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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
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[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 lig-
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

Table 1 Breast cancer subtypes category
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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

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%

HER2 positive

Triple negative breast cancer

ER+or PR+, HER2 +
HER2+ 15
ER—,PR—and HER2— 10-15
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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

[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
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Fig. 2 Components and clinical application of non-blood-derived liquid biopsy in breast cancer patients

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
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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,
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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
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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
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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
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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
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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].
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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 IncRNAs 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 IncRNAs
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 HE-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,
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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 BAPE-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
VEGER2 was observed in HUVECs cultured with BAPE.
Interestingly, the usage of VEGFR2 inhibitor could impair
angiogenesis induced by BAPE, 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=38) [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
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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,
CSE 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, lig-
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.
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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
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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.
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