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Liquid-based biomarkers in breast cancer: 
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Abstract 

In recent decades, using circulating tumor cell (CTC), circulating tumor DNA (ctDNA), circulating tumor RNA (ctRNA), 
exosomes and etc. as liquid biomarkers has received enormous attention in various tumors, including breast 
cancer (BC). To date, efforts in the area of liquid biopsy predominantly focus on the analysis of blood-based mark-
ers. It is worth noting that the identifications of markers from non-blood sources provide unique advantages 
beyond the blood and these alternative sources may be of great significance in offering supplementary informa-
tion in certain settings. Here, we outline the latest advances in the analysis of non-blood biomarkers, predominantly 
including urine, saliva, cerebrospinal fluid, pleural fluid, stool and etc. The unique advantages of such testings, their 
current limitations and the appropriate use of non-blood assays and blood assays in different settings are further 
discussed. Finally, we propose to highlight the challenges of these alternative assays from basic to clinical implemen-
tation and explore the areas where more investigations are warranted to elucidate its potential utility.

Keywords Circulating tumor cell, Circulating tumor DNA, Circulating tumor RNA, Exosome, Breast cancer, Liquid 
biopsy, Non-blood biomarker, Cancer diagnosis and therapeutics

Introduction
Breast cancer (BC) has emerged as a major health issue 
worldwide [1, 2]. For females, BC was the leading cause 
of cancer incidence in 157 countries and deaths in 119 
countries [3]. According to the latest cancer statistics, BC, 
lung cancer and colorectal cancer(CRC) accounts for 51% 
of all new diagnosed cases among females in the United 
States, with BC alone accounting for almost one-third 

[4]. It is estimated to be 287,850 newly-diagnosed BC 
cases and 43,250 BC-related deaths in 2022 [4]. Current 
treatments for BC mainly include surgical procedure, 
chemotherapy, targeted therapy, radiotherapy, endocrine 
therapy, immunotherapy and etc. [5–8]. However, a third 
of BC patients may have relapses, metastasis and chemo-
therapy resistance, which highlights the importance of 
promising biomarkers and therapeutic agents to improve 
early detection and treatment [7, 9]. The explosion in 
therapeutic approaches for BC could facilitate the devel-
opment of personalized medicine project.

Recently, liquid biopsy has achieved much attention in 
recent years [10–13]. It is determined that this promis-
ing alternative method exhibits its unique superiority 
as compared with conventional sampling biopsy, espe-
cially for tumor patients that are anatomically hard to 
sample directly [13–15]. Malignancy in the breast tis-
sue is heterogeneous and broadly classified into differ-
ent subtypes [16, 17]. In detail, the molecular subtyping 
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of BC relies on the examination of crucial tumor mark-
ers through immunohistochemistry tests, such as estro-
gen receptor(ER), progesterone receptor (PR), HER2, 
Ki-67 and etc. (Table  1). ER and PR are nuclear steroid 
receptors that promote the growth of both normal and 
malignant breast epithelial cells, and their expression is 
observed in around 75% of breast cancers [18]. Patients 
who are ER/PR + usually exhibit lower tumor grades, less 
aggressiveness, and respond to hormone therapy [19]. 
Around 15% of BC patients exhibit HER2 overexpres-
sion, which correlates with aggressive clinical progres-
sion and poor prognosis [20]. The remaining 10 to 15% of 
BC patients are referred to triple-negative breast cancer 
(TNBC) without positive expression of these three mark-
ers, who are typically high-grade and associated with a 
poorer prognosis [21]. Evidence has highlighted the close 
association between molecular classifications of BC and 
patient survival and treatment response, which has been 
shown in Table 1 and also roundly summarized in other 
reviews [18, 22]. Recently, the approach of liquid biopsy 
could also address problems concerning insufficient rep-
resentativeness [14, 23, 24]. It is highlighted that liquid 
biopsies enable the repeated collection and longitudinal 
tracking of dynamic alterations, owing to its feasibility 
and non-invasiveness [14, 25].

Emerging evidence has suggested the usage of liq-
uid biopsy in identifying novel biomarkers found within 
biological fluids, including circulating tumor cell(CTC), 
circulating tumor DNA (ctDNA), circulating tumor 
RNA (ctRNA), exosomes, proteins and etc., which 
could amplify the underlying tumor biology [26–30] 
(Fig.  1).  The advances of liquid biopsies shed new light 
on the genetic landscape of malignant tumors and pave 
the way for disease monitoring, treatment efficacy, early 
detection and prognosis prediction [14]. The implica-
tion of this highly-repeatable and relatively non-invasive 
approach facilitates ongoing tracking of disease progress 
and seems promising to circumvent tumor heteroge-
neity [14, 17]. Detecting the dynamics of liquid-based 
biomarkers is of significant importance in early detec-
tion, continuous tracking of the therapeutic efficacy and 

identification of candidate patients who may exhibit posi-
tive therapeutic effects [31] (Fig. 2, Table 2). The identifi-
cation of the mutation of specific gene, such as those in 
the BRCA1 or BRCA2, may represent a heightened risk 
of developing BC, thus identifying individuals who need 
to be closely monitored [32]. It is worth highlighting the 
great advancements made in liquid biopsy with the intro-
duction of the Guardant360 CDx platform [33]. It is dedi-
cated to isolating and detecting cancer-specific ctDNA 
[33, 34]. For BC patients with ESR1-LBD mutations, it has 
been shown to develop resistance to standard endocrine 
therapy, resulting in uncontrolled disease proliferation 
[35]. Most currently, food and drug administration (FDA) 
has granted approval to Guardant360 CDx for the initial 
time as a companion diagnostic device for ER + /HER2- 
metastatic BC with ESR1 mutation [34]. The recent FDA 
permission for Guardant360 CDx as a groundbreaking 
blood-based liquid biopsy for diagnosing BC, along with 
the approval of elacestrant (SERD) for its therapy, signi-
fies a great advancement [34]. Additionally, it has been 
shown that ctDNA dynamics impact critical functions 
on monitoring minimal residual disease, providing early 
indicators of potential disease recurrence, as well as guid-
ing therapeutic strategies. For instance, the determina-
tion of HER2 amplification through liquid biopsy could 
suggest that this group of BC patients may benefit from 
targeted therapies using drugs like trastuzumab [20, 36]. 
The continuous acquisition of genetic changes from BC 
patients may enable the adaptation of treatment strate-
gies as the cancer evolves and the customization of the 
treatment plan accordingly. Overall, appropriate appli-
cation of liquid biopsy could capture the unique genetic 
information to improve early detection and to monitor 
relapse and responses to treatment, thereby contributing 
to the development of precision medicine project.

To date, most of the efforts in the area of liquid biopsy 
focus on the analysis of blood-based biomarkers. Tech-
nological advancements also prompt and support the 
identification and analysis of effective biomarkers from 
non-blood sources, such as urine, cerebrospinal fluid 
(CSF), saliva, pleural and peritoneal fluid and stool 

Table 1 Breast cancer subtypes category

Breast cancer subtypes Subcategories Receptor profile Subtype 
prevalence 
(%)

Hormone positive Luminal A ER + or PR + , HER2-, KI67 < 14% 75

Luminal B ER + or PR + , HER2-,KI67 > 14%
ER + or PR + , HER2 + 

HER2 positive HER2 + 15

Triple negative breast cancer ER − , PR − and HER2 − 10–15
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[37–42]. It is worth noting that the identifications of cir-
culating markers from non-blood sources provide unique 
advantages beyond the blood and these alternative 
sources may be of great significance in offering supple-
mentary information in certain settings. In this Review, 
we outline the latest advancements in liquid biopsy based 
biomarkers from non-blood biological fluids, and their 
unique advantages and/or complementary roles in BC. 

Finally, we also explore the challenges of these alternative 
assays from basic to clinical use.

Technologies for liquid biopsies
Technologies for detecting CTCs
The advances of current technologies enable the identi-
fication of CTCs in bodily fluids and improve the sensi-
tivity and precision of detection [43, 44]. The process of 

Fig. 1 Non-blood sources and techniques of liquid biopsies. A. Examples of breast cancer that can be investigated using non-blood sources 
of ctDNA. B–G. Techniques for extraction or analysis of liquid biopsy biomarkers in Breast cancer
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CTC determination involves three main steps, includ-
ing enrichment, detection, and analysis.

The CTC enrichment techniques involve physical and 
immunomagnetic enrichment. The physical enrichment 
method can be utilized to separate CTCs based on their 
physical properties, such as size, density, mechanics 
etc. [45, 46]. The immunomagnetic enrichment method 
can be divided into immunomagnetic bead method and 
immunoadsorption method using a microfluidic chip. 
Immunomagnetic bead method relies on immunologi-
cal antibodies, utilizing specific antibodies to bind to 
antigens on the CTC surface for specific CTC capture 
[47]. This approach encompasses positive enrichmen 
using antibodies targeting tumor-related antigens and 
negative enrichment using antibodies against com-
mon leukocyte antigens CD52 [45]. A hallmark of posi-
tive enrichment is the CellSearch system, which was 
the first technology approved by the FDA for CTC 
detection. It utilizes the principle of immunomagnetic 
separation, where EpCAM (epithelial cell adhesion 
molecule) bound to magnetic beads containing spe-
cific antibodies [48]. Under the influence of an exter-
nal magnetic field, this process leads to the diversion 
of CTCs, achieving their separation and purification. 
Recent years, several new methods have emerged, such 
as AdnaTest, MagSweeper and etc. [49, 50]. Negative 
enrichment strategies for isolating CTCs involve the 
removal or depletion of blood components other than 
CTCs, leaving the CTCs behind for subsequent analy-
sis [51]. Microfluidic chip-based enrichment leverages 
microscale fluid dynamics and engineering principles 
to effectively capture and isolate CTCs [52]. Devices 
such as the ‘CTC-Chip’ contain thousands of antibody-
labeled microcolumns and have been used to capture 

CTCs containing specific tumor antigens from LB sam-
ples [53].

Technology for CTC detection and analysis include 
conventional techniques like polymerase chain reac-
tion (PCR) and cell protein detection methods, such as 
immunofluorescence, immunohistochemistry, and fluo-
rescence in situ hybridization (FISH). Among these, PCR, 
particularly quantitative real-time PCR, remains the 
most widely employed technology [54–56].

Technologies for detecting ctDNA
Owing to the low levels and short half-life of ctDNA/
cfDNA in the body, there is an urgent need for sensitive 
and specific detection methods, which are divided into 
PCR-based and NGS-based techniques.

PCR is the most widely used method, and techniques 
based on PCR include standard quantitative PCR (qPCR), 
digital PCR (dPCR), digital polymerase chain reaction 
(ddPCR), allele specific PCR (AS-PCR), methylation-
specific PCR (MS-PCR), beads, emulsion, amplification, 
and magnetics (BEAMing), ARMS [57–59]. While PCR-
based methods offer higher sensitivity and cost-effec-
tiveness, they have limitations in detecting mutations, 
driving the advancement of NGS technology.

NGS-based assays are classified into targeted and 
untargeted categories, including targeted NGS tech-
niques like tagged-amplicon deep sequencing (TAm-Seq) 
and cancer personalized profiling by deep sequenc-
ing (CAPP-Seq). TAm-Seq provides accurate mutation 
identification and characterization, with the ability to 
detect DNA levels as low as 2% through primer tagging 
and genomic sequence analysis [60]. CAPP-Seq tech-
nology has high sensitivity and specificity. Among non-
small cell lung cancer (NSCLC) patients, the mutational 

Fig. 2 Components and clinical application of non-blood-derived liquid biopsy in breast cancer patients
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component of ctDNA can be detected with high speci-
ficity (approximately 95%) at levels as low as 0.02% [61]. 
At present, the FDA has granted the approval to two 
ctDNA testing platforms, Guardant 360 and Foundation 
One, for identifying genomic alterations in advanced 
solid malignancies, and their performances utilize NGS 
to analyze ctDNA/cfDNA dynamics and mutations [34, 
62]. Even though targeted ctDNA analysis can detect 
certain mutations in patients, it cannot detect unknown 
mutations. Untargeted NGS, such as whole exome 
sequencing (WES) and whole genome sequencing, have 
the capability to detect all tumor mutations in patients 
and facilitate large structural variant detection, as well as 
whole-genome copy number analysis [63, 64]. Untargeted 
NGS shows great potential in comprehensively evaluat-
ing tumor mutations, but its drawbacks are low sensitiv-
ity and high cost.

Technologies for detecting ctRNA
The detection of ctRNA is typically performed using 
techniques such as qRT-PCR, ddPCR, methylation-spe-
cific quantitative PCR (qMSP), and NGS. Among them, 
qRT-PCR and ddPCR are employed for verifying gene 
expression [65, 66]. Notably, methylation level analysis 
has been applied to ctRNA in the past five years, though 
yielding less significant results than DNA [67]. NGS pro-
vides valuable insights into RNA transcripts, facilitating 
the understanding concerning tumor heterogeneity and 
gene expression patterns [68].

Technologies for detecting exosomes
The distinctive formation and delivery processes of 
exosomes make their efficient and pure isolation chal-
lenging in liquid biopsies. In addition, as tumor exosomes 
make up only a small fraction of all exosomes in bodily 
fluids, the detection process also requires high sensitivity 
and specificity [69].

The separation of exosomes is primarily based on their 
characteristics, including density, size, surface composi-
tion, and exosome precipitation. Several methods have 
been developed for the separation and detection of exo-
some proteins and nucleic acids [70]. Ultracentrifuga-
tion (UC) is the gold standard for exosome isolation and 
is the most commonly employed technique, which relies 
on differences in particle density, shape, and size [71]. 
Ultrafiltration (UF) is a simple method based on exosome 
size, offering high purity but limited yield [72]. The com-
bination of UC and UF is now widely adopted, leverag-
ing the advantages of both methods to simplify exosome 
isolation. Size exclusion chromatography (SEC) is a chro-
matographic method used for separating molecules in a 
solution by their size. EVs are washed out from the chro-
matography column pores ahead of other constituents, 

thereby separating them from the rest of the sample [73]. 
The immunomagnetic affinity enrichment uses antibod-
ies targeting tumor-associated proteins (such as CD4, 
GPC-81, and EpCAM) to differentiate exosomes derived 
from cancer cells and those from normal cells [71]. Pre-
cipitation polymer-based isolation and enrichment of 
exosomes rely on the use of highly hydrophilic polymers, 
which reduce the solubility of exosomes and induce their 
precipitation [74].

Traditional methods for exosome detection is to use 
WB or ELISA to detect extracellular membrane pro-
teins or other marker proteins. But this methods is com-
plex and not very sensitive [75]. Novel techniques have 
emerged for exosome detection, such as scanning elec-
tron microscopy, transmission electron microscopy, 
atomic force microscopy, dynamic light scattering, nano-
particle tracking analysis, colorimetric assays, fluores-
cence detection, CRISPR/CAS-assisted detection, single 
exosome detection and etc. [76–83].

In conclusion, liquid biopsy is a powerful tool, and 
the significant advancements in this technology have 
impacted various aspects of precision oncology, ranging 
from early diagnosis to the management of advanced and 
treatment-resistant metastatic diseases.

Technologies for detecting proteins and metabolites
Human blood and urine contain abundant proteins, and 
the majority of clinical tests rely on ELISA as the gold 
standard tool for assessing protein level [84]. ELISA can 
quantify proteins with relatively high sensitivity and a 
wide dynamic detection range. However, ELISA requires 
manual operation using assay kits, and its detection effi-
ciency can not meet the demands of widespread clinical 
applications [84]. Of note, the establishments of auto-
mated protein detection platforms like Luminex xMAP 
and ARCHITECT C4100 have brought about significant 
changes, improving efficiency and convenience [85, 86].

It has been commonly believed that cellular metabo-
lites play a significant role in regulating biosynthesis 
pathways [85, 87]. Currently, the analysis of metabolites is 
primarily dependent on mass spectrometry (MS) meth-
ods, which encompass liquid chromatography-MS (LC–
MS), gas chromatography-MS (GC–MS), matrix-assisted 
laser desorption/ionization-MS (MALDI), and associated 
techniques like ultra-high-performance LC–MS (UPLC-
MS) or headspace solid-phase microextraction coupled 
with GC–MS (HS–SPME–GC–MS) [88, 89]. MS is the 
preferred choice for identifying compound structures in 
complex mixtures due to its ability to accurately meas-
ure compound mass and infer chemical composition 
and structure [89]. MS exhibits remarkable sensitivity 
and specificity in compound detection [89]. In addition, 
nuclear magnetic resonance (NMR) is also a commonly 
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used method for metabolite analysis [90]. While NMR 
exhibits lower sensitivity and specificity compared to MS, 
it can offer more comprehensive structural information 
[91].

CTC 
For patients with suspected breast cancer brain metas-
tasis (BrM), the diagnosis relies on the conventional 
cytology of CSF samples, which was determined as gold 
standard, and/or MRI imaging [92, 93]. The final diag-
nosis is based on the determination of tumor cells in the 
CSF through conventional cytology [92]. Nevertheless, 
the current method exhibits low sensitivity. As for the 
conventional cytology of CSF samples, it is worth noting 
that the efficiency is limited even with the optimal CSF 
sample volume and analysis timing, with the clinical sen-
sitivity of approximately 45% for 1 CSF sample and 85% 
for 3 continual CSF samples. It is worth pointing that, 
despite utilizing the ideal CSF sample volume and tim-
ing for assessment, the efficacy is limited, with the clini-
cal sensitivity of roughly 45% for a single CSF sample and 
85% for three consecutive CSF sample [94–96]. It was 
found that repeated samples are required and essential. 
Moreover, it only allows for the determination of tumor 
cell presence or absence in CSF rather than a quantitative 
assessment of the tumor number. Under such scenarios, 
the use of liquid biopsy sampling could holds considera-
ble importance in verifying the diagnosis of patients with 
BrM to guide patient management.

Emerging evidence uncovered CSF biomarkers to 
occult brain metastasis [97–100]. Of note, CSF CTC 
could function as a promising biomarker to enhance 
novel diagnostics and assessments of therapeutic out-
come, and the achievements of these goals relies on the 
improvements of novel technologies and devices. The 
FDA-approved  CellSearch® System is a medical device 
designed for the detection and enumeration of CTCs in 
peripheral blood. As compared with traditional cytol-
ogy,  CellSearch® System provided superior clinical sen-
sitivity and specificity. In EBC, its CTC detection rates 
are around 20–30%, whereas in metastatic breast cancer 
(MBC), detection rates reach 60–70% [48, 101–104]. The 
identification of CTCs using the CellSearch System is 
achieved by collecting blood, tagging CTCs, separating 
them, and detecting those with specific protein markers 
such as EpCAM. The presence or absence of CTCs in the 
peripheral blood of MBC patients may suggest therapy 
effectiveness and replase. In addition, the implication of 
the CellSearch technique allows for replicable quantifi-
cation of rare malignant cells and CTC detection in CSF, 
which provides clinicians with valuable information to 
assess the medical status of patients, monitor malignant 

progress, and supply more precise strategies for individu-
als [48, 101–104].

An interesting study reported by Amelie et  al. per-
formed a forward-looking research to uncover CSF CTC 
in patients with suspected breast cancer leptomeningeal 
metastases (BCLM) [105]. CSF CTC was detected in all 
patients, which was diagnosed with BCLM using cytol-
ogy (n = 18) [105]. It was demonstrated that detecting at 
least one CTC in CSF corresponded to a sensitivity of 
100% and a specificity of 77.3%, which concurred with 
earlier data and exceeded the performances of CSF cytol-
ogy [105]. In 40.6% of the involved individuals, CTCs 
with HER2-positive status were identified in CSF, even in 
cases initially determined as the HER2-negative (n = 37). 
These results imply the latent necessity to evaluate the 
status of HER2 to open up therapeutic opportunities for 
these patients [105]. Overall, these observations under-
score the potential of increased diagnostic sensitivity in 
detecting LM through the analysis of CSF CTC in liquid 
biopsy. Moreover, it advocates for the consideration of 
HER2 status in patients with BCLM to enhance thera-
peutic options for HER2- patients. Exploring the utilities 
of CTC in BC clinics may be of great significance.

It is elucidated that CTC determination within blood 
sources was correlated with therapeutic response in 
patients with BC [106, 107]. Therefore, additional inves-
tigation and comparison between CSF CTC and blood-
derived CTC may be interesting and promising, which 
are required to be further investigated. The detection of 
CTC using liquid biopsy has revealed significant poten-
tial for capturing global features of tumor characteristics, 
thereby facilitating the precision medicine for patients. 
However, the available techniques of CTC detection dis-
play limitations since the CellSearch system is not totally 
suitable for CSF samples, with the presence of only few 
leukocytes. Meanwhile, the amplification of HER2 gene 
may not be determined by FISH or chromogenic in situ 
hybridization (CISH) in the context without CTC isola-
tion. These characterizations resulted in the failing of 
CTC detection in CSF samples. Moreover, the involve-
ment of larger cohort, particularly patients diagnosed 
with LM, is encouraged in the subsequent research to 
further comprehensively enrich the understandings of 
the clinical value of CSF CTC.

ctDNA
The potential clinical value of DNA within urine has been 
highlighted over the past several decades [108, 109]. Cur-
rently, the advances of using urine has received much 
attention in the field of liquid biopsies, which could sup-
port the non-invasive testing of ctDNA within urine 
and help overcome current issues correlated with tis-
sue biopsy [110, 111]. Further, the acquisition of urine 



Page 9 of 19Shuai et al. Journal of Translational Medicine          (2023) 21:809  

sample is determined to be simple and convenient, and 
the presence of medical professionals is often optional 
and unnecessary. It is notable that the sampling of urine 
provides much convenience for patients and may be ben-
eficial for early diagnosis, disease evaluation and moni-
toring, especially under the context of the COVID-19 
pandemic.

Recently, an interesting study directed by Gege et  al. 
prospectively explored the function of urinary ctDNA, 
involving 300 patients with early breast cancer (EBC) 
and 50 healthy participants [112]. The analysis of base-
line index showed that 38% of patients with EBC were 
detected with either one or both mutations, which can 
be linked to the presence of minimal residual disease 
(MRD), and its consistency with tissue biopsy was 97.3% 
[112]. As compared with healthy controls, a higher uri-
nary ctDNA can be observed in BC patients [112]. For 
the patients with detectable mutations, it was found to 
have higher quantities of urinary DNA at 6-month as well 
as greater risk of recurrence [112]. Moreover, it can be 
noticed that the researchers also explored and confirmed 
the stability of urinary DNA, which may improve the 
accuracy and credibility of the certain research [112]. The 
utility of urinary DNA was determined as a non-inva-
sive procedure to probe MRD and to conduct real-time 
monitoring of recurrence in patients with BC. These data 
revealed that urinary DNA could supplement the existing 
approaches for monitoring cancer relapse and offering 
the prospects of early intervention, further highlighting 
the clinical significance of urinary DNA in patients with 
BC.

Interestingly, emerging studies have concentrated on 
the combined analysis of urinary and plasma ctDNA. 
Henrike et  al. investigated plasma-derived and matched 
urinary DNA samples derived from 15 presurgical tri-
ple-negative breast cancer (TNBC) through targeted 
next-generation sequencing (NGS), thus uncovering the 
genetic alterations in both body fluids [113]. Combined 
analysis of both body fluids may supply different profile 
of TNBC bearing valuable complementary sources, aid-
ing in disease identification and continuous monitor-
ing. In detail, bioinformatic analysis determined 1222 
BC-related genetic variants in plasma-derived cfDNA 
and 2117 variants in urinary cfDNA [113]. A total of 431 
shared genetic variants were observed in both bodily flu-
ids, such as the most frequently pathogenic mutated gene 
NF1, CHEK2, KMT2C, PTEN and etc. [113]. Strikingly, 
the variant of CHEK2 was determined in all 30 samples, 
including 15 plasma and 15 urine sample [113]. These 
observations suggested that urinary cfDNA could be 
complementary information to plasma-derived cfDNA, 
and both plasma-derived and urinary cfDNA from TNBC 
patients are valuable sources to the genetic tumor profile 

and tumor heterogeneity. Overall, the study directed by 
Henrike et  al. uncovered valuable information of both 
plasma-derived and urinary cfDNA in a sufficient man-
ner using targeted sequencing techniques and suggested 
its clinical value as prospective biomarkers for moni-
toring disease and therapeutic efficacy. However, the 
participants in this research cohort was limited, which 
required further involvements to testify the usage of uri-
nary DNA in personalized therapy and enrich the under-
standing regarding tumor heterogeneity in the future. In 
a prospective study, 1455 patients suffering from early-
stage BC are included, which consent to contribute liq-
uid biopsies to detect ctDNA, CTC, and other profiles 
every 6 or 12  months for 11  years [31]. Meanwhile, the 
corresponding data were also required form a control 
group, which consisted of 200 women aging between 25 
and 70 [31]. The identification of effective biomarkers 
using liquid biopsies enabled clinicians to capture the 
information of BC patients at the molecular level and to 
distinguish patients with high risk of relapse, contribut-
ing to the establishment of an inter-disciplinary plat-
form for future scientific and clinical studies. Currently, 
Zuo et  al. provided attractive evidence of probing early 
BC using plasma and urinary circulating cell-free DNA 
[114]. The effective monitoring of early-stage BC plays 
an important role in addressing disease relapse. A total 
of 250 patients with early BC and 50 healthy controls 
were enrolled in this longitudinal analysis, and a strong 
agreement of cfDNA was observed in plasma and urine 
measurements, with a sensitivity of 97%, a specificity of 
100% and overall concordance of 99% [114]. Moreover, 
PIK3CA mutation profiling was also detected in both 
plasma and urinary cfDNA, and the testing results were 
compared with the measurements required form tissue 
samples, with an agreement of 97.2% [114]. The stability 
and consistency of cfDNA was validated in the analysis 
of control group, and its continuous measurements of 
both plasma and urine samples may be of great signifi-
cance in identifying and monitoring BC [114]. It is worth 
noting that the declines were determined in both plasma 
and urinary cfDNA over the six-month serial monitoring, 
which offer valuable information for physicians to strati-
fying patients with higher risk of relapse [114]. This study 
showed a systematic performances of cfDNA in EBC 
through comparing both sample types, and both types of 
samples performed well in different aspects. Urine test-
ing exhibited unique advantages of non-invasive nature 
and accessibility, especially for patients who were hard to 
get biopsy samples and had resistance to invasive proce-
dures. Overall, the utility of cfDNA was highlighted to be 
a sensitive and promising approach for identifying high-
risk individuals and monitoring disease progress in EBC 
patients.
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Another study reported by Liu et  al. also demon-
strated good association of urinary and plasma DNA in 
early BC patients (n = 200) [115]. Moreover, the hazard 
ratio determined at the 9-month was 1.51 that identi-
fied patients at greater risk of relapse and offered valu-
able chances to monitor dynamic alterations in patients 
with early BC [115]. The serial measurement of uri-
nary and plasma DNA could enirch the existing testing 
approaches and supplement the currently-available clini-
cal sources. These data revealed the potential of urinary 
and plasma DNA as effective biomarker for predicting 
the disease progression of BC. The study directed by 
Zhang et al. revealed the significant association between 
the measurement results of urinary and plasma DNA and 
disease relapse in patients with BC [116]. The analysis 
of Receiver operating characteristics curves suggested 
over 0.95 for both results of urinary and plasma DNA as 
compared with the controls, uncovering the clinical diag-
nostic effectiveness of ctDNA derived from blood and 
urine samples [116]. In addition, the maximum decline in 
ctDNA level for plasma and urinary ctDNA were 4.0-fold 
and 6.8-fold, respectively [116]. Patients with lower risk 
of relapse experienced greater declines in tested DNA 
levels, suggesting the potential of urinary and plasma 
DNA in enhancing the prediction of risk [116]. This 
study reported by Zhang et al. used different approaches 
of noninvasive testing and uncovered the applicability of 
ctDNA extracted from blood and urine specimens in the 
context of clinical diagnostics, risk prediction and disease 
recurrence in patients with BC [116].

Overall, it is notable that the analysis of and urinary 
and plasma DNA showed similar features. A larger 
cohort is required to verify their additional clinical appli-
cation value. Researchers should attach more importance 
on investigating urinary DNA for detecting mutation, 
disease monitoring, and prediction of recurrence. The 
unique advantages of liquid biopsy could largely contrib-
ute to the frequent testing and bring much benefits for 
patients, especially for the elderly.

Evidence has demonstrated that nearly all deaths for 
BC are linked to metastasis rather than the primary can-
cer [117, 118]. BrM has been an increasing clinical issue 
closely correlated with cancer-related death. Despite this 
burden, patients with BrM are often disadvantaged by 
the current diagnostic and therapeutic approaches. Cur-
rently, CSF cytology serves as the gold diagnostic test for 
BrM. The advances of the liquid biopsy may bring much 
advances for patients with extracranial malignancies, 
which was expected to function as a promising tool to 
monitor recurrence, therapeutic response and dynamic 
alterations rather than replace the gold standard of tumor 
histology [119–121]. Obtaining tissue samples form 
patients with BrM is extremely challenging, hard and 

potentially dangerous. Thus, it is of great significance to 
uncover the significance of liquid biopsy sampling in pri-
mary central nervous system (CNS) disease and possibly 
secondary spread of CNS.

Recently, an interesting study performed by Amanda 
et  al. investigated ctDNA in the CSF of all 24 patients 
with BCLM through ultra-low-pass whole genome 
sequencing, with the purpose of improving the manage-
ment of patients with relatively poor prognosis [97]. It 
was indicated that ctDNA was detected in all samples 
derived from patients with BCLM, regardless of nega-
tive cytology or borderline MRI imaging [97]. Conversely, 
plasma ctDNA was only determined in patients with 
extracranial disease progression or who had previously 
received whole brain radiotherapy [97]. These findings 
suggested the potential of ctDNA marker for timely and 
accurate diagnosis of BCLM. Importantly, the suppres-
sion of CSF ctDNA was found to be closely associated 
with better survival time during intrathecal therapy, 
and the rising ctDNA lasted as long as 12 weeks prior to 
clinical progression [97]. Indeed, a larger sample size was 
warranted. Further, an adequate panel of control includ-
ing patients with or without BCLM and patients with 
nonmalignant brain conditions was required to improve 
the current study design. Overall, the quantification of 
ctDNA fraction as an effective biomarker could show 
great promise in precise diagnosis of BCLM and moni-
toring of therapeutic response, thereby improving the 
clinical management and prognostic condition.

Another study reported by Giulia et al. uncovered the 
genotyping tumor DNA in CSF and plasma of a HER2-
positive BC patients with brain metastasis [122]. The 
droplet digital PCR (ddPCR) and next-generation whole 
exome sequencing (WES) analysis was implicated to 
measure dynamic alterations of ctDNA in CSF and 
plasma, which could represent a minimally invasive and 
highly sensitive method to identify metastatic tumor 
[122]. In this clinical scenario, the dynamic alterations of 
ctDNA level within plasma and CSF yielded more valu-
able information as compared to the traditional imaging 
methods for disease monitoring. Post-treatment deter-
mination revealed impaired ctDNA level in plasma [122]. 
Meanwhile, the increase of post-therapy ctDNA was 
observed in the CSF, which verified limited therapeutic 
advantage in the CNS [122]. Overall, the certain level of 
CSF ctDNA corresponded to the changes in tumor bur-
den, illuminating potential advantages in terms of sen-
sitivity over traditional imaging methods. The patients 
with HER2-positive metastatic BC frequently displayed 
varying therapeutic response in CNS and non-CNS 
regions. Analyzing CSF ctDNA may function as a pro-
spective method for tracking disease progression and 
treatment response, especially in cases of CNS lesions. 
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Utilizing paired liquid biopsies from plasma and CSF 
may offer precious insights into the optimized manage-
ment of HER2-positive BC patients with brain metasta-
sis. These findings may be of great significance to identify 
biomarkers for tracking disease progression and trea-
ment response in patients with BrM.

ctRNA
Previous evidence has demonstrated the emergence of 
circulating RNA within blood sources [123–125]. It is 
worth noting that the abundance of ctRNA in non-blood 
sources of samples from BC patients. A striking study 
directed by Thalia et  al. offered the data of BC-related 
miRNA levels in urine and determined their diagnostic 
potential [126]. The analysis results elucidated the four 
most altered urinary miRNA in BC as compared with 
controls, including miR-21, miR-125b, miR-155 and 
miR-451, with an AUC of 0.887 [126]. These observa-
tions showed typical expression patterns of miRNAs in 
the urine of patients with BC, providing support for the 
clinical potential of urinary miRNA as innovative bio-
markers for BC screening. Nonetheless, considering the 
limited sample size in this pilot study, more extensive 
investigations were warranted to validate these findings. 
Another research reported Lei et  al. uncovered the role 
of saliva-based biomarkers in BC detection [127]. A total 
of 8 saliva-based mRNA biomarkers were identified to 
be significantly different between BC and control group, 
including S100A8, CSTA, GRM1, TPT1, GRIKI, H6PD, 
IGF2BP1, and MDM4 [127]. The accuracy, sensitivity and 
specificity for the panel of salivary biomarkers was 92%, 
83% and 97%, respectively [127]. The evidence provided 
by Lei et al. affirmed the notion that transcriptomic and 
proteomic signatures within saliva may serve as diagnos-
tic biomarkers. Salivary biomarkers showed significant 
discriminative capacity for the detection of BC, charac-
terized by high specificity and sensitivity. These findings 
may open up the paths for further validation of clinical 
prediction models in patients with BC [127].

Exosomes
Exosomes, small extracellular vesicles (30-150nm in size), 
originate from endosomes formed through the endocy-
tosis of plasma membrane-invaginated endosomes [128]. 
They are subtypes of extracellular vesicles (EVs) and 
can be found in numerous human body fluids, includ-
ing blood, saliva, plasma, breast milk, semen, urine, etc. 
[70–72]. Exosomes, along with other EVs, play a critical 
role in intercellular communication. They carry bioactive 
molecules, including proteins, nucleic acids, lipids and 
metabolites, and can deliver their content to neighboring 
cells in a paracrine fashion [128–130].

Within the realm of BC research, exosomes are cur-
rently the subject of extensive investigation due to their 
diverse potential applications in the fields of cancer 
diagnostics, disease monitoring, prognostic assessment, 
and therapeutic interventions [128]. For example, cer-
tain microRNAs in exosomes have emerged as prospec-
tive biomarkers to facilitate the early detection of BC 
[30, 131]. Furthermore, exosomes are endeavors explor-
ing their utility as nanodrug delivery platforms, serving 
as vehicles to modulate gene expression within cancer 
cells or as carriers for anti-cancer agents. Concurrently, 
exosomes are recognized for their involvement in critical 
processes of BC progression, including tumor invasion, 
metastasis, and the orchestration of the tumor microen-
vironment (TME). The multifaceted utilities of exosomes 
highlights their importance in BC management. Here, we 
mainly focus on the involvement of non-blood derived 
exosomes in BC [132].

Urine represents an alternative source of exosomes 
[133]. Marc et  al. explored the diagnostic capacity of 
urinary exosomal miRNAs, with 69 BC patients and 40 
healthy individuals participated in the research [134]. 
A panel of four urinary exosomal miRNA (miR-424, 
miR-423, miR-660, and let7-i) was determined as a set 
of highly-specific biomarkers through expression level 
quantification and multilateral statistical assessment, 
with the sensitivity of 98.6% and specificity of 100% 
[134]. The diagnosis of BC using urine-based examina-
tion of specific exosomal miRNA panels, which showed 
great promise for effective biomarker, may facilitate the 
prospective implementation of a non-invasive diagno-
sis and therapy. Further verification of a series of assays 
and clinical trials may prompt the introduction of this 
certain diagnostic method into standard screening prac-
tices, offering a favorable non-invasive alternative for the 
public. Another research directed by Wataru et al. deter-
mined miR-21 and matrix metalloproteinase-1(MMP-1) 
level in urine exosomes from 22 EBC patients without 
metastasis and 26 healthy controls [135]. The results 
demonstrated the obvious decrease of miR-21 and sig-
nificant increase of MMP1/CD63 in BC group compared 
with control group [135]. This study uncovered that com-
bined expression of miR-21 and MMP1/CD63 in urine 
exosomes can detect 95% of patients with early BC with-
out metastasis, with the sensitivity of 95% and specific-
ity of 79%. Assessing MMP1/CD63 and miR-21 level 
within urine exosomes may emerge as an efficient screen-
ing method, highlighting the role of miR-21 and MMP1/
CD63 as promising biomarkers for early BC detection 
and treatment [135]. Further studies involving a larger 
cohort are in an urgent need. It is known that human 
milk is another source of exosomes, which could be 
taken up by human intestinal cells in vitro and represent 
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a horizontal information transfer between mother and 
newborn [136]. An interesting study reported by Oskar 
et  al. uncovered the lncRNAs encapsulated in human 
breast milk extracellular vesicles (EVs) [137]. It was found 
that CRNDE, DANCR, GAS5, SRA1 and ZFAS1 were 
detected in > 90% of EVs from the breast milk samples, 
which were determined to be crucial regulators and par-
ticipated in immune cell progress, adipogenesis, and 
metabolism [137]. The identification of specific lncRNAs 
within human breastmilk EVs presented a novel mecha-
nism for gaining the understanding of the interaction 
between the mother and the child, thus impacting criti-
cal role on infant development. Besides, evidence sug-
gested that EVs and their contents can also be isolated 
from pleural fluid, which was a new source and offered 
access to malignant cells and their microenvironment 
[138]. Most recently, Samira et al. proposed to compare 
the expression of EV-miRNA in malignant pleural effu-
sion (MPE) caused by breast (BA-MPE) and lung cancer 
(LA-MPE), and the effusions induced by heart failure was 
the control group (HF-PE) [138]. It was shown that the 
expression level of miR-1246 was obviously increased in 
the MPE compared with HF-PE group, with the AUC of 
0.80 [138]. In addition, between BA-MPE and LA-MPE, 
miR-1246 and miR-150-5p displayed significant dysregu-
lation [138]. The combination of EV-miRNA was deter-
mined as the best classifier in discriminating malignant 
effusions and controls, with the AUC of 0.81 [138]. These 
results validated the abundance of EV-miRNAs in pleu-
ral fluid from patients with BC or lung cancer using liq-
uid biopsy [138]. However, the underlying mechanism 
of these markers in tumor progress was not explored in 
the current research, which determined to be investi-
gated in the future. Moreover, the involvement of large 
size samples and following-up visits was warranted. The 
analysis of specific EV-based miRNAs in pleural fluid 
was highlighted as prospective biomarkers and therapeu-
tic targets. Overall, exploring exosomes from non-blood 
sources are of great significance to facilitate non-invasive 
detection and effective therapy.

Proteins and metabolites
In recent decades, saliva, a type of biological fluid, has 
been identified to be used in medical assessments [41, 
139]. Emerging evidence has highlighted the involvement 
of saliva as a promising tool to diagnose and monitor 
disease, as well as guide therapeutics [140, 141]. Its non-
invasive characteristics and simple performances contrib-
ute to easy obtaining of saliva samples, which requires no 
needle punctures and largely relieves discomfort for the 
patients. It is clear that carcinogenesis involves aberrant 
regulation of various biomarkers and pathways, and cor-
relates with different biological fluids [142, 143]. Overall, 

non-invasive approaches to improve early detection and 
treatment is in an urgent need.

Pia et  al. uncovered the involvement of salivary bio-
markers in diagnosing BC, including 91 consecutive 
BC patients and 60 controls without neoplastic disease 
[142, 143]. Cancer antigen 125(CA125) was determined 
to have anti-adhesive properties, making it an effec-
tive marker in BC. Higher salivary CA125 levels of was 
detected in patients with BC [144]. Specifically, the 
mean salivary CA125 concentration was 102.1 pg/ml 
in the control group and 267.6pg/ml in the BC group 
(p < 0.01) [144]. Further, the soluble Fas (sFas) concentra-
tion in turn was 84.1 pg/ml and 145.9 pg/ml, respectively 
(p < 0.01) [144]. The area under the ROC curve was 0.68 
for CA125 (95% CI 0.05–0.56) and 0.67 for sFas (95% CI 
0.08–0.55) [144]. In the saliva of patients with BC, CA125 
and sFas showed significant increase, indicating their 
prospective clinical use as diagnostic tool to distinguish 
BC patients with healthy individuals. However, the casual 
relationship between study variables was not established 
in this cross-sectional design. The involvements of differ-
ent populations could help to verify the obtained results 
since all participants were from the southern Spain, thus 
further confirming the role of representative salivary 
markers in BC.

These is no consensus as to which types of markers 
provide the best performances in precise diagnosis and 
treatment, such as proteins, metabolites, and etc. Zhang 
et  al. uncovered BC discriminatory biomarkers in saliva 
using denovo discovery and validation approaches. A 
total of 8 abnormally upregulated mRNA biomarkers and 
1 protein candidate were screened out through combined 
analysis of microarray, proteomic profiling and qRT-
PCR assays, including S100A8, CSTA, GRM1, TPT1, 
GRIKI, H6PD, IGF2BP1, and MDM4 [127]. The salivary 
biomarkers were validated in 30 BC individuals and 63 
controls, and not affected by confounding factors, with 
an accuracy of 92%, sensitivity of 83% and specificity of 
97% [127]. These data revealed that the identified salivary 
biomarkers exhibited strong discriminatory potential in 
diagnosing patients with BC, which further enriched the 
understanding of early detection of BC. More explora-
tions of the underlying mechanism of these salivary bio-
markers was warranted.

Malignant pleural effusion is a common complication in 
metastatic breast cancer (MBC) and its accumulation was 
associated with an ongoing angiogenic process, enhanced 
vascular permeability and pleural inflammation. A cur-
rent study performed by Chih et al. determined the angio-
genic role of breast cancer-associated pleural fluid (BAPF) 
on endothelial proliferation, angiogenesis and migration. 
Chih et  al. collected BAPF from 14 patients with MBC, 
which was cultured with HUVECs to recapitulate the 
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molecular alterations in subpleural endothelial cells [145]. 
It is reported that the malignant progression of TNBC is 
much more aggressive as compared with hormone recep-
tor-positive breast cancer (HPBC) [145]. Here, it was found 
that both BAPF-HP and BAPF-TN exclusively activated 
JNK signaling among all MAPKs in HUVECs [145]. These 
findings elucidated the role of subpleural endothelium in 
promoting tumor metastasis. Current evidence has high-
lighted the promising role of JNK pathways in TNBC ani-
mal models [146]. The elevated expression of VEGFR1 and 
VEGFR2 was observed in HUVECs cultured with BAPF. 
Interestingly, the usage of VEGFR2 inhibitor could impair 
angiogenesis induced by BAPF, which could be used to 
develop a therapeutic strategy for MBC complicated with 
malignant pleural effusion (MPE) and lay the groundwork 
for future therapy for MBC based on hormone receptor 
status[145]. Recently, metabolites has arisen as promising 
biomarkers to monitor disease prognosis and therapeutic 
response. The assessment of stool provides a non-invasive 
approach to reveal the dynamic changes of metabolites, 
which leads to more specific and sensitive understand-
ings. Oumaima et al. represents the first study of metabolic 
dynamics of stool from BC cases following chemotherapy 
(n = 8) [145]. It was found that the fecal metabolome sig-
nature was dramatically altered in BC patients following 
two and three cycles of chemotherapy as compared with 
patients undergoing the first cycle or without treatment 
[145]. Specifically, amino acids were found to be upregu-
lated, while lactate and fumaric acids were decreased in 
patients under the second and third cycles compared with 
patients before treatment [87]. The alterations of the short-
chain fatty acids (SCFAs) were detected to be more notice-
able and tended to increase from the second treatment 
cycle. Identifying the particular fecal metabolic profiles 
that mirror the biochemical alterations occurring through-
out the chemotherapy is of great clinical importance, as it 
emerges as novel means for tracking the status of patients 
with BC, offering valuable information to clinicans to 
enhance the treatment management. However, the num-
ber involved in the current study was low, which requires 
a larger cohort. Moreover, the implication of metagenomic 
analysis may be of great significance to better enrich the 
knowledge regarding the correlation between therapeutic 
response and different bacteria. Overall, these observa-
tions constitutes the first step of metabolites implicated in 
patients with BC, which shed new light on BC monitoring 
and therapy.

The role of blood‑based liquid biopsies and its 
comparison with non‑blood liquid biopsies
Recently, blood-based liquid biopsies have been exten-
sively used in the detection of various cancers, includ-
ing BC [15, 123]. This advanced method enables the 

continuous and relatively non-invasive acquisition of 
important genetic information, facilitating the track-
ing of disease progress and therapy efficacy and guiding 
personalized treatment strategies [106]. Moreover, the 
identifications of blood-based biomarkers through liq-
uid biopsy shed new light on BC diagnosis and prognosis 
prediction [106].

Of note, blood-based liquid biopsies have been shown 
to exhibit certain advantages over non-blood based liquid 
biopsies. Firstly, the advances of commercial reagent kits 
available for the extraction of substances from plasma 
and established standardized procedures of blood-based 
liquid biopsies prompts detection and analysis of research 
targets [33, 40]. Furthermore, when compared to certain 
non-blood bodily fluids such as CSF and pleural effu-
sion, blood collection is minimally invasive and allows for 
longitudinal sampling at different time intervals. Mean-
while, blood-based liquid biopsies also show disadvan-
tages as compared with non-blood based liquid biopsies. 
For specific tumor types or anatomical locations, liquid 
biopsies based on non blood sources may demonstrate 
greater sensitivity than those relying on blood sources. 
For example, saliva can directly interact with oropharyn-
geal cancer, and stools are in close proximity to colorectal 
diseases [39, 147, 148]. In comparison to liquid biopsies 
from blood, both of saliva and stools exhibit higher detec-
tion rates [39, 147]. Similarly, urine-based liquid biopsies 
might offer increased sensitivity when diagnosing renal 
cell carcinoma and urinary tract epithelial cancer [149]. 
It is worth highlighting that blood-based liquid biopsies 
have limited representation of CNS disease. In contrast, 
CSF is less affected by clonal hematopoiesis, allowing for 
the detection of mutation at high variant allele frequen-
cies. This make CSF-based liquid biopsy an appropriate 
choice for diagnosing BC patients with brain metastasis 
or other CNS disease.

In different situations, both blood-based and non-
blood-based liquid biopsies come with distinct pros and 
cons. Adapting testing methods to specific needs can 
optimize patient benefits. The combined use of blood-
based and non-blood-based liquid biopsy techniques 
may complement each other and provide a more com-
prehensive landscape of tumor characteristics at different 
anatomical sites and time intervals.

Challenges and future directions
Recently, advancements of cell separation and gene 
detection techniques largely facilitate the development of 
liquid biopsy. Liquid biopsy has been determined as an 
important approach in early detection and consecutive 
monitoring of various malignant disease, including BC. 
As compared with traditional tissue sample biopsy, liq-
uid biopsy possess unique advantages to better overcome 
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tumor heterogeneity and perform more convenient sam-
pling and testing, thus prompting continuous tracking 
of malignant progress, therapy effectiveness and relapse. 
The implication of liquid biopsy offers a valid alternative 
to traditional testing methods. To date, the published 
data have mostly concentrated on blood-based biomark-
ers, such as CTC, ctDNA, ctRNA, and etc. Strikingly, 
emerging evidence has highlighted the abundance and 
function of these biomarkers from non-blood sources, 
including urine, saliva, CSF, pleural fluid and etc. Mean-
while, challenges and obstacles still exist in the clinical 
transformation of non-blood based biomarkers as well as 
blood-based biomarkers (Fig. 3).

Mounting studies have detected the potential of non-
blood biomarkers and blood-based biomarkers, and 
their characteristics were also used for further compari-
son. The published data revealed that the sensitivity of 
ctDNA from non-blood sources exhibited the level that 
comparable to those obtained from blood [150, 151]. Zuo 
et al. revealed that PIK3CA mutation profiling in plasma 
and urinary ctDNA exhibited an agreement of 97.2% 
compared with the results achieved for tissue samples 
[114]. These data could offer important complementary 
information, contributing to the increased level of over-
all sensitivity. However, it is worth noting that the false 
positive rates also increased. The usage of liquid biopsy 
into non-blood and blood samples could offer specific 
and sensitive information and reveal the characteristics 
of different anatomical locations. Amanda et al. revealed 
the abundance of CSF ctDNA in all 24 patients with 
BCLM, regardless of negative cytology or borderline MRI 
imaging. As for plasma-based ctDNA, it was only deter-
mined in patients with extracranial disease progression 
or who had previously received whole brain radiotherapy. 

Strinkingly, the determination of ctDNA elevation was 
up to 12  weeks before clinical progress. Moreover, the 
variations of anatomical disease distribution could largely 
impact on the concentration of ctDNA. The identifica-
tion of the sources of genetic information might help to 
uncover the alterations of anatomical disease and master 
the whole picture, thus mitigating the effects caused by 
anatomical alterations. Moreover, evidence showed that 
the level of plasma ctDNA exhibited no significant altera-
tions in patients with disease progression. Meanwhile, 
higher concentration of urine-derived ctDNA was iden-
tified several months prior to clinical progression [152].

At the present, the progress of techniques, platform 
and high cost of testing bring obstacles and difficulties in 
the translation of non-blood and blood-based biomark-
ers into the clinic. It is known that the usage of different 
technical methods and platforms could lead to diverse 
sensitivity and specificity. Moreover, ctDNA is deter-
mined to present a short half-life, approximately 2  h, 
which requires convenient sampling, processing and test-
ing [153]. The addition of stabilizing agent could obtain 
the extended time to 48  h for the presence of plasma 
ctDNA, without affecting the testing sensitivity. However, 
the impact of protective agent on non-blood based mark-
ers have not been well-investigated. The invasive perfor-
mances could add sampling difficulties and increase the 
uncertainties of sample collection. Besides, it is of great 
challenging to isolate CTCs from biological fluids, even 
with the implication of various markers associated with 
proliferation activities or supplementation with vari-
ous antibodies. As for BC patients with distant metas-
tasis, CTC isolation becomes much more hard since its 
emergence are less than extracranial metastasis. The 
detection of EVs harbouring DNA, RNA, protein, and 

Fig. 3 Challenges and future directions of non-blood-based liquid biopsy in the application of breast cancer
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various metabolites may represent the risk of recurrence 
as compared with patients with no determination of 
these markers. Currently, it can help to final assessment 
in conjunction with other factors. Importantly, standard-
ized testing procedures and rules of transportation, stor-
ing and analysis should also be developed and perfected. 
Further, a large muti-center clinical trials are in an urgent 
need to testify the clinical practice of liquid biopsies.

Overall, liquid biopsy opens a new avenue for early 
diagnosis and treatment, especially in cases which sam-
ples can not be easily accessed. The deep exploration of 
circulating tumor biomarkers from non-blood sources 
could provide new clues to assess the disease progres-
sion, treatment response, thus making more accurate and 
timely strategy. Although advances have been achieved 
in liquid biopsy, no absolute non-blood based biomarker 
is determined to be available which was currently used 
in the clinical management of BC. Much more empha-
size should be attached on the development of effective 
markers, which posses the characteristics of high sensi-
tivity and specificity. The technological advancements are 
of great necessity to lay a foundation for clinical imple-
mentation. In addition, the formulation of standardized 
methodology of sampling, collection, storage, processing 
and transportation should be constructed to improve and 
open up new prospects of non-blood biomarker.

Abbreviations
CTC   Circulating tumor cell
ctDNA  Circulating tumor DNA
ctRNA  Circulating tumor RNA
BC  Breast cancer
CRC   Colorectal cancer
CSF  Cerebrospinal fluid
BrM  Brain metastasis
BCLM  Breast cancer leptomeningeal metastases
FISH  Fluorescent in situ hybridization
CISH  Chromogenic in situ hybridization
EBC  Early breast cancer
MRD  Minimal residual disease
NGS  Next-generation sequencing
CNS  Central nervous system
DdPCR  Droplet digital PCR
WES  Whole exome sequencing
AUC   Area under the curve
EVs  Exosomes are extracellular vesicles
LncRNA  Long noncoding RNA
MMP-1  matrix metalloproteinase-1
MPE  Malignant pleural effusion
SFa  Soluble Fas
MBC  Metastatic breast cancer
TNBC  Triple-negative breast cancer
HPBC  Hormone receptor-positive breast cancer
MPE  Malignant pleural effusion
SCFAs  Short-chain fatty acids
BEAMing  Beads, emulsion, amplification, and magnetics
TAm-Seq  Tagged-amplicon deep sequencing
CAPP-Seq  Cancer personalized profiling by deep sequencing
CAPP-Seq  Whole genome bisulfite sequencing
WGBS-Seq  Whole exome sequencing
WGS  Whole genome sequencing

Acknowledgements
Figures were created using BioRender.com.

Author contributions
YS and PY drafted the outline of the article. ZHM and YS wrote the original 
manuscript. JJ, TW, SLG, YKK, ZXY, XW and YK helped perform the analysis with 
constructive discussions. All the authors have reviewed the manuscript and 
approved its final version submission.

Funding
This work was supported by National Natural Science Foundation of China 
(82172650).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 23 May 2023   Accepted: 26 October 2023

References
 1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA 

Cancer J Clin. 2023;73:17–48.
 2. Pedersen RN, Mellemkjaer L, Ejlertsen B, Norgaard M, Cronin-Fenton DP. 

Mortality after late breast cancer recurrence in Denmark. J Clin Oncol. 
2022;40:1450–63.

 3. Kocarnik JM, Compton K, Dean FE, Fu W, Gaw BL, Harvey JD, Henrikson 
HJ, Lu D, Pennini A, Xu R, et al. Cancer incidence, mortality, years of life 
lost, years lived with disability, and disability-adjusted life years for 29 
cancer groups from 2010 to 2019: a systematic analysis for the global 
burden of disease study 2019. Jama Oncol. 2022;8:420–44.

 4. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA 
Cancer J Clin. 2022;72:7–33.

 5. Yang F, Xiao Y, Ding JH, Jin X, Ma D, Li DQ, Shi JX, Huang W, Wang YP, 
Jiang YZ, Shao ZM. Ferroptosis heterogeneity in triple-negative breast 
cancer reveals an innovative immunotherapy combination strategy. 
Cell Metab. 2022. https:// doi. org/ 10. 1016/j. cmet. 2022. 09. 021.

 6. Jerusalem G, Park YH, Hurvitz SA, Modi S, Andre F, Krop IE, Gonzalez-
Farre X, You B, Saura C, Kim SB, et al. Trastuzumab Deruxtecan in 
HER2-positive metastatic breast cancer patients with brain metastases: 
a DESTINY-Breast01 subgroup analysis. Cancer Discov. 2022. https:// doi. 
org/ 10. 1158/ 2159- 8290. CD- 22- 0837.

 7. Agostinetto E, Gligorov J, Piccart M. Systemic therapy for early-stage 
breast cancer: learning from the past to build the future. Nat Rev Clin 
Oncol. 2022. https:// doi. org/ 10. 1038/ s41571- 022- 00687-1.

 8. Rugo HS, Singer L. First, do no harm: risk of secondary cancer after 
breast cancer treatment. Lancet Oncol. 2022. https:// doi. org/ 10. 1016/ 
S1470- 2045(22) 00627-1.

 9. Li X, Zhao L, Chen C, Nie J, Jiao B. Can EGFR be a therapeutic target in 
breast cancer? Biochim Biophys Acta Rev Cancer. 2022;1877:188789.

 10. Kotsiliti E. Liquid biopsy guides anti-EGFR rechallenge in metastatic 
CRC. Nat Rev Gastroenterol Hepatol. 2022;19:624.

 11. Malla M, Loree JM, Kasi PM, Parikh AR. Using circulating tumor DNA 
in colorectal cancer: current and evolving practices. J Clin Oncol. 
2022;40:2846–57.

https://doi.org/10.1016/j.cmet.2022.09.021
https://doi.org/10.1158/2159-8290.CD-22-0837
https://doi.org/10.1158/2159-8290.CD-22-0837
https://doi.org/10.1038/s41571-022-00687-1
https://doi.org/10.1016/S1470-2045(22)00627-1
https://doi.org/10.1016/S1470-2045(22)00627-1


Page 16 of 19Shuai et al. Journal of Translational Medicine          (2023) 21:809 

 12. Sperger JM, Emamekhoo H, McKay RR, Stahlfeld CN, Singh A, Chen 
XE, Kwak L, Gilsdorf CS, Wolfe SK, Wei XX, et al. Prospective evaluation 
of clinical outcomes using a multiplex liquid biopsy targeting diverse 
resistance mechanisms in metastatic prostate cancer. J Clin Oncol. 
2021;39:2926–37.

 13. Best MG, Sol N, Zijl S, Reijneveld JC, Wesseling P, Wurdinger T. 
Liquid biopsies in patients with diffuse glioma. Acta Neuropathol. 
2015;129:849–65.

 14. Nikanjam M, Kato S, Kurzrock R. Liquid biopsy: current technology and 
clinical applications. J Hematol Oncol. 2022;15:131.

 15. Zhao Y, Tang J, Jiang K, Liu SY, Aicher A, Heeschen C. Liquid biopsy in 
pancreatic cancer: current perspective and future outlook. Biochim 
Biophys Acta Rev Cancer. 2023;1878:188868.

 16. Mehraj U, Mushtaq U, Mir MA, Saleem A, Macha MA, Lone MN, Hamid A, 
Zargar MA, Ahmad SM, Wani NA. Chemokines in triple-negative breast 
cancer heterogeneity: New challenges for clinical implications. Semin 
Cancer Biol. 2022;86:769–83.

 17. Liu SQ, Gao ZJ, Wu J, Zheng HM, Li B, Sun S, Meng XY, Wu Q. Single-cell 
and spatially resolved analysis uncovers cell heterogeneity of breast 
cancer. J Hematol Oncol. 2022;15:19.

 18. Waks AG, Winer EP. Breast cancer treatment: a review. JAMA. 
2019;321:288–300.

 19. Ethier JL, Ocana A, Rodriguez LA, Ruiz A, Alba E, Calvo L, Ruiz-Borrego M, 
Santaballa A, Rodriguez CA, Crespo C, et al. Outcomes of single versus 
double hormone receptor-positive breast cancer: a GEICAM/9906 sub-
study. Eur J Cancer. 2018;94:199–205.

 20. Harbeck N, Gnant M. Breast cancer. Lancet. 2017;389:1134–50.
 21. Yam C, Mani SA, Moulder SL. Targeting the molecular subtypes of triple 

negative breast cancer: understanding the diversity to progress the 
field. Oncologist. 2017;22:1086–93.

 22. Tsang J, Tse GM. Molecular classification of breast cancer. Adv Anat 
Pathol. 2020;27:27–35.

 23. Rakha EA, Pareja FG. New advances in molecular breast cancer pathol-
ogy. Semin Cancer Biol. 2021;72:102–13.

 24. Keller L, Pantel K. Unravelling tumour heterogeneity by single-cell 
profiling of circulating tumour cells. Nat Rev Cancer. 2019;19:553–67.

 25. Tivey A, Church M, Rothwell D, Dive C, Cook N. Circulating tumour 
DNA—looking beyond the blood. Nat Rev Clin Oncol. 2022;19:600–12.

 26. Alix-Panabieres C, Pantel K. Clinical applications of circulating tumor 
cells and circulating tumor DNA as liquid biopsy. Cancer Discov. 
2016;6:479–91.

 27. Ahn JC, Teng PC, Chen PJ, Posadas E, Tseng HR, Lu SC, Yang JD. Detec-
tion of circulating tumor cells and their implications as a biomarker for 
diagnosis, prognostication, and therapeutic monitoring in hepatocel-
lular carcinoma. Hepatology. 2021;73:422–36.

 28. Graf RP, Hullings M, Barnett ES, Carbone E, Dittamore R, Scher HI. Clinical 
utility of the nuclear-localized AR-V7 biomarker in circulating tumor 
cells in improving physician treatment choice in castration-resistant 
prostate cancer. Eur Urol. 2020;77:170–7.

 29. Yu W, Hurley J, Roberts D, Chakrabortty SK, Enderle D, Noerholm M, 
Breakefield XO, Skog JK. Exosome-based liquid biopsies in cancer: 
opportunities and challenges. Ann Oncol. 2021;32:466–77.

 30. Tang XH, Guo T, Gao XY, Wu XL, Xing XF, Ji JF, Li ZY. Exosome-derived 
noncoding RNAs in gastric cancer: functions and clinical applications. 
Mol Cancer. 2021;20:99.

 31. Soiland H, Janssen E, Helland T, Eliassen FM, Hagland M, Nordgard O, 
Lunde S, Lende TH, Sagen JV, Tjensvoll K, et al. Liquid biopsies and 
patient-reported outcome measures for integrative monitoring of 
patients with early-stage breast cancer: a study protocol for the longitu-
dinal observational Prospective Breast Cancer Biobanking (PBCB) study. 
BMJ Open. 2022;12:e54404.

 32. Milne RL, Antoniou AC. Genetic modifiers of cancer risk for BRCA1 and 
BRCA2 mutation carriers. Ann Oncol. 2011;22(Suppl 1):i11–7.

 33. Bauml JM, Li BT, Velcheti V, Govindan R, Curioni-Fontecedro A, Dooms C, 
Takahashi T, Duda AW, Odegaard JI, Cruz-Guilloty F, et al. Clinical valida-
tion of Guardant360 CDx as a blood-based companion diagnostic for 
sotorasib. Lung Cancer. 2022;166:270–8.

 34. Abbasi HQ, Maryyum A, Khan AM, Shahnoor S, Oduoye MO, Wechuli 
PN. Advancing precision oncology in breast cancer: the FDA approval 
of elacestrant and Guardant360 CDx: a correspondence. Int J Surg. 
2023;109:2157–8.

 35. Zundelevich A, Dadiani M, Kahana-Edwin S, Itay A, Sella T, Gadot M, 
Cesarkas K, Farage-Barhom S, Saar EG, Eyal E, et al. ESR1 mutations 
are frequent in newly diagnosed metastatic and loco-regional recur-
rence of endocrine-treated breast cancer and carry worse prognosis. 
Breast Cancer Res. 2020;22:16.

 36. Allegretti M, Fabi A, Giordani E, Ercolani C, Romania P, Nistico C, 
Gasparro S, Barberi V, Ciolina M, Pescarmona E, et al. Liquid biopsy 
identifies actionable dynamic predictors of resistance to Trastuzumab 
Emtansine (T-DM1) in advanced HER2-positive breast cancer. Mol 
Cancer. 2021;20:151.

 37. Pages M, Rotem D, Gydush G, Reed S, Rhoades J, Ha G, Lo C, Fleharty 
M, Duran M, Jones R, et al. Liquid biopsy detection of genomic 
alterations in pediatric brain tumors from cell-free DNA in peripheral 
blood, CSF, and urine. Neuro Oncol. 2022;24:1352–63.

 38. Kim C, Xi L, Cultraro CM, Wei F, Jones G, Cheng J, Shafiei A, Pham TH, 
Roper N, Akoth E, et al. Longitudinal circulating tumor DNA analysis 
in blood and saliva for prediction of response to osimertinib and 
disease progression in EGFR-mutant lung adenocarcinoma. Cancers. 
2021;13:3342.

 39. Birknerova N, Mancikova V, Paul ED, Matyasovsky J, Cekan P, Palicka 
V, Parova H. Circulating cell-free DNA-based methylation pattern 
in saliva for early diagnosis of head and neck cancer. Cancers. 
2022;14:4882.

 40. Chang L, Li J, Zhang R. Liquid biopsy for early diagnosis of non-small 
cell lung carcinoma: recent research and detection technologies. 
Biochim Biophys Acta Rev Cancer. 2022;1877:188729.

 41. Kaczor-Urbanowicz KE, Wei F, Rao SL, Kim J, Shin H, Cheng J, Tu 
M, Wong D, Kim Y. Clinical validity of saliva and novel technol-
ogy for cancer detection. Biochim Biophys Acta Rev Cancer. 
2019;1872:49–59.

 42. Soda N, Rehm B, Sonar P, Nguyen NT, Shiddiky M. Advanced liquid 
biopsy technologies for circulating biomarker detection. J Mater Chem 
B. 2019;7:6670–704.

 43. Meng S, Tripathy D, Frenkel EP, Shete S, Naftalis EZ, Huth JF, Beitsch PD, 
Leitch M, Hoover S, Euhus D, et al. Circulating tumor cells in patients 
with breast cancer dormancy. Clin Cancer Res. 2004;10:8152–62.

 44. Allard WJ, Matera J, Miller MC, Repollet M, Connelly MC, Rao C, Tibbe 
AG, Uhr JW, Terstappen LW. Tumor cells circulate in the peripheral blood 
of all major carcinomas but not in healthy subjects or patients with 
nonmalignant diseases. Clin Cancer Res. 2004;10:6897–904.

 45. Zheng S, Lin H, Liu JQ, Balic M, Datar R, Cote RJ, Tai YC. Membrane 
microfilter device for selective capture, electrolysis and genomic analy-
sis of human circulating tumor cells. J Chromatogr A. 2007;1162:154–61.

 46. Vona G, Sabile A, Louha M, Sitruk V, Romana S, Schutze K, Capron F, 
Franco D, Pazzagli M, Vekemans M, et al. Isolation by size of epithe-
lial tumor cells : a new method for the immunomorphological and 
molecular characterization of circulatingtumor cells. Am J Pathol. 
2000;156:57–63.

 47. Banko P, Lee SY, Nagygyorgy V, Zrinyi M, Chae CH, Cho DH, Telekes A. 
Technologies for circulating tumor cell separation from whole blood. J 
Hematol Oncol. 2019;12:48.

 48. Beije N, Jager A, Sleijfer S. Circulating tumor cell enumeration by the 
Cell Search system: the clinician’s guide to breast cancer treatment? 
Cancer Treat Rev. 2015;41:144–50.

 49. Osman O, Toru S, Dumas-Bouchiat F, Dempsey NM, Haddour N, Zanini 
LF, Buret F, Reyne G, Frenea-Robin M. Microfluidic immunomagnetic cell 
separation using integrated permanent micromagnets. Biomicrofluid-
ics. 2013;7:54115.

 50. Talasaz AH, Powell AA, Huber DE, Berbee JG, Roh KH, Yu W, Xiao W, Davis 
MM, Pease RF, Mindrinos MN, et al. Isolating highly enriched popula-
tions of circulating epithelial cells and other rare cells from blood using 
a magnetic sweeper device. Proc Natl Acad Sci USA. 2009;106:3970–5.

 51. Yang L, Lang JC, Balasubramanian P, Jatana KR, Schuller D, Agrawal 
A, Zborowski M, Chalmers JJ. Optimization of an enrichment process 
for circulating tumor cells from the blood of head and neck can-
cer patients through depletion of normal cells. Biotechnol Bioeng. 
2009;102:521–34.

 52. Murlidhar V, Zeinali M, Grabauskiene S, Ghannad-Rezaie M, Wicha 
MS, Simeone DM, Ramnath N, Reddy RM, Nagrath S. A radial flow 
microfluidic device for ultra-high-throughput affinity-based isolation of 
circulating tumor cells. Small. 2014;10:4895–904.



Page 17 of 19Shuai et al. Journal of Translational Medicine          (2023) 21:809  

 53. Sequist LV, Nagrath S, Toner M, Haber DA, Lynch TJ. The CTC-chip: 
an exciting new tool to detect circulating tumor cells in lung cancer 
patients. J Thorac Oncol. 2009;4:281–3.

 54. Krivacic RT, Ladanyi A, Curry DN, Hsieh HB, Kuhn P, Bergsrud DE, Kepros 
JF, Barbera T, Ho MY, Chen LB, et al. A rare-cell detector for cancer. Proc 
Natl Acad Sci USA. 2004;101:10501–4.

 55. Hsieh HB, Marrinucci D, Bethel K, Curry DN, Humphrey M, Krivacic RT, 
Kroener J, Kroener L, Ladanyi A, Lazarus N, et al. High speed detection 
of circulating tumor cells. Biosens Bioelectron. 2006;21:1893–9.

 56. Alix-Panabieres C, Vendrell JP, Pelle O, Rebillard X, Riethdorf S, Muller V, 
Fabbro M, Pantel K. Detection and characterization of putative meta-
static precursor cells in cancer patients. Clin Chem. 2007;53:537–9.

 57. Olmedillas-Lopez S, Garcia-Arranz M, Garcia-Olmo D. Current and 
emerging applications of droplet digital PCR in oncology. Mol Diagn 
Ther. 2017;21:493–510.

 58. Hudecova I. Digital PCR analysis of circulating nucleic acids. Clin Bio-
chem. 2015;48:948–56.

 59. Diehl F, Li M, Dressman D, He Y, Shen D, Szabo S, Diaz LJ, Goodman SN, 
David KA, Juhl H, et al. Detection and quantification of mutations in 
the plasma of patients with colorectal tumors. Proc Natl Acad Sci USA. 
2005;102:16368–73.

 60. Forshew T, Murtaza M, Parkinson C, Gale D, Tsui DW, Kaper F, Dawson SJ, 
Piskorz AM, Jimenez-Linan M, Bentley D, et al. Noninvasive identifica-
tion and monitoring of cancer mutations by targeted deep sequencing 
of plasma DNA. Sci Transl Med. 2012;4:136r–68r.

 61. Newman AM, Bratman SV, To J, Wynne JF, Eclov NC, Modlin LA, Liu CL, 
Neal JW, Wakelee HA, Merritt RE, et al. An ultrasensitive method for 
quantitating circulating tumor DNA with broad patient coverage. Nat 
Med. 2014;20:548–54.

 62. Woodhouse R, Li M, Hughes J, Delfosse D, Skoletsky J, Ma P, Meng W, 
Dewal N, Milbury C, Clark T, et al. Clinical and analytical validation of 
FoundationOne Liquid CDx, a novel 324-Gene cfDNA-based compre-
hensive genomic profiling assay for cancers of solid tumor origin. PLoS 
ONE. 2020;15:e237802.

 63. Imperial R, Nazer M, Ahmed Z, Kam AE, Pluard TJ, Bahaj W, Levy M, Kuzel 
TM, Hayden DM, Pappas SG, et al. Matched whole-genome sequenc-
ing (WGS) and whole-exome sequencing (WES) of tumor tissue with 
circulating tumor DNA (ctDNA) analysis: complementary modalities in 
clinical practice. Cancers. 2019;11:1399.

 64. McGuire AL, Caulfield T, Cho MK. Research ethics and the challenge of 
whole-genome sequencing. Nat Rev Genet. 2008;9:152–6.

 65. Kodahl AR, Lyng MB, Binder H, Cold S, Gravgaard K, Knoop AS, Ditzel 
HJ. Novel circulating microRNA signature as a potential non-invasive 
multi-marker test in ER-positive early-stage breast cancer: a case control 
study. Mol Oncol. 2014;8:874–83.

 66. Asaga S, Kuo C, Nguyen T, Terpenning M, Giuliano AE, Hoon DS. Direct 
serum assay for microRNA-21 concentrations in early and advanced 
breast cancer. Clin Chem. 2011;57:84–91.

 67. Outeiro-Pinho G, Barros-Silva D, Aznar E, Sousa AI, Vieira-Coimbra M, 
Oliveira J, Goncalves CS, Costa BM, Junker K, Henrique R, Jeronimo C. 
MicroRNA-30a-5p(me): a novel diagnostic and prognostic biomarker 
for clear cell renal cell carcinoma in tissue and urine samples. J Exp Clin 
Cancer Res. 2020;39:98.

 68. Roth C, Rack B, Muller V, Janni W, Pantel K, Schwarzenbach H. Circulat-
ing microRNAs as blood-based markers for patients with primary and 
metastatic breast cancer. Breast Cancer Res. 2010;12:R90.

 69. He C, Zheng S, Luo Y, Wang B. Exosome theranostics: biology and 
translational medicine. Theranostics. 2018;8:237–55.

 70. Li P, Kaslan M, Lee SH, Yao J, Gao Z. Progress in exosome isolation tech-
niques. Theranostics. 2017;7:789–804.

 71. Zarovni N, Corrado A, Guazzi P, Zocco D, Lari E, Radano G, Muhhina J, 
Fondelli C, Gavrilova J, Chiesi A. Integrated isolation and quantitative 
analysis of exosome shuttled proteins and nucleic acids using immuno-
capture approaches. Methods. 2015;87:46–58.

 72. Taylor DD, Shah S. Methods of isolating extracellular vesicles impact 
down-stream analyses of their cargoes. Methods. 2015;87:3–10.

 73. Stranska R, Gysbrechts L, Wouters J, Vermeersch P, Bloch K, Dierickx D, 
Andrei G, Snoeck R. Comparison of membrane affinity-based method 
with size-exclusion chromatography for isolation of exosome-like 
vesicles from human plasma. J Transl Med. 2018;16:1.

 74. Weng Y, Sui Z, Shan Y, Hu Y, Chen Y, Zhang L, Zhang Y. Effective isolation 
of exosomes with polyethylene glycol from cell culture supernatant for 
in-depth proteome profiling. Analyst. 2016;141:4640–6.

 75. Doldan X, Fagundez P, Cayota A, Laiz J, Tosar JP. Electrochemical sand-
wich immunosensor for determination of exosomes based on surface 
marker-mediated signal amplification. Anal Chem. 2016;88:10466–73.

 76. Ashcroft BA, de Sonneville J, Yuana Y, Osanto S, Bertina R, Kuil ME, Oost-
erkamp TH. Determination of the size distribution of blood microparti-
cles directly in plasma using atomic force microscopy and microfluidics. 
Biomed Microdevices. 2012;14:641–9.

 77. Cao Y, Li L, Han B, Wang Y, Dai Y, Zhao J. A catalytic molecule machine-
driven biosensing method for amplified electrochemical detection of 
exosomes. Biosens Bioelectron. 2019;141:111397.

 78. Thakur A, Qiu G, Ng SP, Guan J, Yue J, Lee Y, Wu CL. Direct detection of 
two different tumor-derived extracellular vesicles by SAM-AuNIs LSPR 
biosensor. Biosens Bioelectron. 2017;94:400–7.

 79. Dragovic RA, Gardiner C, Brooks AS, Tannetta DS, Ferguson DJ, Hole P, 
Carr B, Redman CW, Harris AL, Dobson PJ, et al. Sizing and phenotyping 
of cellular vesicles using nanoparticle tracking analysis. Nanomedicine. 
2011;7:780–8.

 80. Kwizera EA, O’Connor R, Vinduska V, Williams M, Butch ER, Snyder SE, 
Chen X, Huang X. Molecular detection and analysis of exosomes using 
surface-enhanced Raman scattering gold nanorods and a miniaturized 
device. Theranostics. 2018;8:2722–38.

 81. Guo K, Li Z, Win A, Coreas R, Adkins GB, Cui X, Yan D, Cao M, Wang SE, 
Zhong W. Calibration-free analysis of surface proteins on single extra-
cellular vesicles enabled by DNA nanostructure. Biosens Bioelectron. 
2021;192:113502.

 82. Liu C, Yang Y, Wu Y. Recent advances in exosomal protein detection via 
liquid biopsy biosensors for cancer screening, diagnosis, and prognosis. 
Aaps J. 2018;20:41.

 83. Saad MG, Beyenal H, Dong WJ. Exosomes as powerful engines in can-
cer: isolation, characterization and detection techniques. Biosensors. 
2021;11:518.

 84. Lequin RM. Enzyme immunoassay (EIA)/enzyme-linked immunosorb-
ent assay (ELISA). Clin Chem. 2005;51:2415–8.

 85. Hu R, Wang J. A rapid, multiplexed new technology xMAP liquid chip 
for detection and identification of pathogens. Wei Sheng Yan Jiu. 
2007;36:759–62.

 86. Grenier FC, Ali S, Syed H, Workman R, Martens F, Liao M, Wang Y, Wong 
PY. Evaluation of the ARCHITECT urine NGAL assay: assay performance, 
specimen handling requirements and biological variability. Clin Bio-
chem. 2010;43:615–20.

 87. Zidi O, Souai N, Raies H, Ben AF, Mezlini A, Mezrioui S, Tranchida F, Saba-
tier JM, Mosbah A, Cherif A, et al. Fecal metabolic profiling of breast 
cancer patients during neoadjuvant chemotherapy reveals potential 
biomarkers. Molecules. 2021;26:2266.

 88. Eghlimi R, Shi X, Hrovat J, Xi B, Gu H. Triple negative breast cancer 
detection using LC–MS/MS lipidomic profiling. J Proteome Res. 
2020;19:2367–78.

 89. Zhong L, Cheng F, Lu X, Duan Y, Wang X. Untargeted saliva meta-
bonomics study of breast cancer based on ultra performance liquid 
chromatography coupled to mass spectrometry with HILIC and RPLC 
separations. Talanta. 2016;158:351–60.

 90. Bifarin OO, Gaul DA, Sah S, Arnold RS, Ogan K, Master VA, Roberts DL, 
Bergquist SH, Petros JA, Edison AS, Fernandez FM. Urine-based metabo-
lomics and machine learning reveals metabolites associated with renal 
cell carcinoma stage. Cancers. 2021;13:6253.

 91. Wei S, Liu L, Zhang J, Bowers J, Gowda GA, Seeger H, Fehm T, Neubauer 
HJ, Vogel U, Clare SE, Raftery D. Metabolomics approach for predicting 
response to neoadjuvant chemotherapy for breast cancer. Mol Oncol. 
2013;7:297–307.

 92. Watase C, Shiino S, Shimoi T, Noguchi E, Kaneda T, Yamamoto Y, 
Yonemori K, Takayama S, Suto A. Breast cancer brain metastasis-
overview of disease state, treatment options and future perspectives. 
Cancers. 2021;13:1078.

 93. Jin X, Demere Z, Nair K, Ali A, Ferraro GB, Natoli T, Deik A, Petronio L, 
Tang AA, Zhu C, et al. A metastasis map of human cancer cell lines. 
Nature. 2020;588:331–6.

 94. Le Rhun E, Weller M, Brandsma D, Van den Bent M, de Azambuja E, 
Henriksson R, Boulanger T, Peters S, Watts C, Wick W, et al. EANO-ESMO 



Page 18 of 19Shuai et al. Journal of Translational Medicine          (2023) 21:809 

Clinical Practice Guidelines for diagnosis, treatment and follow-up 
of patients with leptomeningeal metastasis from solid tumours. Ann 
Oncol. 2017;28:v84–99.

 95. Glantz MJ, Cole BF, Glantz LK, Cobb J, Mills P, Lekos A, Walters BC, Recht 
LD. Cerebrospinal fluid cytology in patients with cancer: minimizing 
false-negative results. Cancer Am Cancer Soc. 1998;82:733–9.

 96. Boire A, Brandsma D, Brastianos PK, Le Rhun E, Ahluwalia M, Junck 
L, Glantz M, Groves MD, Lee EQ, Lin N, et al. Liquid biopsy in central 
nervous system metastases: a RANO review and proposals for clinical 
applications. Neuro Oncol. 2019;21:571–84.

 97. Fitzpatrick A, Iravani M, Mills A, Childs L, Alaguthurai T, Clifford A, Garcia-
Murillas I, Van Laere S, Dirix L, Harries M, et al. Assessing CSF ctDNA to 
improve diagnostic accuracy and therapeutic monitoring in breast 
cancer leptomeningeal metastasis. Clin Cancer Res. 2022;28:1180–91.

 98. Parnetti L, Gaetani L, Eusebi P, Paciotti S, Hansson O, El-Agnaf O, Mol-
lenhauer B, Blennow K, Calabresi P. CSF and blood biomarkers for 
Parkinson’s disease. Lancet Neurol. 2019;18:573–86.

 99. Karayel O, Virreira WS, Padmanabhan S, Kuras YI, Vu DT, Tuncali I, 
Merchant K, Wills AM, Scherzer CR, Mann M. Proteome profiling of 
cerebrospinal fluid reveals biomarker candidates for Parkinson’s disease. 
Cell Rep Med. 2022;3:100661.

 100. Liu A, Smith KS, Kumar R, Paul L, Bihannic L, Lin T, Maass KK, Pajtler 
KW, Chintagumpala M, Su JM, et al. Serial assessment of measurable 
residual disease in medulloblastoma liquid biopsies. Cancer Cell. 
2021;39:1519–30.

 101. Miller MC, Robinson PS, Wagner C, O’Shannessy DJ. The parsortix cell 
separation system—a versatile liquid biopsy platform. Cytometry A. 
2018;93:1234–9.

 102. Yin J, Wang Z, Li G, Lin F, Shao K, Cao B, Hou Y. Characterization of circu-
lating tumor cells in breast cancer patients by spiral microfluidics. Cell 
Biol Toxicol. 2019;35:59–66.

 103. Xiao J, Pohlmann PR, Isaacs C, Weinberg BA, He AR, Schlegel R, Agarwal 
S. Circulating tumor cells: technologies and their clinical potential in 
cancer metastasis. Biomedicines. 2021;9:1111.

 104. Banys-Paluchowski M, Fehm T, Janni W, Solomayer EF, Hartkopf A. 
Circulating and disseminated tumor cells in breast carcinoma: report 
from the consensus conference on tumor cell dissemination during 
the 39th annual meeting of the German Society of Senology, Berlin, 27 
June 2019. Geburtshilfe Frauenheilkd. 2019;79:1320–7.

 105. Darlix A, Cayrefourcq L, Pouderoux S, Menjot DCN, Bievelez A, Jacot 
W, Leaha C, Thezenas S, Alix-Panabieres C. Detection of circulating 
tumor cells in cerebrospinal fluid of patients with suspected breast 
cancer leptomeningeal metastases: a prospective study. Clin Chem. 
2022;68:1311–22.

 106. Deng Z, Wu S, Wang Y, Shi D. Circulating tumor cell isolation for cancer 
diagnosis and prognosis. EBioMedicine. 2022;83:104237.

 107. Taftaf R, Liu X, Singh S, Jia Y, Dashzeveg NK, Hoffmann AD, El-Shennawy 
L, Ramos EK, Adorno-Cruz V, Schuster EJ, et al. ICAM1 initiates CTC 
cluster formation and trans-endothelial migration in lung metastasis of 
breast cancer. Nat Commun. 2021;12:4867.

 108. Goessl C, Muller M, Straub B, Miller K. DNA alterations in body fluids 
as molecular tumor markers for urological malignancies. Eur Urol. 
2002;41:668–76.

 109. Hoque MO, Begum S, Topaloglu O, Chatterjee A, Rosenbaum E, 
Van Criekinge W, Westra WH, Schoenberg M, Zahurak M, Goodman 
SN, Sidransky D. Quantitation of promoter methylation of multiple 
genes in urine DNA and bladder cancer detection. J Natl Cancer Inst. 
2006;98:996–1004.

 110. Pellini B, Pejovic N, Feng W, Earland N, Harris PK, Usmani A, Szymanski JJ, 
Qaium F, Mudd J, Petty M, et al. ctDNA MRD detection and personal-
ized oncogenomic analysis in oligometastatic colorectal cancer from 
plasma and urine. JCO Precis Oncol. 2021;5:378.

 111. Kim AK, Hamilton JP, Lin SY, Chang TT, Hann HW, Hu CT, Lou Y, Lin YJ, 
Gade TP, Park G, et al. Urine DNA biomarkers for hepatocellular carci-
noma screening. Br J Cancer. 2022;126:1432–8.

 112. Guan G, Wang Y, Sun Q, Wang L, Xie F, Yan J, Huang H, Liu H. Utility of 
urinary ctDNA to monitoring minimal residual disease in early breast 
cancer patients. Cancer Biomark. 2020;28:111–9.

 113. Herzog H, Dogan S, Aktas B, Nel I. Targeted sequencing of plasma-
derived vs. urinary cfDNA from patients with triple-negative breast 
cancer. Cancers. 2022;14:4101.

 114. Zuo Z, Tang J, Cai X, Ke F, Shi Z. Probing of breast cancer using a com-
bination of plasma and urinary circulating cell-free DNA. Biosci Rep. 
2020;40:BSR20194306.

 115. Liu Z, Liu W. Association of urinary and plasma DNA in early breast 
cancer patients and its links to disease relapse. Clin Transl Oncol. 
2018;20:1053–60.

 116. Zhang J, Zhang X, Shen S. Treatment and relapse in breast cancer show 
significant correlations to noninvasive testing using urinary and plasma 
DNA. Future Oncol. 2020;16:849–58.

 117. Kim MY. Breast cancer metastasis. Adv Exp Med Biol. 
2021;1187:183–204.

 118. Ramamoorthi G, Kodumudi K, Gallen C, Zachariah NN, Basu A, Albert G, 
Beyer A, Snyder C, Wiener D, Costa R, Czerniecki BJ. Disseminated can-
cer cells in breast cancer: mechanism of dissemination and dormancy 
and emerging insights on therapeutic opportunities. Semin Cancer 
Biol. 2022;78:78–89.

 119. Rubio-Perez C, Planas-Rigol E, Trincado JL, Bonfill-Teixidor E, Arias A, 
Marchese D, Moutinho C, Serna G, Pedrosa L, Iurlaro R, et al. Immune 
cell profiling of the cerebrospinal fluid enables the characterization of 
the brain metastasis microenvironment. Nat Commun. 2021;12:1503.

 120. Miller AM, Szalontay L, Bouvier N, Hill K, Ahmad H, Rafailov J, Lee 
AJ, Rodriguez-Sanchez MI, Yildirim O, Patel A, et al. Next-generation 
sequencing of cerebrospinal fluid for clinical molecular diagnostics 
in pediatric, adolescent and young adult brain tumor patients. Neuro 
Oncol. 2022;24:1763–72.

 121. Wu J, Liu Z, Huang T, Wang Y, Song MM, Song T, Long G, Zhang X, Li X, 
Zhang L. Cerebrospinal fluid circulating tumor DNA depicts profiling of 
brain metastasis in NSCLC. Mol Oncol. 2022. https:// doi. org/ 10. 1002/ 
1878- 0261. 13357.

 122. Siravegna G, Geuna E, Mussolin B, Crisafulli G, Bartolini A, Galizia D, 
Casorzo L, Sarotto I, Scaltriti M, Sapino A, et al. Genotyping tumour 
DNA in cerebrospinal fluid and plasma of a HER2-positive breast cancer 
patient with brain metastases. ESMO Open. 2017;2:e253.

 123. Wang M, Liu H, Wu W, Zhao J, Song G, Chen X, Wang R, Shao C, Li 
J, Wang H, et al. Identification of differentially expressed plasma 
lncRNAs as potential biomarkers for breast cancer. Clin Breast Cancer. 
2022;22:e135–41.

 124. Fu B, Liu W, Zhu C, Li P, Wang L, Pan L, Li K, Cai P, Meng M, Wang Y, et al. 
Circular RNA circBCBM1 promotes breast cancer brain metastasis by 
modulating miR-125a/BRD4 axis. Int J Biol Sci. 2021;17:3104–17.

 125. Muller V, Oliveira-Ferrer L, Steinbach B, Pantel K, Schwarzenbach H. 
Interplay of lncRNA H19/miR-675 and lncRNA NEAT1/miR-204 in breast 
cancer. Mol Oncol. 2019;13:1137–49.

 126. Erbes T, Hirschfeld M, Rucker G, Jaeger M, Boas J, Iborra S, Mayer S, 
Gitsch G, Stickeler E. Feasibility of urinary microRNA detection in 
breast cancer patients and its potential as an innovative non-invasive 
biomarker. BMC Cancer. 2015;15:193.

 127. Zhang L, Xiao H, Karlan S, Zhou H, Gross J, Elashoff D, Akin D, Yan X, Chia 
D, Karlan B, Wong DT. Discovery and preclinical validation of salivary 
transcriptomic and proteomic biomarkers for the non-invasive detec-
tion of breast cancer. PLoS ONE. 2010;5:e15573.

 128. Thery C, Zitvogel L, Amigorena S. Exosomes: composition, biogenesis 
and function. Nat Rev Immunol. 2002;2:569–79.

 129. Kalluri R, LeBleu VS. The biology, function, and biomedical applications 
of exosomes. Science. 2020;367:eaau6977.

 130. Zhu L, Sun HT, Wang S, Huang SL, Zheng Y, Wang CQ, Hu BY, Qin W, Zou 
TT, Fu Y, et al. Isolation and characterization of exosomes for cancer 
research. J Hematol Oncol. 2020;13:152.

 131. Lakshmi S, Hughes TA, Priya S. Exosomes and exosomal RNAs in breast 
cancer: a status update. Eur J Cancer. 2021;144:252–68.

 132. Yuan X, Qian N, Ling S, Li Y, Sun W, Li J, Du R, Zhong G, Liu C, Yu G, 
et al. Breast cancer exosomes contribute to pre-metastatic niche 
formation and promote bone metastasis of tumor cells. Theranostics. 
2021;11:1429–45.

 133. Gheinani AH, Vogeli M, Baumgartner U, Vassella E, Draeger A, Burkhard 
FC, Monastyrskaya K. Improved isolation strategies to increase the yield 
and purity of human urinary exosomes for biomarker discovery. Sci 
Rep. 2018;8:3945.

 134. Hirschfeld M, Rucker G, Weiss D, Berner K, Ritter A, Jager M, Erbes T. 
Urinary exosomal MicroRNAs as potential non-invasive biomarkers in 
breast cancer detection. Mol Diagn Ther. 2020;24:215–32.

https://doi.org/10.1002/1878-0261.13357
https://doi.org/10.1002/1878-0261.13357


Page 19 of 19Shuai et al. Journal of Translational Medicine          (2023) 21:809  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 135. Ando W, Kikuchi K, Uematsu T, Yokomori H, Takaki T, Sogabe M, Kohgo Y, 
Otori K, Ishikawa S, Okazaki I. Novel breast cancer screening: combined 
expression of miR-21 and MMP-1 in urinary exosomes detects 95% of 
breast cancer without metastasis. Sci Rep. 2019;9:13595.

 136. Admyre C, Johansson SM, Qazi KR, Filen JJ, Lahesmaa R, Norman 
M, Neve EP, Scheynius A, Gabrielsson S. Exosomes with immune 
modulatory features are present in human breast milk. J Immunol. 
2007;179:1969–78.

 137. Karlsson O, Rodosthenous RS, Jara C, Brennan KJ, Wright RO, Baccarelli 
AA, Wright RJ. Detection of long non-coding RNAs in human breastmilk 
extracellular vesicles: Implications for early child development. Epige-
netics. 2016;11:721–9.

 138. Shojaee S, Romano G, Sanchez TM, Yermakhanova G, Saviana M, Le P, 
Nigita G, Calore F, Guthrie R, Hess K, et al. Extracellular vesicle MicroRNA 
in malignant pleural effusion. Genes. 2022;13:2159.

 139. Li K, Lin Y, Luo Y, Xiong X, Wang L, Durante K, Li J, Zhou F, Guo Y, Chen S, 
et al. A signature of saliva-derived exosomal small RNAs as predicting 
biomarker for esophageal carcinoma: a multicenter prospective study. 
Mol Cancer. 2022;21:21.

 140. Nonaka T, Wong D. Saliva diagnostics. Annu Rev Anal Chem. 
2022;15:107–21.

 141. Pasomsub E, Watcharananan SP, Boonyawat K, Janchompoo P, Wong-
tabtim G, Suksuwan W, Sungkanuparph S, Phuphuakrat A. Saliva sam-
ple as a non-invasive specimen for the diagnosis of coronavirus disease 
2019: a cross-sectional study. Clin Microbiol Infect. 2021;27:281–5.

 142. Pang Y, Liu Z, Han H, Wang B, Li W, Mao C, Liu S. Peptide SMIM30 pro-
motes HCC development by inducing SRC/YES1 membrane anchoring 
and MAPK pathway activation. J Hepatol. 2020;73:1155–69.

 143. Krug K, Jaehnig EJ, Satpathy S, Blumenberg L, Karpova A, Anurag M, 
Miles G, Mertins P, Geffen Y, Tang LC, et al. Proteogenomic land-
scape of breast cancer tumorigenesis and targeted therapy. Cell. 
2020;183:1436–56.

 144. Lopez-Jornet P, Aznar C, Ceron J, Asta T. Salivary biomarkers in breast 
cancer: a cross-sectional study. Support Care Cancer. 2021;29:889–96.

 145. Changchien CY, Chang HH, Dai MS, Tsai WC, Tsai HC, Wang CY, Shen 
MS, Cheng LT, Lee HS, Chen Y, Tsai CL. Distinct JNK/VEGFR signaling 
on angiogenesis of breast cancer-associated pleural fluid based on 
hormone receptor status. Cancer Sci. 2021;112:781–91.

 146. Insua-Rodriguez J, Pein M, Hongu T, Meier J, Descot A, Lowy CM, De 
Braekeleer E, Sinn HP, Spaich S, Sutterlin M, et al. Stress signaling in 
breast cancer cells induces matrix components that promote chem-
oresistant metastasis. Embo Mol Med. 2018. https:// doi. org/ 10. 15252/ 
emmm. 20180 9003.

 147. van Lanschot MC, Carvalho B, Coupe VM, van Engeland M, Dekker E, 
Meijer GA. Molecular stool testing as an alternative for surveillance 
colonoscopy: a cross-sectional cohort study. BMC Cancer. 2017;17:116.

 148. Diehl F, Schmidt K, Choti MA, Romans K, Goodman S, Li M, Thornton K, 
Agrawal N, Sokoll L, Szabo SA, et al. Circulating mutant DNA to assess 
tumor dynamics. Nat Med. 2008;14:985–90.

 149. Green EA, Li R, Albiges L, Choueiri TK, Freedman M, Pal S, Dyrskjot L, 
Kamat AM. Clinical utility of cell-free and circulating tumor DNA in 
kidney and bladder cancer: a critical review of current literature. Eur 
Urol Oncol. 2021;4:893–903.

 150. Pan W, Gu W, Nagpal S, Gephart MH, Quake SR. Brain tumor mutations 
detected in cerebral spinal fluid. Clin Chem. 2015;61:514–22.

 151. Escudero L, Llort A, Arias A, Diaz-Navarro A, Martinez-Ricarte F, Rubio-
Perez C, Mayor R, Caratu G, Martinez-Saez E, Vazquez-Mendez E, et al. 
Circulating tumour DNA from the cerebrospinal fluid allows the 
characterisation and monitoring of medulloblastoma. Nat Commun. 
2020;11:5376.

 152. Birkenkamp-Demtroder K, Nordentoft I, Christensen E, Hoyer S, 
Reinert T, Vang S, Borre M, Agerbaek M, Jensen JB, Orntoft TF, Dyrskjot 
L. Genomic alterations in liquid biopsies from patients with bladder 
cancer. Eur Urol. 2016;70:75–82.

 153 Pessoa LS, Heringer M, Ferrer VP. ctDNA as a cancer biomarker: a broad 
overview. Crit Rev Oncol Hematol. 2020;155:103109.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.15252/emmm.201809003
https://doi.org/10.15252/emmm.201809003

	Liquid-based biomarkers in breast cancer: looking beyond the blood
	Abstract 
	Introduction
	Technologies for liquid biopsies
	Technologies for detecting CTCs
	Technologies for detecting ctDNA
	Technologies for detecting ctRNA
	Technologies for detecting exosomes
	Technologies for detecting proteins and metabolites

	CTC
	ctDNA
	ctRNA
	Exosomes
	Proteins and metabolites
	The role of blood-based liquid biopsies and its comparison with non-blood liquid biopsies
	Challenges and future directions
	Acknowledgements
	References


