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Abstract

Introduction: Liquid biopsy is a novel diagnostic tool that investigates
biological biomarkers within the blood and other body liquids in order to
provide information about the genetics of the tumor and its treatment response.
The current review study aimed to highlight the role of liquid biopsy in breast
cancer and precision medicine.

Methods: In the current review study, we attempted to evaluate the recent
innovations in breast cancer diagnosis by investigating liquid biopsy
biomarkers in related databases, including Scopus, Web of Science, PubMed,
and Google Scholar, from 2018 to 2024.

Results: The assessment of the published articles in this field revealed that the
applications of biomarkers in liquid biopsy have a significant role in
personalized medicines, highlighting their reliability for use in personalized
medicine.

Conclusion: The liquid biopsy biomarkers seem to be a promising approach in
breast cancer early detection and remarkable reduction of mortality caused by
this disease in the near future.
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Liquid Biopsy and its significance on the Early ...

Introduction

Cancer is the main threat to public health all
across the globe; therefore, if it is diagnosed,
monitored, and treated in the early stages, the
chance of survival will significantly increase
(1,2). Currently, approximately 50% of cancers
are diagnosed at advanced stages. According to
statistics, recent advances in early cancer
detection have improved the survival chances
of patients; nonetheless, there is a critical need
for more development and innovation in early
cancer detection approaches (3). In recent
decades, the analysis of molecular mechanisms
involved in cancer through liquid biopsy has
attracted great attention. Liquid biopsy today is
referred to as a noninvasive method to detect
and monitor a tumor or treatment response.
Generally, the analysis of liquid biopsy
biomarkers, such as circulating tumor cells
(CTCs), circulating tumor DNA (ctDNA),
circulating tumor RNA (ctRNA), long non-
coding RNAs (IncRNAs), messenger RNA
(messenger RNA), microRNA (miRNA),
platelets, tumor-derived extracellular vesicles,
and proteins make it possible to detect cancer
incidences in earlier stages (4). This review
study sought to discuss about different types of
liquid biopsy biomarkers as emerging
diagnostic tools for early detection of breast
cancer.

Materials and Methods

In the current systematic review study, we
explored the latest innovations and
developments in the field of early and
advanced diagnosis and personalized medicine
related to breast cancer by searching and
reviewing data related to liquid biopsy and
early detection biomarkers of breast cancer
using keywords, including Liquid biopsy
biomarkers, early detection, precision

medicine, and breast cancer published
incredible and well-known databases of
International sources, such as Scopus,
PubMed, Web of Science, and Google Scholar
from 2018 to 2024.

Results

In this study, a total of 10,555 articles were
identified in the aforementioned databases.
Following that, they went under the screening
process, and finally, 58 articles were selected
for final review; other articles were excluded
for such reasons as duplicates, and articles
whose titles and abstracts did not meet the
eligibility criteria were excluded from the
review. The obtained results regarding the
review of studies demonstrated that the use of
biomarkers in liquid biopsy, such as
biomarkers based on cfDNA, ctDNA, CTCs,
miRNA, IncRNA, platelets, mRNA, and
proteins, has a prominent role in precision
medicine and early diagnosis of breast cancer,
as well as other cancers. Numerous studied
biomarkers have also obtained wvalid
international approvals. Table 1 summarizes
the results of research related to the use of
noninvasive biomarkers in liquid biopsies for
early diagnosis of breast cancer.

The study findings pointed out that the changes
and modified regulation/expression of markers
identified in the liquid biopsy can be used to
develop predictive models to determine the
efficiency of targeted treatments and predict
breast cancer recurrence in specific areas of
metastasis. The findings demonstrated that
changes in the regulation and expression of
liquid biopsy markers can be used to develop
predictive models. These models can
determine the efficacy of targeted treatments
and predict breast cancer recurrence in specific
metastatic sites.

Table 1: Summary of Research on Noninvasive Biomarkers in Liquid Biopsies for Early Breast Cancer

Diagnosis
Type of Biomarker Authors Biomarker Sensitivity | specificity
Diansyah et al. 2021 miR-21 92.3 81.2
Deltal81CTmirl55 83.3 82.4
. o Canatan et al. 2021 Deltal81CTmirl25a 83.3 64.7
Ribonucleic acids -
Yuetal. 2022 hsa701rc_0000091,
(Biomarker panel) hsa_01rc'_0067772, and 97 90
hsa circ 0000512
fDNA Liu et al. 2021 cfDNA methylation score 93 73.5
Elhelaly et al. 2022 ccfDNA 67 90
CTC Stergiopoulou et al. 2023 CTCs NR NR
Extracellular vesicles Wang et al. 2020 EV (miR-1910-3p) 96 NR
Proteins Alharthi et al. 2023 Protein (ECM-1) NR NR
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Discussion

As evidenced by the results of this study, the
changes and modified regulation/expression of
markers identified in the liquid biopsy can be
used to develop predictive models to determine
the efficiency of targeted treatments and
predict breast cancer recurrence in specific
areas of metastasis. The use of liquid biopsy
for early detection of cancer is currently
performed mainly by genetic tests of tumor-
derived biomarkers, such as cfDNA in the
bloodstream. Nonetheless, the latest liquid
biopsy techniques have remained to gain the
complete ability to detect cancer in early
stages. However, the existing alternative
methods can provide more comprehensive
identification of non-tumor signals detectable
in the early stages of breast cancer. The
combination of an ultra-sensitive test with a
special orthogonal test (a combination of tests
based on different fundamental phenomena)
can be used as a second and complementary
test. This will create an efficient approach that
is capable of detecting tumors in the early
stages with high sensitivity and specificity (5).

Conclusion

Although there are many limitations and
challenges in liquid biopsy applications in
cancer early detection, many clinical trials
have investigated the use of liquid biopsy in
the context of early diagnosis and neoadjuvant
treatment of  breast cancer patients.
Nevertheless, despite the efforts of the
scientific community, most liquid biopsy tests
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still lack clinical evidence and validity;
accordingly, their use for research purposes is
limited. Therefore, more clinical trials
comparing the use of liquid biopsy with gold
standards are still needed to confirm and
evaluate its benefits in clinical applications.
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> Liquid biopsy

® Early detection

7 Sensitivity

¥ Non-invasive

? Circulating tumor cells
' Circulating tumor DNA
' Circulating tumor RNA
'> Long non-coding RNAs
1> Messenger RNA (mRNA)
' micro-RNA

1> Platelets

1 Extracellular vesicles
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Garrido-Cano et al. 2020 e 5> miR-99a-5p 68.8 65.3 (50)
miR-17-5p 100 75.5
Swellam et al. 2018 e (5> miR-155 97.4 94.4 51
miR-222 91.2 78.6
Kim et al. 2020 shae 9> miR-202 90 93 (52)
Adam-Artigues et al. 2021 | _daoeo 05> miR-30b-5p 78.3 72.3 (53)
miRNA-21 70.8 91.8
Swellam et al. 2018 e 5> miRNA-222 97.8 75.5 (54)
miRNA-373 93.4 99
Swellam et al. 2019 e (5> miR-27a 92 92 (55)
Yousif et al. 2020 e s> miR-99a 76.7 95 (56)
Diansyah et al. 2021 e 5> miR-21 92.3 81.2 57
Souza et al. 2019 e 5> hsa-miR-25-3p 92 83 (58)
. Deltal81CTmirl55 83.3 82.4
Canatan et al. 2021 b 0> Deltal81CTmirl25a 83.3 64.7 (59
Deltal92CTmirl55 77.8 64.7
Deltal81CTmir21 72.2 64.7
El-Fattah et al. 2021 o Hotair 76 76
S 09 Neatl 80 80 (60)
Pai-1 64 68
Opn 80 76
. miR-30c 97.3 96.4
Elhelbawy et al. 2021 ke o> miR-148a 047 90.9 (61)
Mahmoud et al. 2021 e s> miR-185-3p 95 66 (62)
Majumder et al. 2021 o miR-301a-3p 85 78
b 09> pri-miR526b 86 71.8 (63)
miR-155 86 90
Mohamed et al. 2022 N miR-373 85 100
e 09 miR-10b 60 93 64)
] miR-34a 91 77
- Ali et al. 2022 o miR10b 97.1 100
(b SlS g9 5 s 09 miR21 95 98.5 (65)
. . o hsa_circ_0005046 85 51
Ameli-Mojarad et al. 2021 | e (55 hsa_circ 0001791 10 ]7 (66)
Bakr et al. baes y55 miRNA-373 90.8 98.4 67)
Liu et al. lse oy55 hsa-miR-423-5p 66 68 (68)
- e (5> miR-23a-3p
Lietal. 2019 (Biomarker | MiR-130a-5p, miR-144-3p, 86.5 45.9 (69)
panel) miR-148a-3p, miR-152-3p
: sk (s> | miR let-7b-5p, miR-122-5p,
Lietal. 2019 (Biomarker | miR-146b-5p, miR-210-3p, | 94.4 88.9 (70)

panel) miR-215-5p
hsa-miR-324-3p/hsa-miR-
ke 55 | 382-5p, hsa-miR21-3p/ hsa-
(Biomarker | miR-324-3p, hsa-miR-30a- 89 92.5 (71)
panel)  |5p/has-miR-30e-5p, hsa-miR-
221-3p/hsa-miR-324-3p

Fang et al. 2019

Raheem et al. 2019

Blomatkor el e 5> miR-34a y CA15-3 777 | 83 | 712
N e e e N R
Adagéﬁfﬁ;;;%?” e 595 | miR-30b-5p, miR-99a-5p | 823 875 | (74)
e B S | o | o
e o P |
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Lopes et al. 2021 o . .
(Biomarker panel) e s> miR-210, miR-152 83.3 68 7
Sadeghi et al. 2021 ~ .| hsa-miR-106b-5, —126-3p,
e Oy ~140-3p, —193a-5p, ~10b-5p | O’ 80 (78)
hsa_circ_0000091
Yu et al. 2022 . PPN >
. e 95 | hsa_circ 0067772, and hsa_ 97 90 (79)
(Biomarker panel) circ 0000512
Zhang et al. 2021 o . .
(Biomarker panel) ke 5> | miR-185-5p, miR-362-5p 92.7 92.3 (80)
Kubeczko et al. ~ . |miR-21, miR-34a, miR-193b,
2024 e 057 miR-200a, miR-200b NR NR ®1)
o PTEN, SMAD4
Swellam et al. 2021 e 5> (Methylation) 100 94 (82)
Liu et al. 2018 o PD-1+1IL-10+1L-
(Biomarker panel) T 097 2Ra+CA15-3 933 614 (83)
Salta et al. 2018 o
(Biomarker panel) e 5> | APC, FOXAL, RASSF1A 81.8 76.9 (84)
Murillo Carrasco et al. 2021 o
(Biomarker panel) e (5> PUMI1 y RNasa P 100 93.8 (85)
Liu et al. 2021 ke 5> | cfDNA methylation score 93 73.5 (86)
Elhelaly et al. 2022 e 5> ccfDNA 67 90 87)
c¢fDNA Han et al. 2021 e 5> cfDNA 70 76 (88)
Zhang et al. 2019 e (5> ctDNA 74.2 92 (89)
Bortul et al. 2023 ke > cfDNA (EEF142) NR NR (90)
Stergiopoulou et al. 2023 e s> CTCs NR NR ©1
. o CTCs
Cani et al. 2022 e s> (DNA NR NR (92)
CTC Wu et al. 2022 e s> CTC (FR") 63.3 93.7 (93)
Cani et al. 2024 s o> CTCs NR NR (94)
. . | EVs (ncRNA DNCR, CA 15-
Shi et al. 2022 ke o> 3 & CEA) 90.8 914 (95)
Wang et al. 2020 e s> EV (miR-1910-3p) 96 NR (96)
Gautam et al. 2023 e s> Exosome (Mucin) 75 83 o7
Wang et al. 2023 e s> Exosome (miR-21) 95 95 98)
B JsSs 59 Yoshikawa et al. 2018 e 5 | Exosome(miRNA-223-3p) NR NR 99)
. Ozawa et al. 2020 ~ .| EV-miR-142-5p, miR320a,
e (Biomarker panel) shee 09> miR-4433b-5p 933 68.8 (100)
Liu et al. 2021 ke o> EV-hsa-miR-21-5p 86.7 933 (101)
Kim et al. 2021 ~ . |EV (miR-9, miR-16, miR-21,
(Biomarker panel) ST 07 and miR-429) 6.8 80 (102)
Alharthi et al. 2023 ke o> Protein (ECM-1) NR NR (103)
Jai Min Ryu et al. 2023 e 5> Protein (CA15-3) NR NR (104)
Garcia et al. o PSS . (105),
Zografos et al. 2020 ke 55 | Protein (Filamins, Cofilin) NR NR (106)
TNRT) . . |Tropomyosin family, Gelsolin
OV 9N Giri et al. 2019 e (5> and Ezrin proteins NR NR (107)
Bartkowiak et al. 2022 e (5> i gy CCN1 80 99 (108)
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