs, and the cutting-edge technology of 3D-
printed microfluidic chips, and provide an outlook on the application prospects of 3D-printed
microfluidic chips in the detection of CTCs in breast cancer.

Breast Neoplasms; Neoplastic Cells, Circulating; Lab-On-A-Chip Devices; Review
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Tablel Summary of common CTC detection methods based on biological characteristics
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Table 2 Summary of common CTC detection methods based on physical characteristics
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19720 A~ FL R 965 F8 8 10V FE AR v 23 85 Hh B A o 4l
MU G J1 0 CTC, F L8R 520 b 47 1 L I = A8 4y
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FRE” CTC 25 ok 55 46 0 (14 B8R E DA 52 i XoF
Jel 1) WU R I R B PTEAG

21.2 fimg e fhm e W IF LR SR
SCEEL CTC B 43 8 o Mishra 2524 ) T CTC-iChip,
DA 43 5 [ 51 15 4% 25 B RBC LML/, 456 v
o 85 G P 0 M 43 1R X 2% B WBC I & £E CTC, iz 1A
BA KR 2 6 A A0 B LR 988 CTC 48 A B At 14 10 1 A
o, BICR A (892+5.7) %, FXHHUEAT T F
BT SR, T i R AR T I 4 B R
S CTC (W ] BBk, (H 43 2 40 B 38 H 5 A%, P o il
WHBEZRSE LR, mHES P =
B8l i 2 S HGHK 4y CTC &P ek, Szczerba
S B CTC-WBC 15 14 A7 76 5 15 K FL R 98 % 7% 1Y

© WA )3 of [ FF I F A EPTA

e, fUm R AR TE T AR EA KBR S WBC A G
CTC . FE T AR i B AR I 4 5 M e AR 1) 4 51
CTC, HXF HEZRFHMMRMEAFREKE, 5
Sh, B TR S S B S B iR, Bk brid
23 52 M) CTC 11 58 B M FE 0, Rt &5 5% i 5
5055 T
2.2 ETFIARIEHIEN

Tebric i B 78 Bl il H R S PR AR = B
W25, RS R e 20 S ) FER R R Gk, AR
T CTC T U 20 A1, JF A B2 5 B0 0 vy A9 il 4R 580
HrpEgh ke FEAGEIN S, BHAHBYE . #%
Y. o skoE Rk, gk sl o B Al R Y
B LR L AR SN 7 sz WAL B A CTC, H A
BN 117X & A B 0 v A
2.21 4k FEhorik B EE NS 1R\
MR 53 25 CTC . BE T 40 i iy o A BRAF %, DEP )
FH A ok 7 5 3 2 18] 0 A AR R CTC 43 15
21, Jahangiri ZPE AC-CSC 3t R L il Jin 1% 45
LU, AR 2 B0 2L IR 4H R (MCF-
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T R 5 A B0 1 R I 1) S [) 2 A 1 B ok o
T, RIS T g 2 A R O A )
CTC RAETHNHH I, 7 2.5 mL/min /33 T 528
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MR A A Ak R PR T A K B, SR T CTC 1) 5
JEAPELL K 5 S AR S, 5 SO i R R 4l
BEIFA A N o

3 ETHEIER AR K 3D FTEN L=
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NRGEM A A, E DRI ST T AT BT S R
CTC (i AR A TS 8 B il , FF MCF-7 48 i fin 4 3] 42 1
oDLOR R E I R ORE R, IR Y Al E R
(90+2) %,

BHEMMRERSEETRZANHETZ, B
Z I AL BR B SRR AR RAS | FE B A O
T 49 BR A T A I A A A DA S 0 5 B S B I R S e
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IF N ) A MCF-7 408 . e, Chu 58P B 3D
FT BN A K WBC 4 35 38 8 F1 73k 0 2% & 45 5 1 [A] —
ORI &, BT CD45 Bk dli 3k WBC,  [A] if
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