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ABSTRACT

In recent years, advancements in breast cancer detection and treatment have been significant. 
However, critical gaps remain, highlighting the need for more accurate diagnostic tools. Liquid 
biopsies are emerging as a promising solution for cancer detection. These noninvasive tests can be 
performed more frequently than traditional biopsies and provide a comprehensive assessment of the 
tumor through a single blood sample. To ensure their clinical application, improvements in sensitivity 
and accuracy are essential. We reviewed recent studies on the use of liquid biopsies in women with 
both early-stage and metastatic breast cancer.
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immunotherapies also show promise for advanced breast 
cancer.

Breast cancer’s complexity makes comprehensive 
diagnosis challenging, as tissue biopsies often fail to 
capture the tumor’s heterogeneity. Liquid biopsy is a 
promising alternative, analyzing blood biomarkers for 
genetic information on tumors and their therapy response 
(7). This method involves sampling bodily fluids like 
blood, urine, or spinal fluid (Figure 1) to detect cancer 
cells or tumor-derived DNA/RNA (8). Techniques include 
circulating tumor DNA (ctDNA) analysis, derived from 
dying tumor cells, and circulating tumor cells (CTCs), 
analyzed via next-generation sequencing or PCR (9). 
Liquid biopsies are noninvasive and can be conducted more 
frequently than tissue biopsies, providing a fuller tumor 
profile through a single blood test (11). Already established 
in lung cancer diagnostics, liquid biopsy may soon see 
broader application in breast cancer. Complementary 
tools, like the Therascreen PIK3CA PCR assay, aid in 
detecting mutations such as PIK3CA, enhancing liquid 
biopsy’s role in treatment (10). This technology currently 

INTRODUCTION

Breast cancer is among the most common cancers 
globally, with around 240,000 new cases and 42,000 
deaths annually in the U.S. (2). Given its prevalence, 
women aged 50–74 are advised to undergo biennial 
mammograms (2). Screening has significantly improved 
early detection, catching many cases before metastasis. 
However, mammograms carry risks like overdiagnosis, 
which can lead to unnecessary treatments and affect 
reporting accuracy (1). Recent studies indicate that early 
screening and advanced therapies improve early breast 
cancer prognosis (5). Treatment varies by cancer type, 
with options like neoadjuvant therapy, endocrine therapy, 
anti-HER2 targeting, and chemotherapy (5). Emerging 
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achieves 60–80% accuracy and is driving a projected 16% 
market growth from 2020 to 2030 (3).

Liquid biopsies hold great potential for cancer detection 
and management, though certain limitations must be 
addressed to optimize their use. Currently, liquid biopsies 
lack sensitivity for early-stage cancer detection, limiting 
their reliability and widespread adoption (3). Another 
challenge is their precision, as they may not accurately 
distinguish cancer types or detect gene alterations in 
early stages due to low ctDNA levels and insufficient 
DNA shed from small tumors (6). Additionally, the 
absence of standardized assays creates inconsistencies in 
results, highlighting a need for standardization to improve 
accuracy and reproducibility (7). Despite these challenges, 
the potential benefits of liquid biopsies justify efforts to 
overcome these limitations. This review explores the 
clinical applications of liquid biopsy for women at high 
risk of developing breast cancer.

METHODS
 
To find reliable, officially published journals, well-

established databases like PubMed and ScienceDirect 
were used, with articles selected based on criteria 

including publication within the last five years and 
availability in English. Only studies focused on human 
samples and original research were chosen, ensuring each 
paper presented outcomes relevant to the topic. Keywords 
such as “liquid biopsy,” “breast cancer,” and “high risk” 
guided the search to identify pertinent studies. Articles 
were then narrowed to those most closely aligned with 
the research topic, specifically the application of liquid 
biopsies for women at high risk of developing cancer.

RESULTS

Methods
The research data revealed several patterns (Table 

1). Primarily, most samples were from patients with 
metastatic or advanced breast cancer, with fewer from 
early-stage cases. While methods varied across studies, 
PCR (polymerase chain reaction) was a commonly used 
technique, particularly droplet digital PCR and qPCR. 
The studies focused on assessing and enhancing the 
efficiency of current liquid biopsy technology for breast 
cancer detection, with experiments testing various 
aspects of its effectiveness and potential improvements in 
its application.

Figure 1. The figure shows the different possible samples that can be taken for a liquid biopsy. These samples include saliva, 
urine, and CFS. There are also multiple possible biomarkers such as CTCs, ctDNA, EVs, and circulating mRNA. These 
biomarkers are detected and used after being found from the samples taken. The liquid biopsy was then able to detect, analyze, 
and monitor breast cancer patients.
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Table 1. Data from Original Research Done on Liquid Biopsy and Breast Cancer

Reference Purpose Marker Target Genes Method Cancer 
Stage

Sample 
size

12 Earlier detection of triple-
negative breast cancer 
(TNBC) by noninvasive 
detection of aberrant DNA 
methylation 

cfDNA SPAG6, LINC10606 
and TBCD/ZNF750 
genes

Differentially 
methylated regions  
of plasma-derived 
circulating cell-free 
DNA  

Stage 1

13 Molecular 
characterization of CTCs 
aids in understanding 
therapy resistance 
and enables targeted 
treatments over time.

CTCs EpCAM and ESR1 comprehensive 
liquid biopsy 
analysis

Stage 1 13

14 Characterize the tumor 
evolutionary landscape 
and identify potential 
vulnerabilities in the 
relapsed setting

. ESR1, NF1, RB1, 
ERBB2, PIK3CA, 
HRAS/NRAS/KRAS, 
FGFR1/2/3, BRAF, 
FGFR1/2, ERBB2, 
RET

examine patients 
profiled with tissue 
(TBx) and liquid 
biopsy (LBx) 

Stage 3/4

15 COGNITION empowers 
new therapy options 
for high-risk early 
breast cancer patients 
in a biomarker-driven, 
post-neoadjuvant trial, 
aiming to test precision 
oncology’s impact on cure 
rates.

tumor tissue breast cancer genes Whole-genome/
exome and 
transcriptome 
sequencing

Stage 1 255

16 High levels of circulating 
methylated DNA 
are associated with 
subsequent disease 
progression in women 
with metastatic breast 
cancer

CM cumulative methylation 
(CM) levels

A novel LBx-BCM 
assay detects breast 
cancer methylation 
via the GeneXpert 
system.

all stages 144

17 The effectiveness of 
highly sensitive and 
affordable digital PCR and 
SafeSEQ sequencing

ctDNA PIK3CA , ESR1, TP53, 
and KRAS

digital PCR and 
SafeSEQ sequencing

Stage 3/4 
or relapsed

180

18 The effective of liquid 
biopsy to detect PIK3CA 
mutations in patients with 
breast cancer.

ctDNA PIK3CA droplet digital PCR PIK3CA 
mutation

52

19 To clarify the detection 
effect of liquid biopsy in 
breast cancer.

CTC HER2 expression on 
CTC

peripheral blood 
of HER2-positive 
patients. CTCs 
were isolated and 
analyzed.

HER-2 
positive 
patients

198
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Continued Table 1. Data from Original Research Done on Liquid Biopsy and Breast Cancer

Reference Purpose Marker Target Genes Method Cancer 
Stage

Sample 
size

20 To examine the clinical 
relevance of using 
multiple LBAs.

CTC mRNA, 
CTC gDNA, 
EV mRNA, 
cfDNA

ERBB2 qPCR hormone 
receptor-
positive, 
HER2-
negative 
MBC 
patients

26

21 The aim is to assess 
cyclooxygenase-2 (COX-
2) gene expression in 
breast cancer patients 
treated at the CUS-ABC/
FMABC outpatient clinic.

extracellular 
RNA

COX-2 PCR all stages 34

22 This study examines 
nipple secretion protein 
composition and its 
potential as a liquid 
biopsy.

NAF breast cancer genes semiquantitative 
proteomic profiling 
and trypsin-digested 
peptides analyzed 
using 2D-LC 
Orbitrap Fusion MS

all stages 15

23 The effectiveness 
of palbociclib and 
bazedoxifene on heavily 
pretreated patient 
population with advanced 
HR+/HER2- breast 
cancer.

PFS PIK3CA and ESR1 phase Ib/II study of 
bazedoxifene plus 
palbociclib

Stage 3/4 36

24 The effectiveness of sTKa 
in patients with HR+/
HER2- ABC treated with 
ribociclib plus letrozole as 
first-line therapy.

sTKa and PFS HER2  sera from 
postmenopausal 
HR+, HER2- ABC 
patients treated 
with ribociclib and 
letrozole at baseline, 

Stage 4 287

25 Is the screening assay 
developed suited for 
monitoring ESR1 
mutations in the plasma of 
MBC patients?

cfDNA ESR1 naica® three-color 
digital PCR platform

all stages 109

26 Is the addition of miR-923 
and CA 15-3 information 
helpful?

microRNA breast cancer genes droplet digital 
polymerase chain 
reaction

all stages 30

27 What are new biomarkers 
that enable detection of 
systemic recurrences at 
the molecular level?

CTC, ctDNA, 
miRNA

breast cancer genes liquid biopsies Stage 1 1455
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Continued Table 1. Data from Original Research Done on Liquid Biopsy and Breast Cancer

Reference Purpose Marker Target Genes Method Cancer 
Stage

Sample 
size

28 Can LBx-BCM detect 
sensitivity and monitor 
therapeutic response in 
advanced breast cancer?

cMethDNA breast cancer genes DNA methylation 
detection cartridge 
assay

Stage 4 11

29 To characterize the size, 
stability, and cftDNA 
content of cfDNA in 
ascites.

cfDNA IFFO1 and HOXA9 qPCR ovarian 
cancer

18

30 Is molecular 
characterization of CTCs 
and miR profiling of 
serial samples useful in 
locally advanced breast 
cancer during neoadjuvant 
chemotherapy?

CTC, miRNA ALDH1 NGS Stage 3

31 Is CTC count a promising 
modality in monitoring 
palbociclib response?

CTC RB1 and GAPDH ddPCR Stage 4 46

32 The efficacy of 
trastuzumab-emtansine 
(T-DM1) in HER2-
negative metastatic breast 
cancer (MBC) patients 
with HER2-positive CTC

CTC HER2/CEP17 T-DM1 monotherapy Stage 4 154

33 To test if CTCs from 
metastatic breast cancer 
patients treated with 
eribulin can predict 
eribulin efficacy by 
suppressing EMT.

CTC EPCAM Microfluidic Chip 
device

Stage 4 22

34 To test the feasibility of 
unbiased quantitative and 
reproducible assessment 
of treatment targets on 
CTCs.

CTC for liquid 
biopsy

HER2 FITC fluorescence of 
leukocytes

all stages 191

35 Pilot study on breast 
cancer detection using 
blood plasma analyzed by 
Fourier-transform infrared 
(FTIR) spectroscopy

blood plasma breast cancer genes FTIR spectroscopy all stages 26

36 How can liquid biopsies 
be useful for personalized 
medicine?

cfDNA TP53, PIK3CA liquid biopsies multiple 
cancers

99



Clinical Applications of Liquid Biopsy in High-Risk Women for Breast Cancer

November 2024    Vol. 2 No 4    American Journal of Student Research    www.ajosr.org 77

Continued Table 1. Data from Original Research Done on Liquid Biopsy and Breast Cancer

Reference Purpose Marker Target Genes Method Cancer 
Stage

Sample 
size

37 To clarify the prognostic 
significance of baseline 
cCSCs for metastatic 
breast cancer in terms of 
first-line chemotherapy.

CTC, cCSC EPCAM, CD133 negative selection, 
flow cytometry, 
univariate and 
multivariate analyses

Stage 4 48

38 To determine the tissue 
distribution of EGCG 
and its effects on 
cell proliferation and 
biomarkers in breast 
cancer patients.

EGCG breast cancer genes GSP 300 mg, 
equivalent to 44.9 
mg of EGCG, daily 
for 4 weeks prior to 
surgery.

Stage 1/2 12

39 Early changes in CTCs 
and ctDNA were 
explored as noninvasive 
tools, alongside tumor 
biopsies, to assess 
pharmacodynamics and 
early efficacy.

ctDNA, CTC ESR1 droplet digital PCR Stage 4 43

40 Clinical-risk stratification 
with the 21-gene 
recurrence score identifies 
premenopausal women 
who may benefit from 
more effective therapy.

HR+, HER2-, 
axillary node-
negative breast 
cancer

21 genes assay of 21 genes all stages 9427

41 In the current study, 
we developed a cell-
free DNA (cfDNA) 
methylation liquid biopsy 
for the risk assessment of 
early-stage HGSOC

cfDNA HGSOC genes OvaPrint ovarian 
cancer

372

Breast Cancer Subtypes
Liquid biopsy results varied across breast cancer 

subtypes, making it a valuable tool for detecting unique 
mutations and biomarkers. In luminal A breast cancer, 
liquid biopsies target gene mutations linked to hormone 
signaling due to ER and PR expression and low HER2 
levels. For luminal B, which has higher proliferation, 
they may detect alterations tied to faster tumor growth. 
In HER2+ subtypes, liquid biopsies focus on HER2 
gene amplification, while triple-negative subtypes are 
monitored for specific mutations due to the lack of ER, 
PR, and HER2. Data showed that ER+, luminal B, and 
HER2+ subtypes were most frequently tested using 

liquid biopsies.

Breast Cancer Drugs
Breast cancer treatment includes multiple FDA-

approved drugs that block hormones from signaling cancer 
cells to grow and divide. Additionally, several FDA-
approved assays, especially those using next-generation 
sequencing (NGS), assist in breast cancer diagnosis, as 
shown in the Table 2. Most assays target metastatic or 
advanced breast cancer. The samples used are largely 
prospective, observing current cancer patients to evaluate 
outcomes, though some studies also use retrospective 
samples.



Clinical Applications of Liquid Biopsy in High-Risk Women for Breast Cancer

November 2024    Vol. 2 No 4    American Journal of Student Research    www.ajosr.org 78

FUNDING SOURCES

No funds were received to conduct the research or to 
prepare the paper.

DECLARATION OF CONFLICT OF INTERESTS

The author(s) declare that there are no conflicts of 
interest regarding the publication of this article

REFERENCES

1. Autier P, & Boniol M. Mammography screening: A major 
issue in Medicine. European Journal of Cancer. 2018; 90: 
34–62. https://doi.org/10.1016/j.ejca.2017.11.002  

2. Breast cancer statistics | CDC. Centers for Disease Control 
and Prevention. (n.d.-b). https://www.cdc.gov/cancer/
breast/statistics/index.htm (accessed on 2024-3-10) 

3. Connal S, Cameron JM, Sala A, et al. Liquid biopsies: the 
future of cancer early detection. J Transl Med. 2023; 21: 
118. https://doi.org/10.1186/s12967-023-03960-8 

4. Emens LA. Breast Cancer Immunotherapy: Facts and 
Hopes. Clinical cancer research : an official journal of the 

DISCUSSION
 
The study aimed to evaluate the current use of liquid 

biopsies for women with breast cancer, focusing on 
potential improvements for detecting and analyzing those 
at high risk. Findings suggest that increased sensitivity 
could be achieved by using multi-modal assays with 
multiple biomarkers. Most research emphasizes improving 
liquid biopsy efficiency, and combining biomarkers 
could advance early-stage breast cancer detection. The 
importance of preanalytical factors—such as blood tube 
collection, DNA extraction, and library preparation—was 
also highlighted. Research indicates that late-stage cancers 
have higher tumor fractions, while early-stage tumors 
often show less than 1% ctDNA, underscoring the need 
for greater sensitivity. The field has shifted from PCR-
based approaches to next-generation sequencing, which 
offers higher sensitivity by sequencing multiple samples 
simultaneously. In the coming years, advancements in 
technologies like DNA sequencing and metabolomics 
should improve the sensitivity of circulating tumor cells 
(CTCs), increasing liquid biopsy reliability for detecting 
breast cancer in high-risk women.

Table 2. Current Breast Cancer Drugs that are FDA-Approved

Test Company Cancer 
Type Biomarkers Intended Use Technology Year Matrix

CT enumeration 
CellSearch®

Menarini 
Silicon 
Biosystems

Metastatic 
Breast

ÇTC detection 
(CK*/DAPI*/
CO45)

Prognostic 
significance

Ep-CAM based CIC 
enrichment & CIC 
detection with IF

2004 Whole 
blood

therascreen® 
PIK3CA RGQ 
PCR Kit

Qiagen Advanced or 
Metastatic

PIK3CA 
mutations

CDx for alpelisib 
(PIQRAY, Novartis)

real time PCR 2019 Plasma

FoundationOne* 
Liquid CDx

Foundation 
One

Advanced or 
Metastatic

PIK3CA 
mutations

CDx for alpelisib 
(PIQRAY, Novartis)

NGS 2020 Plasma

Guardant360 
CDx assay

Guardant 
Health

All Solid 
Cancers 
(including 
breast)

SNVs. Indels, 
amplifications, 
and fusions in 55 
genes

Comprehensive 
genomic profiling 
(CGP)

NGS 2020 Plasma

CTC isolation / 
enrichment

ANGLE Metastatic Different 
biomarkers

CTC isolation size-based 
enrichment 
microfluidics

2022 Whole 
blood

Guardant360 
CDx assay

Guardant 
Health

Advanced or 
Metastatic

ESR1 mutations CDx for elacestrant 
(ORSERDU, 
Menarini)

NGS 2023 Plasma



Clinical Applications of Liquid Biopsy in High-Risk Women for Breast Cancer

November 2024    Vol. 2 No 4    American Journal of Student Research    www.ajosr.org 79

L, Carey LA, Forero-Torres A, Ingle JN, Lin NU, Nanda R, 
Storniolo AM, Tulac S, Venkatesan N, Wu NC, Marla S, 
Campbell S, Bates M, Umbricht CB, Wolff AC & Sukumar 
S. Evaluation of a Liquid Biopsy-Breast Cancer Methylation 
(LBx-BCM) Cartridge Assay for Predicting Early Disease 
Progression and Survival: TBCRC 005 Prospective Trial. 
Clinical cancer research : an official journal of the 
American Association for Cancer Research. 2023; 29 (4): 
784–790. https://doi.org/10.1158/1078-0432.CCR-22-2128

17. Fuentes-Antrás J, Martínez-Rodríguez A, Guevara-Hoyer 
K, López-Cade I, Lorca V, Pascual A, de Luna A, Ramírez-
Ruda C, Swindell J, Flores P, Lluch A, Cescon DW, Pérez-
Segura P, Ocaña A, Jones F, Moreno F, García-Barberán V 
& García-Sáenz JÁ. Real-World Use of Highly Sensitive 
Liquid Biopsy Monitoring in Metastatic Breast Cancer 
Patients Treated with Endocrine Agents after Exposure to 
Aromatase Inhibitors. International journal of molecular 
sciences. 2023; 24 (14): 11419. https://doi.org/10.3390/
ijms241411419

18. Nakai M, Yamada T, Sekiya K, Sato A, Hankyo M, 
Kuriyama S, Takahashi G, Kurita T, Yanagihara K, 
Yoshida H, Ohashi R & Takei H. Use of Liquid Biopsy 
to Detect PIK3CA Mutation in Metastatic Breast Cancer. 
Journal of Nippon Medical School = Nippon Ika Daigaku 
zasshi. 2022; 89 (1): 66–71. https://doi.org/10.1272/jnms.
JNMS.2022_89-107

19. Huai J, Cao M, Jiang Y, Yang X, Zhu Y, Si Y, Xu M, 
Shen C, Han T & Lian X. Evaluation of Liquid Biopsy 
in Patients with HER2-Positive Breast Cancer. BioMed 
research international. 2021; 2021: 6388492. https://doi.
org/10.1155/2021/6388492 (Retraction published Biomed 
Res Int. 2024 Mar 20;2024:9874954)

20. Keup C, Suryaprakash V, Hauch S, Storbeck M, Hahn P, 
Sprenger-Haussels M, Kolberg HC, Tewes M, Hoffmann 
O, Kimmig R & Kasimir-Bauer S. Integrative statistical 
analyses of multiple liquid biopsy analytes in metastatic 
breast cancer. Genome medicine. 2021; 13 (1): 85. https://
doi.org/10.1186/s13073-021-00902-1

21. de Souza CP, Alves B, Waisberg J, Fonseca F, Carmo 
AO & Gehrke F. Detection of COX-2 in liquid biopsy 
in patients with breast cancer. Journal of clinical 
pathology. 2020; 73 (12): 826–829. https://doi.org/10.1136/
jclinpath-2020-206576

22. Shaheed SU, Tait C, Kyriacou K, Mullarkey J, Burrill W, 
Patterson LH, Linforth R, Salhab M & Sutton CW. Nipple 
aspirate fluid-A liquid biopsy for diagnosing breast health. 
Proteomics. Clinical applications. 2017; 11 (9-10): 1700015. 
https://doi.org/10.1002/prca.201700015

23. Tsuji J, Li T, Grinshpun A, Coorens T, Russo D, Anderson 
L, Rees R, Nardone A, Patterson C, Lennon NJ, Cibulskis 
C, Leshchiner I, Tayob N, Tolaney SM, Tung N, McDonnell 
DP, Krop IE, Winer EP, Stewart C, Getz G, … Jeselsohn 
R. Clinical Efficacy and Whole-Exome Sequencing of 

American Association for Cancer Research. 2018; 24 (3): 
511–520. https://doi.org/10.1158/1078-0432.CCR-16-3001

5. Harbeck N & Gnant M. Breast cancer. The Lancet. 2017; 
389 (10074): 1134–1150. https://doi.org/10.1016/s0140-6736 
(16)31891-8 

6. Lone SN, Nisar S, Masoodi T, et al. Liquid biopsy: a step 
closer to transform diagnosis, prognosis and future of 
cancer treatments. Mol Cancer. 2022; 21: 79. https://doi.
org/10.1186/s12943-022-01543-7

7. Mazzitelli C, Santini D, Corradini AG, Zamagni C, Trerè 
D, Montanaro L & Taffurelli M. Liquid biopsy in the 
management of breast cancer patients: Where are we now 
and where are we going. Diagnostics. 2023; 13 (7): 1241. 
https://doi.org/10.3390/diagnostics13071241 

8. NCI Dictionary of Cancer terms. Comprehensive Cancer 
Information - NCI. (n.d.). https://www.cancer.gov/
publications/dictionaries/cancer-terms/def/liquid-biopsy  
(accessed on 2024-2-26) 

9. Noor J, Chaudhry A, Noor R & Batool S. Advancements 
and applications of liquid biopsies in oncology: A narrative 
review. Cureus. 2023. https://doi.org/10.7759/cureus.42731 

10. Tay TKY & Tan PH. Liquid Biopsy in Breast Cancer: 
A Focused Review. Archives of pathology & laboratory 
medicine. 2021; 145 (6): 678–686. https://doi.org/10.5858/
arpa.2019-0559-RA

11. Tunik M, Cohen Y, Uziely B & Grinshpun A. Harefuah. 
2022; 161 (4): 239–244.

12. Manoochehri M, Borhani N, Gerhäuser C, Assenov Y, 
Schönung M, Hielscher T, Christensen BC, Lee MK, Gröne 
HJ, Lipka DB, Brüning T, Brauch H, Ko YD & Hamann 
U. DNA methylation biomarkers for noninvasive detection 
of triple-negative breast cancer using liquid biopsy. 
International journal of cancer. 2023; 152 (5): 1025–1035. 
https://doi.org/10.1002/ijc.34337

13. Stergiopoulou D, Markou A, Strati A, Zavridou M, 
Tzanikou E, Mastoraki S, Kallergi G, Georgoulias V & 
Lianidou E. Comprehensive liquid biopsy analysis as a tool 
for the early detection of minimal residual disease in breast 
cancer. Scientific reports. 2023; 13 (1): 1258. https://doi.
org/10.1038/s41598-022-25400-1

14. Sivakumar S, Jin DX, Tukachinsky H, Murugesan K, 
McGregor K, Danziger N, Pavlick D, Gjoerup O, Ross JS, 
Harmon R, Chung J, Decker B, Dennis L, Frampton GM, 
Molinero L, Oesterreich S, Venstrom JM, Oxnard GR, 
Hegde PS & Sokol ES. Tissue and liquid biopsy profiling 
reveal convergent tumor evolution and therapy evasion in 
breast cancer. Nature communications. 2022; 13 (1): 7495. 
https://doi.org/10.1038/s41467-022-35245-x

15. Yoo TK. Liquid Biopsy in Breast Cancer: Circulating 
Tumor Cells and Circulating Tumor DNA. Advances in 
experimental medicine and biology. 2021; 1187: 337–361. 
https://doi.org/10.1007/978-981-32-9620-6_17

16. Visvanathan K, Cope L, Fackler MJ, Considine M, Sokoll 



Clinical Applications of Liquid Biopsy in High-Risk Women for Breast Cancer

November 2024    Vol. 2 No 4    American Journal of Student Research    www.ajosr.org 80

Liquid Biopsies in a Phase IB/II Study of Bazedoxifene and 
Palbociclib in Advanced Hormone Receptor-Positive Breast 
Cancer. Clinical cancer research : an official journal of 
the American Association for Cancer Research. 2022; 28 
(23): 5066–5078. https://doi.org/10.1158/1078-0432.CCR-
22-2305

24. Malorni L, Bianchini G, Caputo R, Zambelli A, Puglisi 
F, Bianchi GV, Del Mastro L, Paris I, Montemurro F, 
Allegrini G, Colleoni M, Tamberi S, Zamagni C, Cazzaniga 
ME, Orditura M, Guarneri V, Castelletti D, Benelli M, Di 
Marino M, Arpino G, … De Laurentiis M. Serum thymidine 
kinase activity in patients with HR-positive/HER2-
negative advanced breast cancer treated with ribociclib 
plus letrozole: Results from the prospective BioItaLEE 
trial. European journal of cancer (Oxford, England : 1990). 
2023; 186: 1–11. https://doi.org/10.1016/j.ejca.2023.03.001

25. Corné J, Quillien V, Callens C, Portois P, Bidard FC, 
Jeannot E, Godey F, Le Du F, Robert L, Bourien H, Brunot 
A, Crouzet L, Perrin C, Lefeuvre-Plesse C, Diéras V & 
de la Motte Rouge T. Development of sensitive and robust 
multiplex digital PCR assays for the detection of ESR1 
mutations in the plasma of metastatic breast cancer patients. 
Clinica chimica acta; international journal of clinical 
chemistry. 2023; 545: 117366. https://doi.org/10.1016/j.
cca.2023.117366

26. Lasham A, Fitzgerald SJ, Knowlton N, Robb T, Tsai P, 
Black MA, Williams L, Mehta SY, Harris G, Shelling AN, 
Blenkiron C & Print CG. A Predictor of Early Disease 
Recurrence in Patients With Breast Cancer Using a Cell-
free RNA and Protein Liquid Biopsy. Clinical breast 
cancer. 2020; 20 (2): 108–116. https://doi.org/10.1016/j.
clbc.2019.07.003

27. Søiland H, Janssen EAM, Helland T, Eliassen FM, Hagland 
M, Nordgård O, Lunde S, Lende TH, Sagen JV, Tjensvoll K, 
Gilje B, Jonsdottir K, Gudlaugsson E, Lode K, Hagen KB, 
Gripsrud BH, Lind R, Heie A, Aas T, Austdal M, … PBCB-
study group. Liquid biopsies and patient-reported outcome 
measures for integrative monitoring of patients with early-
stage breast cancer: a study protocol for the longitudinal 
observational Prospective Breast Cancer Biobanking 
(PBCB) study. BMJ open. 2022; 12 (4): e054404. https://
doi.org/10.1136/bmjopen-2021-054404

28. Fackler MJ, Tulac S, Venkatesan N, Aslam AJ, de Guzman 
TN, Mercado-Rodriguez C, Cope LM, Downs BM, Vali 
AH, Ding W, Lehman J, Denbow R, Reynolds J, Buckley 
ME, Visvanathan K, Umbricht CB, Wolff AC, Stearns 
V, Bates M, Lai EW, … Sukumar S. Development of an 
automated liquid biopsy assay for methylated markers in 
advanced breast cancer. Cancer research communications. 
2022; 2 (6): 391–401. https://doi.org/10.1158/2767-9764.crc-
22-0133

29. Werner B, Yuwono N, Duggan J, Liu D, David C, Srirangan 
S, Provan P, INOVATe Investigators, DeFazio A, Arora V, 

Farrell R, Lee YC, Warton K & Ford C. Cell-free DNA 
is abundant in ascites and represents a liquid biopsy of 
ovarian cancer. Gynecologic oncology. 2021; 162 (3): 720–
727. https://doi.org/10.1016/j.ygyno.2021.06.028

30. Akkiprik M, Koca S, Uğurlu MÜ, Ekren R, Peker Eyüboğlu 
İ, Alan Ö, Erzik C, Güllü Amuran G, Telli TA, Güllüoğlu 
MB, Sezerman U & Yumuk PF. Response Assessment 
With Molecular Characterization of Circulating Tumor 
Cells and Plasma MicroRNA Profiling in Patients With 
Locally Advanced Breast Cancer During Neoadjuvant 
Chemotherapy. Clinical breast cancer. 2020; 20 (4): 332–
343.e3. https://doi.org/10.1016/j.clbc.2020.02.006

31. Galardi F, De Luca F, Biagioni C, Migliaccio I, Curigliano 
G, Minisini AM, Bonechi M, Moretti E, Risi E, McCartney 
A, Benelli M, Romagnoli D, Cappadona S, Gabellini S, 
Guarducci C, Conti V, Biganzoli L, Di Leo A & Malorni 
L. Circulating tumor cells and palbociclib treatment in 
patients with ER-positive, HER2-negative advanced breast 
cancer: results from a translational sub-study of the TREnd 
trial. Breast cancer research: BCR. 2021; 23 (1): 38. https://
doi.org/10.1186/s13058-021-01415-w

32. Jacot W, Cottu P, Berger F, Dubot C, Venat-Bouvet L, 
Lortholary A, Bourgeois H, Bollet M, Servent V, Luporsi 
E, Espié M, Guiu S, D’Hondt V, Dieras V, Sablin MP, 
Brain E, Neffati S, Pierga JY & Bidard FC. Actionability 
of HER2-amplified circulating tumor cells in HER2-
negative metastatic breast cancer: the CirCe T-DM1 trial. 
Breast cancer research: BCR. 2019; 21 (1): 121. https://doi.
org/10.1186/s13058-019-1215-z

33. Horimoto Y, Tokuda E, Murakami F, Uomori T, Himuro T, 
Nakai K, Orihata G, Iijima K, Togo S, Shimizu H & Saito 
M. Analysis of circulating tumour cell and the epithelial 
mesenchymal transition (EMT) status during eribulin-
based treatment in 22 patients with metastatic breast 
cancer: a pilot study. Journal of translational medicine. 
2018; 16 (1): 287. https://doi.org/10.1186/s12967-018-1663-8

34. Ligthart ST, Bidard FC, Decraene C, Bachelot T, Delaloge 
S, Brain E, Campone M, Viens P, Pierga JY & Terstappen 
LW. Unbiased quantitative assessment of Her-2 expression 
of circulating tumor cells in patients with metastatic and 
non-metastatic breast cancer. Annals of oncology : official 
journal of the European Society for Medical Oncology. 
2013; 24 (5): 1231–1238. https://doi.org/10.1093/annonc/
mds625

35. Kepesidis KV, Bozic-Iven M, Huber M, Abdel-Aziz N, 
Kullab S, Abdelwarith A, Al Diab A, Al Ghamdi M, Hilal 
MA, Bahadoor MRK, Sharma A, Dabouz F, Arafah M, 
Azzeer AM, Krausz F, Alsaleh K, Zigman M & Nabholtz 
JM. Breast-cancer detection using blood-based infrared 
molecular fingerprints. BMC cancer. 2021; 21 (1): 1287. 
https://doi.org/10.1186/s12885-021-09017-7

36. Myint KZY, Shimabuku M, Horio R, Kaneda M, Shimizu 
Y & Taguchi J. Identification of circulating tumour DNA 



Clinical Applications of Liquid Biopsy in High-Risk Women for Breast Cancer

November 2024    Vol. 2 No 4    American Journal of Student Research    www.ajosr.org 81

(ctDNA) from the liquid biopsy results: Findings from an 
observational cohort study. Cancer treatment and research 
communications. 2023; 35: 100701. https://doi.org/10.1016/j.
ctarc.2023.100701

37. Lee CH, Hsieh JC, Wu TM, Yeh TS, Wang HM, Lin YC, 
Chen JS, Lee CL, Huang WK, Hung TM, Yen TT, Chan 
SC, Chou WC, Kuan FC, Hu CC & Chang PH. Baseline 
circulating stem-like cells predict survival in patients with 
metastatic breast Cancer. BMC cancer. 2019; 19 (1): 1167. 
https://doi.org/10.1186/s12885-019-6370-1

38. Lazzeroni M, Guerrieri-Gonzaga A, Gandini S, Johansson 
H, Serrano D, Cazzaniga M, Aristarco V, Macis D, Mora 
S, Caldarella P, Pagani G, Pruneri G, Riva A, Petrangolini 
G, Morazzoni P, DeCensi A & Bonanni B. A Presurgical 
Study of Lecithin Formulation of Green Tea Extract in 
Women with Early Breast Cancer. Cancer prevention 
research (Philadelphia, Pa.). 2017; 10 (6): 363–370. https://
doi.org/10.1158/1940-6207.CAPR-16-0298

39. Paoletti C, Schiavon G, Dolce EM, Darga EP, Carr TH, 
Geradts J, Hoch M, Klinowska T, Lindemann J, Marshall 
G, Morgan S, Patel P, Rowlands V, Sathiyayogan N, Aung 
K, Hamilton E, Patel M, Armstrong A, Jhaveri K, Im 
SA, … Hayes DF. Circulating Biomarkers and Resistance 

to Endocrine Therapy in Metastatic Breast Cancers: 
Correlative Results from AZD9496 Oral SERD Phase I 
Trial. Clinical cancer research : an official journal of the 
American Association for Cancer Research. 2018; 24 (23): 
5860–5872. https://doi.org/10.1158/1078-0432.CCR-18-
1569

40. Sparano JA, Gray RJ, Ravdin PM, Makower DF, Pritchard 
KI, Albain KS, Hayes DF, Geyer CE, Jr, Dees EC, Goetz 
MP, Olson JA, Jr, Lively T, Badve SS, Saphner TJ, Wagner 
LI, Whelan TJ, Ellis MJ, Paik S, Wood WC, Keane MM, … 
Sledge GW, Jr. Clinical and Genomic Risk to Guide the Use 
of Adjuvant Therapy for Breast Cancer. The New England 
journal of medicine. 2019; 380 (25): 2395–2405. https://doi.
org/10.1056/NEJMoa1904819

41. Buckley DN, Lewinger JP, Gooden G, Spillman M, 
Neuman M, Guo XM, Tew BY, Miller H, Khetan VU, 
Shulman LP, Roman L & Salhia B. OvaPrint-A Cell-free 
DNA Methylation Liquid Biopsy for the Risk Assessment 
of High-grade Serous Ovarian Cancer. Clinical cancer 
research : an official journal of the American Association 
for Cancer Research. 2023; 29 (24): 5196–5206. https://doi.
org/10.1158/1078-0432.CCR-23-1197  


