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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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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-21 923 81.2
Deltal81CTmirl55 83.3 82.4
Canatan et al. 2021 Deltal81CTmirl25a 833 64.7

Ribonucleic acids

Yu et al. 2022

hsa circ 0000091,

(Biomarker panel) hsa_circ'_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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® Early detection
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¥ Non-invasive

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

> Platelets

1 Extracellular vesicles

doddo
IS )0 orges Cdl (ol apags (ol s a5 Ll )
25 Ogeles 00 Ve Ve Jlo )3 5 900 Jled 4 e
(F V) Wols cuws 1 vgx e (ghlews ol b @

S wibos Ol )3 S e ol Jule (regd (6l 0
Cewd Gy 093 ol S S LE ad el T ST e
2b, (panseis adgl A e o b s (STU(Y) aeo oo
(o nl el sl Loy slis il w9 oy
T SR C P FEES e
len 53 gt 5 ol welys b slaystS 53 oy
TV aeTo b (sl 988 o Mol &5 51 y2a s b o
U5 eesSye ol ol b el onds syl (HICS)
PO o5 o3 (sl fasar welps o8 sloypas jo by
2ogdle (A V) Col i 29 B jsba o Jlo
o 4 S walo b gleysss o oy b ol
9 bl eolatdl cola s ams (il LSl
5 Ol 035> 50 liabl LB (slalol (ladd pizeen
2pslise ol 1y slosgdl JLid (205155 et
Gl 4 HICs o "olbw Sboss; g5 «J ol b
polae sobar Saipicy slagleys 9 (yo9) LAl
S Gmlil (Jods (ren a0 (1) Conl aiBlivgege
Ohlos el (uils Gl corgo wilgioo Gl S5
23,5 O ye sloanyze (1als 5 (loys Wis) g s
Jolre g0 gy aops 00 Lol ol Jl> 5o
Gl Gb 5 ax 51 aigd e ools el aldio
oSl ol plndg; (ansis ;o p2l Glacd i
o ysls g dxwss Lol el ools sl ) 1, oDk (sliy
ol plmsgy panteis oty 0
Cwl oSS Jl> jo cejudy g9050 ol aldl (V) ol
5 Sglsm Syo pe bdin o 4 s pl &
i wiloe SIS Sty S S
b &Sl oen platlly b ol plinsy;
aS b3l sl oMbl 00,8 o g ol anslil Slwjoa
Copie glp st Cd i J o Gl oyme )
Nsy 5 S35 Geied el (Gl e Lol oy

! Incidence rate

*Low- and middle-income countries (LMICs)
* High income countries (HICs)

* Cancer survival rate


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

O N0) wbl oo Lo ly Glo cussm ;o b aslis
@ el jsbar B cwl oad (SO0 (55950 asdllae cnl 5o
2 9790 $yS les Elsil 5 mle o gmism o,y
Caz by et slo Sl Lelse plyieas lag)]

Dyl A Gl Gl pliadg; olulis

P bl el mle Sl cmg 55 00l by Sobiulie
Ngd oo a3y, (Siden sladised K00 5 ly (s>
bl eolail (53085 loyS loge (ol () pgad)
Iy Sl ohlaw 5 ol oLl 58 S Sl
e bl cmle Sloomygm 0gdlay il oo yune
P S 30k Seles o8 9 Hoole (o yiws oz

el 33 39290 1 )5 slogar g oy Cilidko Glaslo ) 2 guai

Olb e Slaz Al po 5550 5 Jloalold ol il e
a bygre 5 Ssliwlie olbyw olyicds ol 45 e
bes B o0 (Plp ple 4 oS cl Gl
5 Ol Ol o it Jolpe KLl ¥V pgas
Fpllisg; paseas wilge al>ye o 0 T Condy
Gl izmen 9 M 831l Sl Cge oy
ol J 0 (V) wl waler ey sleas e
2 e Ty 5 Camlen 236 55 SlS laces
Sl SX00 Gl 4 (V) andl oo b adgl Sl

OA) 0l o ' ailas e adsl Uolhe o gl ;)

> Distant
® Specificity
7 Asymptomatic

Chyi Sl bl p Ol 1) bl 25T
JT T O S N ST JRp PO
# ol G Gl &5 il S sanaib
S el a8 a1 5 18 5 2yl slaglad
sl oy jop Eopi akidi leca (in situ)
Tsmige by Olyrear 39 b sho Jolie (IS 5ba
O3 Gy908 Al edinS n j0 AT Wisd oo aBlil
o g 90 Jole po adly (0,58 9yl 5l slaill e
oS Sl a5 bl @l glaihie by
Goled sad b g il deplasl (Suop 2lei a4 ol e

! Stages

* Stage

* Localized
* Regional

ol ! iy s kows ok almo | 411K 3 3155 cpm o0 43

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by O p LSR5 (il 55 ol Conodl 9 &alo (ot

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

TRV (Lo ) 3 78w (F alo o) Ssbiaslio iy
sl ol aseis 5l e Jlo & 0 UYY 5 JL Y
Jole 5o Ol Olbyw aris (ulply (Ve) ol
O )0 pagS e el 5o oulel & 4yl
slodshe ololis (@STobn e Glp &S5
Il liime sl adyl ol o ol
(GlFpele Aozl b pasis glas Sy,
S5 9055 (B P o oblise los, 65102 090
S50 1y omism 9 O9Ss JeeS Bl ses s gelS
Gl BSaSs ol o ol b alools 15 anlllas
ceslie 5 0392 ol (oo oS WSl placadgase
el bl js e Gl glals Gln Gogs
Slr ) Glo Sl dang 4 ) 055 a4z g ik

(YN )los 5" Gglans liay oo yus aseiss

adol J=130

Ffsa Ola o

Years of cancer progression
n

Jol dl>ya 293 dl>ya

o s jsag S Lt
335 s il
Gl g oo il e g jdaa
SifoatiReEal 3o 3

Ol Wlgiee adsl Jolye 5o Sl Gl anseis
Ol & il o fy plbsw I (L6 s S 50
Sy 95 ye 5 sap Ol s oS gz LB
el Ll s plos 5 s jls U5 Ol o s
4 Lol el GRalidlans; by Gl S5 Ol a2 S
Ol e slagleys 5 pllimsgy asas s
oaeseid (V) wl asl malS diwgn jsbas 1esS so
G @l a e Gl iy Glbje sl
Ol S G sloasls bl 09d e
sl Jole o a8 U sl o sl Ll
3t e wiloads ool aseis ol ol
B adle gl ad oy sl ,w a5 cwl slagyl
s ¥ ) 5o (V alsye) adsl dolie )0 ey Gl sl
anlgz ol B 7N e o 4y oie pansets | e Jle O
Oy sl Wy a5 was oo lid bl (Jl pl Lo

adying e

Pl A (e o

pow al>yo aile> do>ye

il iy s b ) ses
a2l g 4y ) Sl 4y e
[ENEI ST T L S Al By g
S el r )

(1+) 5 sloms <yl alizio Jo 30 0 by b juw Comidg Y i


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

o 2] 3liumy 56 slont solke Alzro | oS0 g 313 oS

oA 09> slad Sig, 5 sgls o paan b oad
""’)f [Cad¥d 6‘47“" L.;‘“’)J 9

Lazsl
Golly jo allie V000 (ggeze ,o wslllas oyl o
Alas OA (Jb cpul b wsas Slolis Sall 598 Sledlbsl
9 wad obil ol oy p Gl Sletsn joba
SYe 5 615 3050 gzmen (LYs 4 Ve ple
) oog bulys axly Glaylas ol 0asS 5 olgie oS

o 095 9 dlgo
5 979wz Gk 5l (Sl (5590 anlllae ol 5o
S s 5 mle cwuge b g e slaosls o)y
ool b ol gl plisg; pashis
Liquid biopsy biomarkers, ,lu  lojlgals
early detection, precision medicine, breast

el pize ools slaoll jo oas i cancer
s Web of Science [PubMed Scopus .l

s YYF L YA bl o Google Scholar
oo PRISMA Checklist 48 YV s)lge L Gollas

P
glesls gl okl (o o eals il Slalllas
B | el o tne
3 (1=10.555)
Y oats ol lalllae
(n=9976)
(n=5479) s i ds s iss pae ®
S — 5
(0=4210) 31t 4 gypp0 Wi *
pa— i 95397
(n=287) lagpe e Vi *
% M 5 e
(n1=579)
Y
pae s ay oWlEs 008 =l
B S il asls
(n=492)
f;: SWlEs a5 e i)
=4 (n=87)
3
S A s el o S = L
G - = Lo gt 0 g
(n=29)
oy
-
9 aalllae s aat 51y = Ylie
(n=58)

Lyl i35 9 JUy il )8 g andllao yo oo edlaiuwl cYlio &yl gdd ¥ 3 guai

9 o5l boSleg 5l (Fn ) s 5 08
el el le et a4 bl b S
Sl O 055 ohot mle smase o) leg
Ol ol sl i Ol b il S
STy 09z g Gl (nl eg Sy bbb go
2 559wl Gl e Sz gl 4 s)lew

2,5 oolaiwl pased Sy

)\b AW ru.u.a.b UYLM 9 ul.r.anA ;g.uLo...m...m " o la
6Lm;)La5.u o);)lf 0)5]0‘ 45 KW UGM 4...».‘0) U"‘
5 BB (b 50 (Syp G cle (cmig 50 9750
ol ol ;500 5 Gl by plansg; (asseis
Hodlies pine sloaganli gl 5l )l 5 05 o
a5 slogm 5 @le (omgm 5l dilod S S 55 ) i
Llagl LLs)l 4 a2 b gl ol 5o 0925
oolawl ;,am’ W >S...q)4 5o QL...M; OLb).uJ Lgl.mws.d

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by ol plSER095 (il 50 ol Cepodl 3 2alo (ouy g

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55 ]

VY (F): 00-A)

oyl a5 wloads 7 ke opl 5l i il g MRNA
Sewd 4 3l g Lol dlewdl-g ) G55 5l OlFe |
bl bl Cuz o silie globg, (YF) o0
5 Sl oal ool lis F opgar o a5 wileads Byae
ooliiul b b ye sloimgh mls 5l slaods \ Jgo
oz gl Gl 0 orlind b S lese
Jsiz) el o 00y iy lbj adsl aseis

O

PRy (i ;0 @b G omign 9,

ol ol
Seolpear SSsele Gy oy asis o
o (b oy 50 5L sl (oMb 3]
wrgs jslaieds goaaie Slalllae wizje (YY) 99,00
Ol Ol pllim3g) ardeidd soled d slohs,
CfDNA ;e 6o )S jlos (YY) ol oo ploxl
s, IncRNAs miRNA CTCs «<tDNA

b b juo 30 23l (o g 31 00laiwl b 0glll (ool jud (U ) Hlogus ) Jgur

NGS: next-generation sequencing; BLI: biolayer interferometry; ELISA: enzyme-linked immunosorbent assay; NTA: nanoparticle tracking

e aged ol gl alope S)logn bl o9, o)
Cohen et al., 2018 LoDl of I-I11 ctDNA PCR 4 NGS (Yd)
Hirschfeld et al., 2020 el FA | Loyd9; al> e ) mMIRNA RT-gPCR (Y$)
Jakabova et al., 2021 O Yo | oopey a8 CTCs Metacell/qPCR (Yy)
Solom 48,0 5
Zhong et al., 2020 s 0 -1V IncRNA RT-qPCR (YA .YA)
Chanteloup et al., 2020 | sl /Ll | Y- - Ip35;5ICTCs | BLI/ELISA/NTA/CellSear | (y+)
ch System
Zidi et al., 2021 LW A onpsey dloye o slacodslie NMR Spectroscopy (rY)
E980%
Darga et al., 2021 09> VP Glem céya, | CTCs, CellSearch System® (rv)
EXH sleesPD-
L1

Lopez-Jornet et al., 2021 38l an -1V g oboriign sl Ul (ry)
Kure et al., 2021 Sl . I-II VOCs GCMS” (v'f)

analysis; NMR: nuclear magnetic resonance; GCMS: Gas chromatography—mass spectrometry.

([ [ [

B )5 ylogus (2 Lwlicds b lad yo sla g 193 :F 5 guad

JB by hles cpl 53 DNA Col o5 wal caws 4
p O )l & e S8l iy glaladle
55 Olb e iy homi b o] bl 45 05 oy
Condy b)) G0 ladlas o (YD) al asiv
Sscas 45) PPMIE 5 EGFR jigagy (ysedhie

O 90,5 50 99250 o1 SLDNA wldllas 5 55
Sl s g DNA ol sl JUT wlal 15 (cfDNA)
s Sax Silese Olyiea DNA - (edlie
Sladlhas [0 ailes,S s Glwy olbyw plKinsg;
S hles ;o Ldl ;o DNA S5 LSS a3l



http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

Glyp 3 oen g Erbes (F:) ol o oylis (situ
3 oS U s GLMIRNA (L amhaw Sb Cinss
@ aS w08 owyp 1) by Ol Ghles Jlhol s o>
A e Gl lasb b slls ol 8l ‘:L...’L..,.u
ol 1) byl Lol uoen aslllas ol (F))
5 0gd e soliiuwl ol sladiges 5 Loyl jo a5 aiS e
o 4l sy Ct-mIRNA > by oS &b
)8l s (miR-424, miR-423, miR-660, let7-i)
S b plalid tegn So e Gl gl ol e
3l slaiges 1y oy hloss J5eb B UK &
—digad ddlllae S pioren (FY) ol o Lanseis olle
Slssas 1y LmIRNA - JoSUge ol canls
Oy 09505 2 lr gl g S logs
5 eolanwl sasmolis a5 (FY) o5 asie ol
oz gl Glacman ) Sz e (JeSse slo S leg
oo (i Ol gy 6L 2

ol 55 Ll 939357 5l onds 5ie sla' INCRNA
S8 e Gl Glbjw kel Glbyw glgl
09dll slo S logm Glgieds aiilys o (nlnly g Wod oo
INCRNA HI9 (F8 F¥) wsd a8, L 15 505
2SS L e (S5eSl a5 ppe 0 S92se (0095955
Foie & S ksn 35 Semml 9 w2l o Jske
ol ()55 Gl by S8ty W9, p Ol g
SR Jdosga o 0,90 Glidod adlae S jo oy
ol a8 Bl o o) Kimesy addllas cpl o (FF) C8 5
0sF ey > slabsde LB jsbay seg59351 HIO
el Sl a8 anals bl b ol ol e
S Sl Pung pasiss Slsn nl oo
S5l 8 lalbewl e S log 5 g (60 ,Sles

I, (TEPS) " gug5 solaisl ond Cony oS
caPiS Sqzr golaBl b )S lese Glsiear Ol
8,5 a0 e sbvaiges jloslaill b e s
g9 o bl psS-ol Glegh ohSes 5 Ce
5o sloos S5 5l Sum a5 Ll 5l 5l alubis

3 Long non-coding RNA
* Tumor-educated platelets

WSl aligeg 9 Ol Coyin 0 S5 Jelse
Next  osilsecy b Jl5 @b 5l (Sedes
azsl b Lol yen 0l bl Jb ondgl 6l Generation
oo wSld plbrw g Geedlitemle lpica
» Sl ohlem o ot 5l VL e

(FF) ool 00 samlie Wllos o131 b dnylie
l, €tDNA) (5,305 Lo b 33,5 Jb> o sWDNA

Bl Gmsn 5o o5l Sl Olyea Gl
Ol by o 2l (55 lagiea @lolid cox
S0k O S Ol en g sS85 Sl o
£y Cld asil Cyz odd >l CancerSEEK
Gz e Bk Ol Gl e dlexjl b e
NRAS TP53 Lli) cfDNA 5 & o
5,50 (PTEN 5 APC KPAS PIK3CA .CTNNBI
788 Sig s AP Comba o] ols )5 sslicul
B3 y9] Cawd @ lias o 0 Lewdls lolis 6l y
» PIK3CA 5 slo gz civgh ;0 Guizeen (YY)
0 b @byl gl by phlen lendly
s sl wsls b oS wil e | 3553 <y PIK3CA
3929 limy ol 8)lpn ¥+ 5o Loyl 5 00 (e
TNee Sy 9 LAV Cawlus adlas opl jo o)l
(YA) w5 e

o S o T ysey sbadsbe alulis
Car eo2lind gbS b lyea (CTCs)
) edusel @mbs Gl glbyw plasy) (asuis
S gy Sy lea g mgyS Sanl eols s
>hb CTCs aseis slp |, oobes alS 5 gy
5 Ol Oy Ghlow o SIS Gl a5 wlos 5
(TR S3lson e Lowsdly 56T 33, 511, Il o3l
3 63,509, MIRNA - JoSlge o (sl 039!
oS Glp | p2les o8 la S ileg lulid
SR 50 g0 Jled 4 Gl plbp plas;
by hlow prw o MIRNA Gl mlaw (2b5)
MIRNA g gsomme epllos sldl b o] anglio 5 oliny
miR-1246, miR-1307-3p, miR-4634, miR-)
L1, ol yes 45 0 039051 (6861-5p, miR-6875-5p
TAAY cds s TAYR Shs s JAVY Conles

' Oncogene
? Circulating tumor cells

o 2] 3liumy 56 slont solke Alzro | oS0 g 313 oS

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by O p LSR5 (il 55 ol Conodl 9 &alo (ot

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

AV (F): 00-A

(CECs) " 30,8 Jo o Jbgwil lo sk wils
(PMBCs) °s5 slinss sl Jshs LCTCs
F e .

G5 b e esbmass Gl sladske
s miRNA mRNA <tDNA «fDNA (sCSCs)
sbySle » oodle (o> slaaiges ;3 bapgseS]
oaeseid 5 adlgee Lol ladigal 0 Sl

. . A =

Ol 0 gyl @ Zul (dmiin 5 05 plog;
gl ¥ Jgszr elel gy B4l Gl e
4 b 9> o pledy) pasis la S Lo
)9.|4QL<>® Ll 00l ) LQQ] (;)Jj 9 Sl olfw
ol wyp & Oldlas =S el ool ools ylid oS
circRNA miRNA jgzan laow! SalSgign ;) dul
elols 5 gluler 4 b plas e oldlas
b oyl 008 0 p)l5 @ axg L Jb oyl
DipeS 4 axg b oailg e A5 s aied))|
590 o] Slubs g gilulos o Gt slocSaSs
Tl sdseiy ol » egdle
Oy (y99) A 5o 58 boeSsn 5 Joke
ol 5o i olllas Ll a5 W)y Coenl by

RONC RSP

LQ;)LA}..: u.:‘ )l oolal M‘ x» ..\.:‘5.'69 039>
1580

it 3 5 oser o bty o le Jlo ol b
Slosle Lawgs b S lage 5l S50 b dadds wi)ls mle
CA :Jols a5 wloats ol (FDA) K0l ol o lid
EpCAM la Silas b (505 55 j9e58 la sl
oolainl 8 50  sog0s O ygods a5 diiws CK8 4 CD45
6l FDA 00l 3590 () Sl gt 5 i35 158
L () o)l 092y bty Gl 6 80L5¢ b aniess
S5y el Slaglill b wlllas ax > o
wlosls plmil mle (gmge 53 Glny Ol (5185 loges
] 00 ;0\“ Jju\? B as

4 Circulating endothelial cells

> Peripheral blood mononuclear cells
® Circulating cancer stem-like cells

7 Relapse

S Wb e S5 Folite Jelge Lawgs (b Gl
SlosdUT cpl wls oo S350 cos 1) eSS olime
o Sieeliilse jsbay TEP gshao 5 oo
,» TNBC U 4 PIK3CA HER2 slaog 5,5 SLSis
2 Gl by Glles

Olsedr otisy 5 MRNA) 'lojely sLRNA
et & Gl Gl plindg) anseis sla S less
SBb @l sl s sladiges 0 45 g0
3 e o i Slalllas 5l pan alaly cpl o Nsd e
34§98 & ld 3 oy 090 |y (are (95
APC go Siloss ¥ Ll Ko o Salta  aslllas
as 88 s oLyl 5,50 RASSFIA 4 FOXAL
Oy Slee jo Lmo] obe C.la.».u O oalo olad
5 Ol vy o s Gl Wl ol 1l
(V) ol 555 VR S o LAY Coles
» =9 hB ;b a4 sFas ¢ (cancer antigen 125)
Sl aily ol Gl Gl s olhlew @l slodiges
Spe 9 VIO cawlus lilo b Sleg (! gg0xe
L s ,S lgs sFas 3 CAI25 sl o 7581V
o 5Fas 5 (Sarazras sl Sy b iy nsSlS
Cailon 55T 51 8 W3bioe Jsbo g 55 o,
(f/\) é)b g.,S)L..wo )9.093 s.,\B).w.u 9 00)5

Sl (ppas 0 eud plul Ol

Ol by 53 (pansilid
sloan T aieils S35 039> 50 bagsslid 5l (55l
wiloe diges (iluoslel Sz odz g slal> peniz
WJlo sl Bl angen w2 5 nobe o2 wlgi o0 oS
o Sl o @bl Yeeme DNA gl sl
‘“‘-‘-.'.1)5 ol dsk 50 ) ogbe plxil (gl
SIS g peels ol el cwlul (gle s
Toled wiile plaanT s oop)8 3 Shos 5 JsSUse
b Jsge 9 b okw 5l salize glgl .05 35 oo ).,ul_;

' Messenger RNA
2 Antiadhesive
3 Enumeration


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

shazxe (395 30 Gl (b juws (w309 (aasdd (5l ouds (o Lwlils Gl )5 Hlogws ¥ Jgur

o 2] 3liumy 56 slont solke Alzro | oS0 g 313 oS

Sologw 6 RLEETY g T S rlog Comlas | Sy | o)
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 e o> miR-202 90 93 (52)
Adam-Artigues et al. 2021 |  droeo 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 s s> miR-99a 76.7 95 (56)
Diansyah et al. 2021 shee o> miR-21 92.3 81.2 (57)
Souza et al. 2019 e 5> hsa-miR-25-3p 92 83 (58)
o Deltal81CTmirl 55 83.3 82.4
Canatan et al. 2021 =20 | Deltal81CTmirl 25a 833 | 6a7 | ©9
Deltal92CTmirl 55 77.8 64.7
Deltal81CTmir21 72.2 64.7
El-Fattah et al. 2021 L Hotair 76 76
e 09 Neatl 80 80 (60)
Pai-1 64 68
Opn 80 76
o miR-30c 97.3 96.4
Elhelbawy et al. 2021 e s> miR-148a 04.7 90.9 (61)
Mahmoud et al. 2021 e s> miR-185-3p 95 66 (62)
Majumder et al. 2021 . miR-301a-3p 85 78
b 09> pri-miR526b 86 71.8 (63)
miR-155 86 90
Mohamed et al. 2022 . miR-373 85 100
e 09 miR-10b 60 93 (64)
] miR-34a 91 77
B Ali et al. 2022 o miR10b 97.1 100
B SS g 5 e 09 miR21 95 98.5 (65)
. . . hsa_circ_0005046 85 51
Ameli-Mojarad et al. 2021 b (95 hsa_circ 0001791 10 37 (66)
Bakr et al. s 55 miRNA-373 90.8 98.4 (67)
Liu et al. b oy55 hsa-miR-423-5p 66 68 (68)
. shoe (9> miR-23a-3p
Lietal. 2019 (Biomarker | MiR-130a-5p, miR-144-3p, 86.5 459 (69)
panel) miR-148a-3p, miR-152-3p
: sk (5 | 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-
saxe 9> | 382-5p, hsa-miR21-3p/ hsa-
Fang etal. 2019 (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
Raheem et al. 2019 . .
(Biomarker panel) shoots (5> miR-34ay CA15-3 77.7 83.3 (72)
Jang et al. 2021 . miR-1246, miR6, miR-24,
(Biomarker panel) T 057 miR-373 8 %6 (73)
Adam-Artigues et al. 2021 o . .
(Biomarker pancl) sk 9> | miR-30b-5p, miR-99a-5p 82.3 87.5 (74)
Itani et al. 2021 | . | miR-145, miR-425-5p, miR-
(Biomarker panel) 09 139-5p, miR-130a 7 ol (73)
Jang et al. 2021 bsee 35 miR-1246, miR-202, miR-21, 853 933 (76)

(Biomarker panel)

and miR-219B

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by O p LSR5 (il 55 ol Conodl 9 &alo (ot

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

VV(F): 00-AN

Sologw 65 RLEETY g S0 S rlog Comwlas | Sy | o)
Lopes et al. 2021 . . .
(Biomarker panel) e o> miR-210, miR-152 83.3 68 (77)
Sadeghi et al. 2021 . .| hsa-miR-106b-5, —126-3p,
e O —140-3p, —193a-5p, ~10b-5p | O’ 80 (78)
hsa_circ_0000091
Yu et al. 2022 S ’
. e 595 | hsa_circ 0067772, and hsa_ 97 90 (79)
(Biomarker panel) cire 0000512
Zhang et al. 2021 . . .
(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 0% | hiR-200a, miR-200b NR NR (1)
o PTEN, SMAD4
Swellam et al. 2021 bz o> (Methylation) 100 94 (82)
Liu et al. 2018 . PD-1+1IL-10+IL-
(Biomarker panel) T 05 2Ra+CA15-3 933 614 (83)
Salta et al. 2018 L
(Biomarker panel) e 5> | APC, FOXAL, RASSF1A 81.8 76.9 (84)
Murillo Carrasco et al. 2021 L
(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 shee o> ccfDNA 67 90 (87)
c¢fDNA Han et al. 2021 e 5> cfDNA 70 76 (88)
Zhang et al. 2019 S (5> ctDNA 74.2 92 (89)
Bortul et al. 2023 e (5> cfDNA (EEF142) NR NR (90)
Stergiopoulou et al. 2023 s s> CTCs NR NR 91
. o CTCs
Cani et al. 2022 s s> (DNA NR NR 92)
CTC Wau et al. 2022 s 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 e o> 3 & CEA) 90.8 91.4 95)
Wang et al. 2020 s s> EV (miR-1910-3p) 96 NR (96)
Gautam et al. 2023 e s> Exosome (Mucin) 75 83 97
Wang et al. 2023 e 5> 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,
ok 2> (Biomarker panel) i miR-4433b-5p 933 68.8 (100)
Liu et al. 2021 shee o> EV-hsa-miR-21-5p 86.7 93.3 (101)
Kim et al. 2021 ~ . |EV (miR-9, miR-16, miR-21,
(Biomarker panel) ST 097 and miR-429) 6.8 80 (102)
Alharthi et al. 2023 s s> Protein (ECM-1) NR NR (103)
Jai Min Ryu et al. 2023 e s> Protein (CA15-3) NR NR (104)
Garcia et al. o PSR . (109%),
Zografos et al. 2020 ke 55 | Protein (Filamins, Cofilin) NR NR (106)
(TSR .. . |Tropomyosin family, Gelsolin
o9 Giri et al. 2019 e (5> and Ezrin proteins NR NR (107)
Bartkowiak et al. 2022 ke o> i gy CCN1 80 99 (108)



http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

o 2] 3liumy 56 slont solke Alzro | oS0 g 313 oS

by b s jo lieo (5,5 Hlogw 3 (Sl wlalao ¥ Jou

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

1,5 sloges sl g9 | olslony Sl DS 1D
Circulating microRNA 21 clodalive f. el NCTO05151224
serum miRNA-373, miRNA-425-5p expression sloaalive O jb NCT04720508
ctDNA glalsloe [ - NCT04530890
ctDNA Elovsaline 38 - NCT05050890
Circulating miRNAs lalsloe vq LIV NCT01612871
Treat-CTC clodalive VWYY SIT NCT01548677
CTC (CirCe01) clalslas TN SGIIT NCT01349842
CTC (DETECT IV- A) lalsloe V& SBIT NCT02035813
hsa_circ_0001785 (Circ-ELP3) and &loonlie A - NCT05771337

hsa circ_100219 (Circ-FAF1)
Pregnancy Associated Plasma Protein A &losalie q. - NCT06174571
(PAPPA)

Shas (a8 0 Jske 90 sRNA 4 (ctRNA)
b aslio ;8 RNA sigd o bz Slbyw (gla sk
Sy 485 a5 45 Ikl JsSlse 5 lsica DNA
b by ol glacossaoe 51 (So Sy opl &
gl Gigy SO a yols > o 5 ol ietRNA

ONVY) abl oo ks byl (gl asge
 Sleys b olyiee MIRNA Gly (o2 G5k
Sl ey 5 Jlort 1S 45 55 o b )
miR21-5p slacys (ONVFNY) oy salyss sgu
miR- miR-126-3p miR-125b-5p miR-100-5p
5 Ol Oy b Ly miR-424-5p 5 375
dovitinib (g5 ls lawg Baws 5,50 JoUge (5l yuuno
9 ceged Sl 4 el ,o by cnl ol Sl
S o 283 I Ll 950 Sbleg,l slroniS s
miR- miR-125b «coiihgeo @ polin jae95 (gllo
Oleyo 5l s miR-100 3 miR-424 miR-375 (126
5 ol & ol layseg gl SN L anlie o
G gl oldlas 5l Sy (ONY) sl el b
o iles,S byl ) (NAC) Teslrolsts Sle s sons
FoS ol gobe b leys 4 pglie (Lo adlllae S
s miR-36135 miR-5008 miR-4283 miR-185
miR- 5 miR-4715 miR-1302 ;YL sl rsbw
520 glaalllas ool s opdle (VVB) A sy 3144
(2lygsly 4 Cwglie 4 bgye smiRNA L,
1y bt s DNA (gilosls * Jsho 0990 s3bs (S

* Neo Adjuvant chemotherapy
> Stemness

B SdS $igm 5
McRNA) 'ousas 6 RNA  (jpely Slinios
oyl 5l ogall soliiwl lp S>o5 GRNA o o594
i g G ey sl Sl liea
adly Gl ol yties Slold g SLS Juds 4 e len
Oy 955 5,lub s 4 miIRNAs .(V-1) el
b 3 ol oedle lon,S Ll 0e 4y 1) aBde
cil o oieas MIRNAS zhw bl slaglb
asly dl jo Lsas LMIRNA 06l o puss (e
3 el o5 ST R 5 5l 5 e e 5o
oy @) caz 5T L adllae Sy igd e il
s sl jasis ;o mIRNA plolls cds
Gl 5 TAD Coslais] ggeme o 28,5 alxl
sl lolis ¢l MIRNA cod,ls Sily a5 7A)
2o @lle S)lse 5l s slaglo w4 e Lo
ok s "olosply GBRNA (ol odle (1))
e Ghlow 93 Olyz 5o b olsl sl (MRNA)
4 e a5 o globs VA% Jle o ol
o9l gy Sl Sy Olyeas MRNA- olules
S SOV Vo) an b s casis g 25T i
5l slakas (CfRNAs) " Jshoo 900 GLRNA Koo
5 @3S G SzsS Slbkd 4 baes a5 wie RNA
by 05> ooz 50 sl b 03s,S slasle by
GBS Gy SLRNA .(0-) Wil o

' Non-coding RNAs
 Messenger RNAs
? Cell free RNAs

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by O p LSR5 (il 55 ol Conodl 9 &alo (ot

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

AV (F): 00-A

WA et 9290 sloys o i ESRT ¢ EGFR
@ gloyo Cuwglin L ctDNA o KRAS  ig> (VYY)
Oeizar (VYY) 095 ol jor a;’;\.”‘).'l.ngj-é 9 fmﬁ*ﬂ’
PIK3CA ESRI1 ERBB2 la 5 <ol s o g
i Job o a8 Jllew yo cyclin DI g MYC
odplive w3 S 18 CllSiwsdl Hloys cov (g)lew
g 65 kg olgeas CfDNA & .(V0) o
b 313051 Gl Gl hlow 6 8L 5 (anteis
odls 03,9l ¥ Jgaz o bl Iy Cowlus ol jen 4

|
oo )5 sloga

ek 4 (S5 (gl penille o DNA- dliie
S5y 2 e 09,5 S o3l Jal ol o5 oo
GmC) & crjgims Jeie JS25 Sln risie O 025
O 5o b jsba DNA edle (VYD) wilyge
Ogedie (rmb e GlagSll wizje il o 3]
@boled Gl fola oo lon alis plgasa; DNA
3 &okews DNA joidlie Olypuss (VYF) Conl 0als
2 Al &5 cul ead S ol obxl
o cars 5 o Slale ;5 ok ol (555085 (slo sl
Sl 1y Jewily, ol Geizmon L cogdledy caigdy 8l
S lp Sy @il Gy S plsea oS
s ,sd ST chy VYA YY) wigd oolisl (g lons
O Slale ;o |y DNA fgediie sla)S ke a5 ad
Oleeas Bisulfite cog5y b Jlgs o)l 5929 5 5V
13 DNA (yeadlte meiis sl " b o lstzal”
@l sly ol QUlg Jds 4 a5 05 0 a5 L
bocda Sopasis O, b gt e -0
Qe g (oS S 50,5095 Gogy il O TF) wdle
Og Jeie 0 g gt & iz S oo 2l ],
o1y (Sl Hebay wedlgens o b iaSly Sy
Slal glas, S5 DNA - G5l gt 0o o0
S dgdige b Jeslys 4 Gomlials wnl @ 5k
b 3gdo0 ololids rasd Olyieas PCR by Ldlaze

Sbedyiiiws anlp ol b SmC by

* Palbociclib
3 Fulvestrant

5l o~ miR-142 3 miR-210 miR-221 .10b
5 P o olo anlie s il yuldl olgel,
il il MiR-221 ol gl 5 ials miR-182
uo}.a} ) 0l r:l:u‘ Sllas B Y Jﬁ“\} ) OYH)
sLmMRNA § kcircRNA miRNA L, o)y
‘;3&95%“@0!,@@614@@59@1&“

W PR ;Q LQUT

b (g y0 ctDNA/cfDNA
o DNA 5l Sladas 4y (cfDNA) Jols 500 DNA
Lo shor 51 45 55500 @l 955 50 Sl s ol
ONF VD) Sgd so aBu, 93 (50,5 4 g oad oljl
o s 3,40l 0 5 10) sl b 5l Boas efDNA
omzed 5 (oo (Bolas 550) 29SS 5 ok
S 50 A NY) Wgd oo 031 ygeg 5l Jlad s 3
Gl oy Sl e 0dd (gjlulas CtDNA s Jsl
Slogiegsy sl a8)S 8 addllas 5)50 gl osill
Jelse 51 o s Gl 1) 805 0 DNA (goaeie
5 Solem Sépiy ploe 4 el @S (e
W3S owyn Gl Olbpe 3 FolisS Sleows;
Los ole s &5 sleoe j9r oz (VTY-11Y)
el @3S 15 2Ll 0yse Sldllas Sl (S o
Ohbosr 5o Tolegisial s o)l 4 Caaglin (slaunl
TP53 slags (e 3 owrp Ol @i b
obless ;51,8 NF1 4 EGFR CDK12 SETD2
Ol gl s sl ad pluolid Gl Gl s
gy Slogginl i (g9l 4 a5 Sl Lo ;0 ERBB2 (5
SealS gl pl 4 polie o3l L anglie jo g ools
elols Ol sy slaws (6,50 axdllas .(VVA) 0gy aidl
L3yl 1) CDNA - o aidl g T Slold 5 ond
il gz LU Sl don] mls Beb ool 00,5
O oMy ead gl Ol slaws 5 ialS
o a8l A iy o g, e 5l

MET ([ERBB2 [PIK3CA TP53 . luedle

' Apoptosis
2 Necrosis
3 Trastuzumab


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

ol Jlo s oS aten (535 50 slasbe (n 5 bl
alllas 390 by lbyw 5 @le Slo g a5
YL e O LI ool ldllas 0555 oo )8
S 5 Caslie cohlen Sleowi; 5 leys b CTCs
bil 290 1) stlin 5 65len 350 walise slaleys
Olagod S eismes (VYY-IYY) aisls 18
GCTC wils cilize gloeaisid L LCTC 3 lass
S eon opse ) Jukl GLCTC 5 (ooptilye
SCTC YL e cladllas ol jo a5 wilesls
L Julinl GLCTC fle b avlie o cordilis
wibes b pe by sliwlio 5 (392 0, Ay (S
adly moldl lo (ciegh lasdlas o (WYY AYF)
MRP1, MRP2, ) )5 cuoslio by Laiye cslagys
4, (MRP4, MRP5, MRP7, MDRI1, ERCCI
OYF) cul ooy asiw CTCs

Sype silizs Sl o LCTC s bays,le o
)3 amlio 5,90 PMBC' g3 slaJsho b 5 23]
Gy oo gl b oond 2 g el a3
o5 lo by SCTC 55s oy Seiliolio sl s Lo
"5 3 Siliwlie Sylge o Cuie PD-LI 4 CD47
330 g lom adsl Jolhe 5o Dk Lol wins glulis
PD- 5 CDA47 sla S ke 39 o cogdlas tidgs ]
ey ilem oo edigy e L WCTC > L
R 50 500 Bk 5L (WWA) cusls bl )| Sleows
YU Olsee 5 05 susypt PSTAT3+ § TLRA+ pghans
by adsl U>lpe less ,3 PSTAT3+ CTC
hwlie ohlaw ;5 TLR4+ GlaCTC oYL oo s
lasho 058,58 i Lo olKia (OTR) s lulis
J& 5o Sl ool a4l sla sl S logen (lsrea
Sl s oo Lz b3l CTC L (CSCs) ' jis 5
Slodiy Rl 5 6y5088 Juim gl L LCESCs
o)yl lpea plaSie a5 wiies Ly ol
OF ) Wgd a3 Sl )3 willys oo Slogill 59590

! Peripheral mononuclear blood cells
* De novo metastatic
3 Circulating stem-like cancer cells

ouls cladlre  Seliyoge,s blod 5l as 1,5 asle oo
Jloead dlie bapigie SOS& a5 wlbie
(10) 33l oo (Son | 0unts aliie sloc jgiem
Ailod )8 s Sl ol sB20g) auseis Sy
Sheslasl U DNA S LSS asls laddlas o
DNA ol a5 aal cass a4y Glb s oyl Lo 50 Lewodl
e o1l ity laba>de BB jsba lhle ol 5o
C P A SRy g Sewles 9S85 I3 o) 090
5 Swellam adlaes ;o 0l 5,15 as,0 VY0 4 AY
sw ez (595 )3 PTEN (5 ggedliie 5 oS0
byl @ Gb a5 an obj,l DNA #lsaul
Oy o )0 ¥ g;)"ﬁﬁ o 50 Voo MLMA?

3 (CTCs) (oo)5 Jb 50 ygoe8 ool
&lo mign

Ol slp CTCs b (505 b jo (6559055 slasbes
O0) Wad ke AP Jlo o &jgenl lawg L
5 ol by 053 0l (50 @ sses lawgs CTCs
O R (P19 A olad e b g 0l nl by
O% 593 sl pd Cwl 0B g WS e O ylee
e g 2o 5 el (VYA Y 2) wlad jlslis olxy)
OV 0g 5,0 CTC 9, 2 ooy 0 &b
IsUse sla,S e gl (ol £33 4 aty WCTC
sl 55145 Ll sz e (VA) wisl oo (gl
Sl IS Sl il Jhlinl Lo Sl
CTC lulis ol a5 8,15 3525 EpCAM JLlzy|
Sglaie bl glgsl )0 EPCAM. Ly 05, 00 ,I5 &
Dl 5 Gl 5alss ool 50 Boney ail s
225 e EpCAM oo o] o o 05 o Jlac!
Dy

CTC V-« 5 505) arnsd slom clilé L Lulul WCTC
Nyl d9xg e ol 3 (U ke &
Sl ol 38 sl 4 g0l 0T
A8 Jsko bggeles 5l sbe cnl silula 5 olulis
LCTC .(\YY AYY)) il 5L s 40 99230

o 2] 3liumy 56 slont solke Alzro | oS0 g 313 oS

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by O p LSR5 (il 55 ol Conodl 9 &alo (ot

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

AV (F): 00-A

Sy W@y ol ()35 Gl Gl e i 3
5 (FF) c8)8 )13 Jdlodgay jo0 090 Sladod axlllas
09395 H19 ol a5 0l jo o) Kaaghy aslllas oy
Ol Ohles 93 prw o lab>de BB gk
ol oo el Sl a5 aals Gl ol
5 e @0 Shes oS cul Sidung a5 lege

Sl 0 llw! s )5 legas

ol n
sl Slgm ais ol mb Glaomsn
5 Ol parid sl @YU Jeily shls (o555
o lesig s (VF) Wl gilew cdyi p oLl
Sl 28 sl (55,5 Joke los Shos I (5 5ka
@bl 4 wllgoe eSemstgn sbrosls g cnll
WS S8 (SalS o See 5 waxr glo S leg
Oy O 8 (e slecus wiz e (VFO)
Wi yso S5 4 Il alls 5Lisge caniis cdsay
Sy50 4 At Gliass ol> Jl> 0 (VTP ATD)
Lslae 5 paris 8o bl olp calise (slagg,
3hoslaiwl Jols Q35 e g ot 0)lge olaws jualS
5 eSen wx gl JSeie sy Sl L bl
» DNA 5 s5gp oS lege 5l (oS5 eizes

OVFY AFF) wil o plxil >
(CEA) g palyin, 5 5061 3 CA15.3
O S b po el a5 anil oo (0w sla Sl
Oty Silislie phlen jo Gy Gloje 4 &l »
5 CA15.3 coslus 05,5 o 41,8 oolaul 0,50 by
i Gl 10 g LY s> iy 4 CEA
2,5 logas ol LOVFA) ol o 8,91 (6 ylows &y
oy Logas 5 s Lasye jpe0 Sl b aizmen
3 b slagly)l o a5 09d e (i bag] Sl
JBrs b pFejlal Ly lulo s oliles
S8 eolitul 5,90 RECISTVILY Jl38la s b b))
a bge ol o ol odle (0F) 0,5 oo
Loen e M YYY L YN bl
5 ol oddedl rimenss el oo
ools (L& 5 e 93 )0 S lesm (lyiear ulidsS

* The Response Evaluation Criteria in Solid
Tumors

(EVS)' Jabw 7,1 sl Js5 59
Sz blas s EBVs) Jobe )l sladsSss
oigd = o Slabe 251,01, gl plgs oo a5 wiis
ol sloabaly loicas LEV (VFY )+ cdly
S 1z ()e) Wede wlid Jsho o olbls)|
) Soiedsnid 5 Silgily slaanlyp 5l amy polis
ok @ sladsSass OFY AFY) wis o polas
opgioiST gl oo pendi ol atws
bl 5l a5 «Signgl plaxl 5 (MVS) la s 599,50

EV 05,555 aw 31 SO 0 .(0F)) aiil oo oglie
T sladsy walge baiye bapl JeSis ol
il @lisee gy izl 5l alise gyl Jelo
Q‘}A )‘ IR |J> 6L2>EV ‘U"‘ » 05)1& (\ ') MS@
sload gt sl Jssee ol (Sl Ol jlen (S

il g9
bhug ool Joo JoSse Sledbl a5 04l oo jeuai
ool Lo sl Jo¥ge Sl oles (EV
o9l sl Silese olssar Olgiee ol 5yenll
CtDNA « coes b EV .(\FYF) i 5 Jlai o b
Sk 3l gl cmsn GbSlsn pleea CTC 4
Y o slad S gl oyl b oo g5 p slyle
Ngld 4y Soliay 0ah oo el a5 (g Sl s
s 1y ok (Saisdsm Sl (Lol g 5
@ o T b as e glacasgame 51.(V0) auS Laas
STy, plagd (b bld I sl cals
Gl w0 65 5 o laslinl
S smgm Slgixe lgieay a5 aril o mIRNA
ol Pl by Aoy aid o mbe
ol s S5 L Laye 555 8 e 5 35250

2 Ol Cex Sutm & 65 ke 85 gshml s

! Extracellular vesicles


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

S loge | S5 glocs by Gass ol
ol 5o sszse CFDNA wile jses 3l axd 5 ol
S eSS ST ol b oS e ploel 55
» ol ais slp p¥ Ul mbe (e
S975 (Nl laghs, iz e il ]y adgl Sl
Tl air s S L e (358 s S oS
@l oy » g i oS P) P
ookl 0y50 pgd Cewd Su laiedy Wil oo (Wglae
4 0B a5 0l I glailol o) o ol cpl 0,5 18
Sy s Sombes boadsl dole 0 byseg (ansis
» P slagpld Cdpin b oad vl YL
arg o5 o Slube jlUT 5 alulis sl sl
as o plis a5 conl ad 3 18 sousie Ollas
5 xS el & S5 ln 1) (o b plo loomgn
00l iy olb | sated Gloys 4 S sl o

S e
boaslie o alide bl sl mbe by cuse
o)lys Gl Z8l g 1Bl L (pumgm
3 S oo ol patie (e 5 Glo) S0 9es
e it sy D508 L ol (g
5 b OBl ool e Spgots soes5 g9 Slej
ISm a8 el Gl S e wald | gyl 2y
5 kb by Jlaiol ol plbpw laog 55
andd g spee Yo 1y oy 5l ols a4l
O, 02y Gilen g e i Glp el
S ddlbe I3 (polE Sl Sl (gl (al b
Sl s ol yus slans 09,5 Sy Lo aslllas
obey 0 1) olem (Fj Sla SRy b oS (om0
O) WS Lakin catd oy p sl S 4 o,
9 O AW L,’_)LwL».M: "")“‘""’ as olo ul.w.: @Lu
0diS Smim sl Jos drwgi Cgx o .\3193@ ol
Oeed 5 deddn bl pisu il s sl
oolitul jliwlio ol (g 50 Sl 35 i

gl

* Orthogonal
3 Personalized medicine

2 Bl Ghras ) 5 Fhe GRS dyde oS Cel oad

(V Jgaz) ol liny ol jw (w095 (anseis

(TEPS) ' 55095 o0y o i solais! sloesSly
Sz IS Sags 5 did ey Slakad S
05 5% 9 35 by )1 Lwgs a5 Jolo aitwn
w5 gl 0 0) wgde il Jb g
reF 9 Srpss B b oS WS sy pe> pud
S5 & 055 SRS (1F) a5 e S o5
5900 4 L RNA (pse 1o g o s RNA s a0 06
JU s isbon @l o9 0 5l 5 Jie Jsl
Oty jlslie Jsbo )0 oasms (auSTy plgieas ailyi oo
WS Jos Svass g (290 D)yg0h 2l))9e5 9
6&’“:‘5)1-3. (TEPs) 39095 0d Caw )3 ‘_ngLS)Lé (0YH)
3 eas sl =S Soigel oyme ,0 a5 diiws TS
2508 Sl il cnl (b o wlazd S I8 505
393 oo bigel sS4 Lo.,.a.w.n asles oo
S i ol s jlislie o b iy )0 45 Wied Jaie
WS (oo it S, o] i 0 &5 aiS
Olyeds olgi oo LTEP ;| as oas0 F jasiee (V) )
(Gl Ol pards Cqx @le (om0 S leg
AVE 59 0,5 eolitel LogS Lo 5 (GBM) Logiudbgnls
S oaliiad b 1) ol o3 51 lb s llens aieds
Ry SLTEP ;| oo céb,o mRNA b Sl
Ol 3 330 pasis 4 0B eizean b aies LS
JES5lsS NSCLCs adsl 3055 hlie g5 i
Ol 5 6 egls (WLSSL eyl ks (CRC)

(FF) s VY s b oliey

Ol plrsgy (aseis 4 3B &5 wlo o omgm
B DY P v R VN DU VIR PR VG-I S v
b i (S sboas adly oo (65len Gl 4 Dis 8l B
93 o a5 00,5 518 gem 4 b b s
Slooliinl 0, yo 1) (659085 € 5 (5 905 el
J 3l plasg; pantids ol mle (s

' Tumor educated platelets

o 2] 3liumy 56 slont solke Alzro | oS0 g 313 oS

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by O p LSR5 (il 55 ol Conodl 9 &alo (ot

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

AV (F): 00-A

oz gy, silwslwibiul sl ol sl b
sollisleyl jo slezel LB mls a4 Slows yeods
&S oboler cul 59080 Sl sloaie; 5 ik
e SilS gigm y Sl 3l oolatnl (S0 ,5uS il ool 7,0
gl 5l ead ()5S Sy 9 Comles @ azg a
Ol oy jo paid S lege (laieas il oo
e ansle Slo B piple 3,5 1B arg 050
g solph W6 lizes plo (omsn sloces i
Slaal gl gl sl eolatwl 5 awe  oJb el
G olses gyl cwl eal sgase  Slidsd
ouds gl Bolas g oai S b slaglo;llS
o llal L 1) mle cwugm 5l oolatul a5 (o iy
bl 2Ll s b Glp S alie b

el 3o db yo ol 5l eolanl

&L ()l
L &lo jo (o)l poe 4is8 2 abiwginsy (B iy

.Aj)‘o‘sa 'B)'LC‘

References

1. Sung H, Ferlay J, Siegel RL, Laversanne
M, Soerjomataram I, Jemal A, Bray F.
Global cancer statistics 2020:
GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185
countries. CA: a cancer journal for
clinicians. 2021;71(3):209-49.

2. Bray F, Ferlay J, Soerjomataram I, Siegel
RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36
cancers in 185 countries. CA: a cancer
journal for clinicians. 2018;68(6):394-424.

3. Crosby D, Bhatia S, Brindle KM, Coussens
LM, Dive C, Emberton M, et al. Early
detection of cancer. Science.
2022;375(6586):eaay9040.

4. Chen D, Xu T, Wang S, Chang H, Yu T,
Zhu Y, Chen J. Liquid biopsy applications
in the clinic. Molecular Diagnosis &
Therapy. 2020;24:125-32.

5. Gerratana L, Davis AA, Polano M, Zhang
Q, Shah AN, Lin C, et al. Understanding
the organ tropism of metastatic breast
cancer through the combination of liquid

=

Ll oyl 3925 6ol slopilly 5 lacussime 4z 31

o, @La Py 3 eolaiwl (gl ‘5...JL, sb&.hﬂ
Ol Ol @ Wi (Lo Silgolgns oo aie
sl Slis 3l oolazwl b aS iz wools J1 3 cwjp 90
WS o ooliiul "omics" slas gl A4S s
ol g 2lelid 1o 5 waz slagls axwgi & adilgs e
S SIS aid diwo e ol 3l as Slles
Loy YL ane 4 Gl oo LSS ol Glacudgame
Glodis 05 o dg0mme 1) oyl 5,15 a5 55 6Ll

Gl K 5l bSSs (nl Sllre 5 (el
Cosdll & aiols o5 Lr wsbiee aslis Loy
9 Mo Jod P8 mls 4 o Gy ilraiz
S lwibiwl sla JSSgp oladd og)cnlil arilioo 23,15
wised  Jelisaim s ibn wislesr sly
03,5 sbml (liize lp mle (omgm 0 1) laile
S g Sl i slaghy, o Sl ol
Ol 0,05 53U s a5 5 Cds Wl e

biopsy tools. European Journal of Cancer.
2021;143:147-57.

6. Allahqoli L, Mazidimoradi A,
Momenimovahed Z, Rahmani A, Hakimi S,
Tiznobaik A, et al. The Global Incidence,
Mortality, and Burden of Breast Cancer in
2019: Correlation With Smoking, Drinking,
and  Drug Use. Front ~ Oncol.
2022;12:921015.

7. Shah SC, Kayamba V, Peek Jr RM,
Heimburger D. Cancer control in low-and
middle-income countries: is it time to
consider screening? Journal of global
oncology. 2019;5:1-8.

8. Pramesh C, Badwe RA, Bhoo-Pathy N,
Booth CM, Chinnaswamy G, Dare AJ, et
al. Priorities for cancer research in low-and
middle-income  countries: a  global
perspective. Nature medicine. 2022;28(4):
649-57.

9. Arnold M, Rutherford MJ, Bardot A,
Ferlay J, Andersson TM, Myklebust TA, et
al. Progress in cancer survival, mortality,
and incidence in seven high-income
countries 1995-2014 (ICBP SURVMARK-
2): a population-based study. The Lancet
Oncology. 2019;20(11):1493-505.


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

10.Connal S, Cameron JM, Sala A, Brennan
PM, Palmer DS, Palmer JD, et al. Liquid
biopsies: the future of cancer early
detection. Journal of translational medicine.
2023;21(1):118.

11.Klein EA, Richards D, Cohn A, Tummala
M, Lapham R, Cosgrove D, et al. Clinical
validation of a targeted methylation-based
multi-cancer early detection test using an
independent validation set. Annals of
Oncology. 2021;32(9):1167-77.

12.Campos-Carrillo A, Weitzel JN, Sahoo P,
Rockne R, Mokhnatkin JV, Murtaza M, et
al. Circulating tumor DNA as an early
cancer detection tool. Pharmacology &
therapeutics. 2020;207:107458.

13.Mohammadi M, Fazilat A, Mamalo AS,
Ojarudi M, Hemmati-Dinarvand M,
Beilankouhi EAV, Valilo M. Correlation of
PTEN signaling pathway and miRNA in
breast cancer. Mol Biol Rep. 2024;51(1):
221.

14.Fazilat A, Rashid N, Nigam A, Anjum S,
Gupta N, Wajid S. Differential Expression
of MARK4 Protein and Related
Perturbations in Females with Ovulatory
PCOS. Endocr Metab Immune Disord Drug
Targets. 2019;19(7):1064-74.

15.De Rubis G, Krishnan SR, Bebawy M.
Liquid biopsies in cancer diagnosis,
monitoring, and prognosis. Trends in
pharmacological sciences. 2019;40(3):172-
86.

16.Chen M, Zhao H. Next-generation
sequencing in liquid biopsy: cancer
screening and early detection. Human
genomics. 2019;13:1-10.

17.1Jzerman MJ, de Boer J, Azad A, Degeling
K, Geoghegan J, Hewitt C, et al. Towards
routine implementation of liquid biopsies in
cancer management: it is always too early,
until suddenly it is too late. Diagnostics.
2021;11(1):103.

18.Wu T-M, Liu J-B, Liu Y, Shi Y, Li W,
Wang G-R, et al. Power and promise of
next-generation sequencing in liquid
biopsies and cancer control. Cancer
Control. 2020;27(3):1073274820934805.

19.Galizia D, Milani A, Geuna E, Martinello
R, Cagnazzo C, Foresto M, et al. Self-
evaluation of duration of adjuvant
chemotherapy side effects in breast cancer
patients: A prospective study. Cancer Med.
2018;7(9):4339-44.

20.Li J, Guan X, Fan Z, Ching LM, Li Y,
Wang X, et al. Noninvasive Biomarkers for
Early Detection of Breast Cancer. Cancers
(Basel). 2020;12(10).

21.Wang L. Early Diagnosis of Breast Cancer.
Sensors (Basel). 2017;17(7).

22.Zubor P, Kubatka P, Kajo K, Dankova Z,
Polacek H, Bielik T, et al. Why the gold
standard approach by mammography
demands extension by multiomics?
Application of liquid biopsy miRNA
profiles to breast cancer disease
management. International Journal of
Molecular Sciences. 2019;20(12):2878.

23.Tay TKY, Tan PH. Liquid biopsy in breast
cancer: a focused review. Archives of
Pathology & Laboratory Medicine. 2021;
145(6):678-86.

24 Hasannejad F, Montazeri L, Mano JF,
Bonakdar S. Regulation of cell fate by cell
imprinting approach in vitro. Biolmpacts:
BI. 2024;14(3) 29945.

25.Cohen JD, Li L, Wang Y, Thoburn C,
Afsari B, Danilova L, et al. Detection and
localization of surgically resectable cancers
with a multi-analyte blood test. Science.
2018;359(6378):926-30.

26.Hirschfeld M, Riicker G, Weill 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(2):
215-32.

27.Jakabova A, Bielcikova Z, Pospisilova E,
Petruzelka L, Blasiak P, Bobek V,
Kolostova K.  Characterization  of
circulating tumor cells in early breast
cancer patients receiving neoadjuvant
chemotherapy. Ther Adv Med Oncol. 2021;
13:17588359211028492.

28.Zhong G, Wang K, Li J, Xiao S, Wei W,
Liu J. Determination of Serum Exosomal
H19 as a Noninvasive Biomarker for Breast
Cancer Diagnosis. Onco Targets Ther.
2020;13:2563-71.

29.Sheikhnia F, Fazilat A, Rashidi V,
Azizzadeh B, Mohammadi M, Maghsoudi
H, Majidinia M. Exploring the Therapeutic
Potential of Quercetin in Cancer Treatment:
Targeting Long Non-Coding RNAs.
Pathology- Research and Practice. 2024:
155374.

30.Chanteloup G, Cordonnier M, Isambert N,
Bertaut A, Hervieu A, Hennequin A, et al.
Monitoring HSP70 exosomes in cancer

o 2] 3liumy 56 slont solke Alzro | oS0 g 313 oS

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by O p LSR5 (il 55 ol Conodl 9 &alo (ot

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

AV (F): 00-A

patients' follow up: a clinical prospective
pilot study. J Extracell Vesicles. 2020;9(1):
1766192.

31.Zidi O, Souai N, Raies H, Ben Ayed F,
Mezlini A, Mezrioui S, et al. Fecal
Metabolic Profiling of Breast Cancer
Patients during Neoadjuvant Chemotherapy
Reveals Potential Biomarkers. Molecules.
2021;26(8). 2266.

32.Darga EP, Dolce EM, Fang F, Kidwell
KM, Gersch CL, Kregel S, et al. PD-LI
expression on circulating tumor cells and
platelets in patients with metastatic breast
cancer. PLoS One. 2021;16(11):¢0260124.

33.Lopez-Jornet P, Aznar C, Ceron J, Asta T.
Salivary biomarkers in breast cancer: a
cross-sectional study. Supportive Care in
Cancer. 2021;29(2):889-96.

34 Kure S, Satoi S, Kitayama T, Nagase Y,
Nakano N, Yamada M, et al. A prediction
model using 2-propanol and 2-butanone in
urine distinguishes breast cancer. Sci Rep.
2021;11(1):19801.

35.Kamel AM, Teama S, Fawzy A, El Deftar
M. Plasma DNA integrity index as a
potential molecular diagnostic marker for
breast cancer. Tumor Biology. 2016;37:
7565-72.

36.Lee Y, El Andaloussi S, Wood MlJ.
Exosomes and microvesicles: extracellular
vesicles for genetic information transfer
and gene therapy. Human molecular
genetics. 2012;21(R1):R125-R34.

37.Cohen JD, Li L, Wang Y, Thoburn C,
Afsari B, Danilova L, et al. Detection and
localization of surgically resectable cancers
with a multi-analyte blood test. Science.
2018;359(6378):926-30.

38.Beaver JA, Jelovac D, Balukrishna S,
Cochran RL, Croessmann S, Zabransky DJ,
et al. Detection of cancer DNA in plasma
of patients with early-stage breast cancer.
Clinical cancer research. 2014;20(10):
2643-50.

39.Kruspe S, Dickey DD, Urak KT, Blanco
GN, Miller MJ, Clark KC, et al. Rapid and
sensitive detection of breast cancer cells in
patient blood with nuclease-activated probe
technology. Molecular Therapy-Nucleic
Acids. 2017;8:542-57.

40.Shimomura A, Shiino S, Kawauchi J,
Takizawa S, Sakamoto H, Matsuzaki J, et
al. Novel combination of serum microRNA
for detecting breast cancer in the early
stage. Cancer science. 2016;107(3):326-34.

41.Erbes T, Hirschfeld M, Riicker G, Jaeger
M, Boas J, Iborra S, et al. Feasibility of
urinary microRNA detection in breast
cancer patients and its potential as an
innovative noninvasive biomarker. BMC
cancer. 2015;15:1-9.

42 Hirschfeld M, Riicker G, Weifl D, Berner
K, Ritter A, Jager M, Erbes T. Urinary
exosomal microRNAs as  potential
noninvasive biomarkers in breast cancer
detection. Molecular diagnosis & therapy.
2020;24:215-32.

43.Souza KC, Evangelista AF, Leal LF, Souza
CP, Vieira RA, Causin RL, et al
Identification of cell-free circulating
microRNAs for the detection of early
breast cancer and molecular subtyping.
Journal of Oncology. 2019;2019.

44.Zhong G, Wang K, Li J, Xiao S, Wei W,
Liu J. Determination of serum exosomal
H19 as a noninvasive biomarker for breast
cancer diagnosis. OncoTargets and therapy.
2020:2563-71.

45.Zhao R, Zhang Y, Zhang X, Yang Y,
Zheng X, Li X, et al. Exosomal long non-
coding RNA HOTTIP as potential novel
diagnostic and prognostic biomarker test
for gastric cancer. Molecular cancer.
2018;17(1):1-5.

46.Best MG, Sol N, Kooi I, Tannous J,
Westerman BA, Rustenburg F, et al. RNA-
Seq of tumor-educated platelets enables
blood-based pan-cancer, multiclass, and
molecular pathway cancer diagnostics.
Cancer cell. 2015;28(5):666-76.

47.Zhang L, Xiao H, Karlan S, Zhou H, Gross
J, Elashoff D, et al. Discovery and
preclinical ~ validation  of  salivary
transcriptomic and proteomic biomarkers
for the noninvasive detection of breast
cancer. PloS one. 2010;5(12):¢15573.

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

49.Ludwig JA, Weinstein JN. Biomarkers in
cancer staging, prognosis and treatment
selection. Nature Reviews Cancer. 2005;
5(11):845-56.

50.Garrido-Cano 1, Constincio V, Adam-
Artigues A, Lameirinhas A, Simoén S,
Ortega B, et al. Circulating miR-99a-5p
Expression in Plasma: A  Potential
Biomarker for Early Diagnosis of Breast
Cancer. Int J Mol Sci. 2020;21(19).


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

51.Swellam M, Zahran RFK, Abo El-Sadat
Taha H, El-Khazragy N, Abdel-Malak C.
Role of some circulating MiRNAs on
breast cancer diagnosis. Arch Physiol
Biochem. 2019;125(5):456-64.

52.Kim J, Park S, Hwang D, Kim SI, Lee H.
Diagnostic Value of Circulating miR-202
in Early-Stage Breast Cancer in South
Korea. Medicina (Kaunas). 2020;56(7)340.

53.Adam-Artigues A, Garrido-Cano I, Simoén
S, Ortega B, Moragon S, Lameirinhas A, et
al. Circulating miR-30b-5p levels in plasma
as a novel potential biomarker for early
detection of breast cancer. ESMO Open.
2021;6(1):100039.

54.Swellam M, El Magdoub HM, Hassan NM,
Hefny MM, Sobeih ME. Potential
diagnostic role of circulating MiRNAs in
breast cancer: Implications on
clinicopathological characters. Clin
Biochem. 2018;56:47-54.

55.Swellam M, Zahran RFK, Ghonem SA,
Abdel-Malak C. Serum MiRNA-27a as
potential diagnostic nucleic marker for
breast cancer. Arch Physiol Biochem.
2021;127(1):90-6.

56.Yousif AA, Eisa HA, Nawar AM, Abd El-
latif MS, Behiry EG. Study of serum
microRNA-99a relative expression as a
diagnostic and prognostic noninvasive
biomarker of breast cancer in Egyptian
females. Gene Reports. 2020;19:100593.

57.Diansyah MN, Prayogo AA, Sedana MP,
Savitri M, Zaky Romadhon P, Niken Ayu
Amrita P, et al. Early detection breast
cancer: role of circulating plasma miRNA-
21 expression as a potential screening
biomarker. Turk J Med Sci. 2021;51(2):
562-9.

58.Souza KCB, Evangelista AF, Leal LF,
Souza CP, Vieira RA, Causin RL, et al.
Identification of Cell-Free Circulating
MicroRNAs for the Detection of Early
Breast Cancer and Molecular Subtyping. J
Oncol. 2019;2019:8393769.

59.Canatan D, Sénmez Y, Yilmaz O, Cim A,
Coskun H, Sezgin Goksu S, et al.
MicroRNAs as biomarkers for breast
cancer. Acta Biomed. 2021;92(2):
€2021028.

60.El-Fattah AAA, Sadik NAH, Shaker OG,
Mohamed Kamal A, Shahin NN. Serum
Long Non-Coding RNAs PVT1, HOTAIR,
and NEATI1 as Potential Biomarkers in

Egyptian Women with Breast Cancer.
Biomolecules. 2021;11(2)301.

61.Elhelbawy NG, Zaid IF, Khalifa AA,
Gohar SF, Fouda EA. miRNA-148a and
miRNA-30c expressions as potential
biomarkers in breast cancer patients.
Biochem Biophys Rep. 2021;27:101060.

62.Mahmoud MM, Sanad EF, Elshimy RAA,
Hamdy NM. Competitive Endogenous Role
of the LINC00511/miR-185-3p Axis and
miR-301a-3p From Liquid Biopsy as
Molecular Markers for Breast Cancer
Diagnosis. Front Oncol. 2021;11:749753.

63.Majumder M, Ugwuagbo KC, Maiti S, Lala
PK, Brackstone M. Pri-miR526b and Pri-
miR655 Are Potential Blood Biomarkers
for Breast Cancer. Cancers (Basel).
2021;13(15)3838.

64.Mohamed AA, Allam AE, Aref AM,
Mahmoud MO, Eldesoky NA, Fawazy N,
et al. Evaluation of Expressed MicroRNAs
as Prospective Biomarkers for Detection of
Breast Cancer. Diagnostics (Basel).
2022;12(4)789.

65.Ali M, El Gayar D, Hany N, Ezzat AH,
Zeyada R. MicroRNA 21 and microRNA
10b: early diagnostic biomarkers of breast
cancer in Egyptian females. J Egypt Natl
Canc Inst. 2022;34(1):16.

66.Ameli-Mojarad M, Ameli-Mojarad M,
Nourbakhsh M, Nazemalhosseini-Mojarad
E. Circular RNA hsa circ_ 0005046 and
hsa_circ_ 0001791 May Become Diagnostic
Biomarkers for Breast Cancer Early
Detection. J Oncol. 2021;2021:2303946.

67.Bakr NM, Mahmoud MS, Nabil R,
Boushnak H, Swellam M. Impact of
circulating miRNA-373 on breast cancer
diagnosis through targeting VEGF and
cyclin D1 genes. J Genet Eng Biotechnol.
2021;19(1):84.

68.Liu D, Li B, Shi X, Zhang J, Chen AM, Xu
J, et al. Cross-platform  genomic
identification and clinical validation of
breast cancer diagnostic biomarkers. Aging
(Albany NY). 2021;13(3):4258-73.

69.Li X, Zou W, Wang Y, Liao Z, Li L, Zhai
Y, et al. Plasma-based microRNA
signatures in early diagnosis of breast
cancer. Mol Genet Genomic Med.
2020;8(5):¢1092.

70.Li M, Zou X, Xia T, Wang T, Liu P, Zhou
X, et al. A five-miRNA panel in plasma
was identified for breast cancer diagnosis.
Cancer Med. 2019;8(16):7006-17.

o 2] 3liumy 56 slont solke Alzro | oS0 g 313 oS

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by O p LSR5 (il 55 ol Conodl 9 &alo (ot

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

AV (F): 00-A

71.Fang R, Zhu Y, Hu L, Khadka VS, Ai J,
Zou H, et al. Plasma MicroRNA Pair
Panels as Novel Biomarkers for Detection
of Early Stage Breast Cancer. Front
Physiol. 2018;9:1879.

72.Raheem AR, Abdul-Rasheed OF, Al-
Naqgqash MA. The diagnostic power of
circulating micro ribonucleic acid 34a in
combination with cancer antigen 15-3 as a
potential biomarker of breast cancer. Saudi
Med J. 2019;40(12):1218-26.

73.Jang JY, Kim YS, Kang KN, Kim KH,
Park YJ, Kim CW. Multiple microRNAs as
biomarkers for early breast cancer
diagnosis. Mol Clin Oncol. 2021;14(2):31.

74.Adam-Artigues A, Garrido-Cano 1,
Carbonell-Asins JA, Lameirinhas A, Simoén
S, Ortega-Morillo B, et al. Identification of
a Two-MicroRNA Signature in Plasma as a
Novel Biomarker for Very Early Diagnosis
of Breast Cancer. Cancers (Basel).
2021;13(11).

75.1tani MM, Nassar FJ, Tfayli AH, Talhouk
RS, Chamandi GK, Itani ARS, et al. A
Signature of Four Circulating microRNAs
as Potential Biomarkers for Diagnosing
Early-Stage Breast Cancer. Int J Mol Sci.
2021;22(11).

76.Jang JY, Ko EY, Jung JS, Kang KN, Kim
YS, Kim CW. Evaluation of the Value of
Multiplex MicroRNA Analysis as a Breast
Cancer Screening in Korean Women under
50 Years of Age with a High Proportion of
Dense  Breasts. J  Cancer  Prev.
2021;26(4):258-65.

77.Lopes BC, Braga CZ, Ventura FV, de
Oliveira JG, Kato-Junior EM, Bordin-
Junior NA, Zuccari D. miR-210 and miR-
152 as Biomarkers by Liquid Biopsy in
Invasive Ductal Carcinoma. J Pers Med.
2021;11(1).

78.Sadeghi H, Kamal A, Ahmadi M, Najafi H,
Sharifi Zarchi A, Haddad P, et al. A novel
panel of blood-based microRNAs capable
of discrimination between benign breast
disease and breast cancer at early stages.
RNA Biol. 2021;18(sup2):747-56.

79.Yu Y, Zheng W, Ji C, Wang X, Chen M,
Hua K, et al. Tumor-Derived circRNAs as
Circulating Biomarkers for Breast Cancer.
Front Pharmacol. 2022;13:811856.

80.Zhang K, Wang YY, Xu Y, Zhang L, Zhu
J, Si PC, et al. A two-miRNA signature of
upregulated miR-185-5p and miR-362-5p

as a blood biomarker for breast cancer.
Pathol Res Pract. 2021;222:153458.

81.Kubeczko M, Tudrej P, Tyszkiewicz T,
Krzywon A, Oczko-Wojciechowska M,
JarzAb M. Liquid biopsy utilizing miRNA
in patients with advanced breast cancer
treated with cyclin-dependent kinase 4/6
inhibitors. Oncol Lett. 2024;27(4):181.

82.Swellam M, Saad EA, Sabry S, Denewer
A, Abdel Malak C, Abouzid A. Alterations
of PTEN and SMAD4 methylation in
diagnosis of breast cancer: implications of
methyl II PCR assay. J Genet Eng
Biotechnol. 2021;19(1):54.

83.Liu C, Sun B, Xu B, Meng X, Li L, Cong
Y, et al. A panel containing PD-1, IL-2Ra,
IL-10, and CA15-3 as a biomarker to
discriminate breast cancer from benign
breast disease. Cancer Manag Res.
2018;10:1749-61.

84.Salta S, S PN, Fontes-Sousa M, Lopes P,
Freitas M, Caldas M, et al. A DNA
Methylation-Based Test for Breast Cancer
Detection in Circulating Cell-Free DNA. J
Clin Med. 2018;7(11)420.

85.Murillo Carrasco A, Acosta O, Ponce J,
Cotrina J, Aguilar A, Araujo J, et al. PUM1
and RNase P genes as potential cell-free
DNA markers in breast cancer. J Clin Lab
Anal. 2021;35(4):¢23720.

86.Liu J, Zhao H, Huang Y, Xu S, Zhou Y,
Zhang W, et al. Genome-wide cell-free
DNA methylation analyses improve
accuracy of noninvasive  diagnostic
imaging for early-stage breast cancer. Mol
Cancer. 2021;20(1):36.

87.Elhelaly R, Effat N, Hegazy MAE,
Abdelwahab K, Hamdy O, Abo Hashem
EM, Elzehery RR. Circulating Cell Free
DNA and DNA Integrity Index as
Discriminating Tools between Breast
Cancer and Benign Breast Disease. Asian
Pac J Cancer Prev. 2022;23(2):545-52.

88.Han BW, Cai GX, Liu Q, Yang X, Guo
ZW, Huang LM, et al. Noninvasive
discrimination of benign and malignant
breast lesions using  genome-wide
nucleosome profiles of plasma cell-free
DNA. Clin Chim Acta. 2021;520:95-100.

89.Zhang X, Zhao W, Wei W, You Z, Ou X,
Sun M, et al. Parallel Analyses of Somatic
Mutations in Plasma Circulating Tumor
DNA (ctDNA) and Matched Tumor
Tissues in Early-Stage Breast Cancer. Clin
Cancer Res. 2019;25(21):6546-53.


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

90.Bortul M, Giudici F, Tierno D, Generali D,
Scomersi S, Grassi G, et al. A Case-Control
Study by ddPCR of ALU 260/111 and
LINE-1 266/97 Copy Number Ratio in
Circulating Cell-Free DNA in Plasma
Revealed LINE-1 266/97 as a Potential
Biomarker for Early Breast Cancer
Detection. Int J Mol Sci. 2023;24(10)8520.

91.Stergiopoulou D, Markou A, Strati A,
Zavridou M, Tzanikou E, Mastoraki S, et
al. Comprehensive liquid biopsy analysis as
a tool for the early detection of minimal
residual disease in breast cancer. Scientific
Reports. 2023;13(1):1258.

92.Cani AK, Dolce EM, Darga EP, Hu K, Liu
CJ, Pierce J, et al. Serial monitoring of
genomic alterations in circulating tumor
cells of  ER-positive/HER2-negative
advanced breast cancer: feasibility of
precision oncology biomarker detection.
Mol Oncol. 2022;16(10):1969-85.

93.Wu Q, Zheng H, Gu J, Cheng Y, Qiao B,
Wang J, et al. Detection of folate receptor-
positive circulating tumor cells as a
biomarker for diagnosis, prognostication,
and therapeutic monitoring in breast
cancer. J Clin Lab Anal. 2022;36(1):
€24180.

94.Cani AK, Hayes DF. Breast Cancer
Circulating Tumor Cells: Current Clinical
Applications and Future Prospects. Clinical
Chemistry. 2024;70(1):68-80.

95.Shi W, Jin X, Wang Y, Zhang Q, Yang L.
High serum exosomal long non-coding
RNA DANCR expression confers poor
prognosis in patients with breast cancer. J
Clin Lab Anal. 2022;36(3):e24186.

96.Wang B, Mao JH, Wang BY, Wang LX,
Wen HY, Xu LJ, et al. Exosomal miR-
1910-3p promotes proliferation, metastasis,
and autophagy of breast cancer cells by
targeting MTMR3 and activating the NF-
kB signaling pathway. Cancer Lett.
2020;489:87-99.

97.Gautam SK, Khan P, Natarajan G, Atri P,
Aithal A, Ganti AK, et al. Mucins as
Potential Biomarkers for Early Detection of
Cancer. Cancers (Basel). 2023;15(6)1640.

98.Wang M, Wang Y, Tian X, Wang Q,
Huang H, Lu X, et al. Diagnostic and
predictive value of liquid biopsy-derived
exosome miR-21 for breast cancer: a
systematic review and meta-analysis.
Expert Rev Mol Diagn. 2023;23(4):315-24.

99.Yoshikawa M, linuma H, Umemoto Y,
Yanagisawa T, Matsumoto A, Jinno H.
Exosome-encapsulated microRNA-223-3p
as a minimally invasive biomarker for the
early detection of invasive breast cancer.
Oncol Lett. 2018;15(6):9584-92.

100. Ozawa PMM, Vieira E, Lemos DS,
Souza ILM, Zanata SM, Pankievicz VC, et
al. Identification of miRNAs Enriched in
Extracellular Vesicles Derived from Serum
Samples of Breast Cancer Patients.
Biomolecules. 2020;10(1)150.

101. Liu M, Mo F, Song X, He Y, Yuan Y,
Yan J, et al. Exosomal hsa-miR-21-5p is a
biomarker for breast cancer diagnosis.
PeerlJ. 2021;9:¢12147.

102. Kim MW, Park S, Lee H, Gwak H,
Hyun KA, Kim JY, et al. Multi-miRNA
panel of tumor-derived extracellular
vesicles as  promising diagnostic
biomarkers of early-stage breast cancer.
Cancer Sci. 2021;112(12):5078-87.

103. Alharthi SD, Kanniyappan H,
Prithweeraj S, Bijukumar D, Mathew MT.
Proteomic-based electrochemical
noninvasive biosensor for early breast
cancer diagnosis. Int J Biol Macromol.
2023;253(Pt 4):126681.

104. Ryu JM, Kang D, Cho J, Lee JE, Kim
SW, Nam SJ, et al. Prognostic Impact of
Elevation of Cancer Antigen 15-3 (CA15-
3) in Patients With Early Breast Cancer
With Normal Serum CA15-3 Level. J
Breast Cancer. 2023;26(2):126-35.

105. Fredolini C, Pathak KV, Paris L,
Chapple KM, Tsantilas KA, Rosenow M, et
al. Shotgun proteomics coupled to
nanoparticle-based biomarker enrichment
reveals a novel panel of extracellular
matrix proteins as candidate serum protein
biomarkers for early-stage breast cancer
detection. Breast Cancer Res. 2020;22(1):
135.

106. Zografos E, Anagnostopoulos AK,
Papadopoulou A, Legaki E, Zagouri F,
Marinos E, et al. Serum Proteomic
Signatures of Male Breast Cancer. Cancer
Genomics Proteomics. 2019;16(2):129-37.

107. Giri K, Mehta A, Ambatipudi K. In
search of the altering salivary proteome in
metastatic breast and ovarian cancers.
FASEB Bioadv. 2019;1(3):191-207.

108. Bartkowiak K, Heidrich I, Kwiatkowski
M, Banys-Paluchowski M, Andreas A,
Wurlitzer M, et al. Circulating Cellular

o 2] 3liumy 56 slont solke Alzro | oS0 g 313 oS

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by O p LSR5 (il 55 ol Conodl 9 &alo (ot

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

AV (F): 00-A

Communication Network Factor 1 Protein
as a Sensitive Liquid Biopsy Marker for
Early Detection of Breast Cancer. Clin
Chem. 2022;68(2):344-53.

109. Grinan-Lisén C, Olivares-Urbano MA,
Jiménez G, Lopez-Ruiz E, Del Val C,
Morata-Tarifa C, et al. miRNAs as radio-
response biomarkers for breast cancer stem
cells. Molecular oncology. 2020;14(3):556-
70.

110. Xiao R, Liu C, Zhang B, Ma L. Tumor-
educated platelets as a promising biomarker
for blood-based detection of renal cell
carcinoma. Frontiers in  Oncology.
2022;12:844520.

111. Fazilat A, Didla SR, Chakravarty M,
Wajid S. Molecular Characterization of
Insulin Gene in Diabetic Foot Ulcer
Patients: A Pilot Study from Bengal Bay
Coastal Origin. Indian Journal of Science
and Technology. 2016;9:48.

112. Salvador-Coloma C, Santaballa A,
Sanmartin E, Calvo D, Garcia A, Hervas D,
et al. Immunosuppressive profiles in liquid
biopsy at diagnosis predict response to
neoadjuvant chemotherapy in triple-
negative breast cancer. European Journal of
Cancer. 2020;139:119-34.

113. GIJG S, Wurdinger T. Tumor-educated
platelets. Blood. 2019;133(22):2359-64.
114. Sol N, GJG S, Vancura A, Tjerkstra M,

Leurs C, Rustenburg F, et al. Tumor-
educated platelet RNA for the detection
and (pseudo) progression monitoring of
glioblastoma. Cell Reports Medicine.

2020;1(7)10101.

115. Ergin S, Kherad N, Alagoz M. RNA
sequencing and its applications in cancer
and rare diseases. Molecular Biology
Reports. 2022:1-9.

116. Wan JC, Massie C, Garcia-Corbacho J,
Mouliere F, Brenton JD, Caldas C, et al.
Liquid biopsies come of age: towards
implementation of circulating tumour
DNA. Nature Reviews Cancer.
2017;17(4):223-38.

117. Moore LD, Le T, Fan G. DNA
methylation and its basic function.
Neuropsychopharmacology.
2013;38(1):23-38.

118. Li Y, Tollefsbol TO. DNA methylation
detection: bisulfite genomic sequencing
analysis. Epigenetics protocols. 2011:11-
21.

119. Chin YM, Shibayama T, Chan HT,
Otaki M, Hara F, Kobayashi T, et al. Serial
circulating tumor DNA monitoring of
CDK4/6 inhibitors response in metastatic
breast cancer. Cancer Science. 2022;
113(5):1808-20.

120. Wang Y, Lin L, Li L, Wen J, Chi Y,
Hao R, et al. Genetic landscape of breast
cancer and mutation tracking with
circulating tumor DNA in Chinese women.
Aging (Albany NY). 2021;13(8):11860.

121. Pantel K, Alix-Panabiéres C. Liquid
biopsy and minimal residual disease—
latest advances and implications for cure.
Nature Reviews Clinical Oncology.
2019;16(7):409-24.

122. Gerratana L, Davis AA, Zhang Q,
Basile D, Rossi G, Strickland K, et al.
Longitudinal dynamics of circulating tumor
cells and circulating tumor DNA for
treatment monitoring in metastatic breast
cancer. JCO Precision Oncology. 2021;5:
943-52.

123. Yan Y-y, Guo Q-r, Wang F-h, Adhikari
R, Zhu Z-y, Zhang H-y, et al. Cell-free
DNA: hope and potential application in
cancer. Frontiers in cell and developmental
biology. 2021;9:639233.

124. Adashek JJ, Janku F, Kurzrock R.
Signed in blood: circulating tumor DNA in
cancer diagnosis, treatment and screening.
Cancers. 2021;13(14):3600.

125. Singer BD. A practical guide to the
measurement and analysis of DNA
methylation. = American  journal  of
respiratory cell and molecular biology.
2019;61(4):417-28.

126. Ramirez-Garrastacho M, Bajo-Santos C,
Line A, Martens-Uzunova ES, de la Fuente
JM, Moros M, et al. Extracellular vesicles
as a source of prostate cancer biomarkers in
liquid biopsies: a decade of research.
British journal of cancer. 2022;126(3):331-
50.

127. Doyle LM, Wang MZ. Overview of
extracellular  vesicles, their  origin,
composition, purpose, and methods for
exosome isolation and analysis. Cells.
2019;8(7):7217.

128. Fazilat A, Didla SR, Chitti S, Joshi M.
Evaluation of Genetic Damage in Tobacco
Chewing Population by In-vitro SCE
Assay: a Review from Coastal Andhra
Population. Indian Journal of Science and
Technology. 2015;8(12):1.


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

129. Lin D, Shen L, Luo M, Zhang K, Li J,
Yang Q, et al. Circulating tumor cells:
Biology and clinical significance. Signal
transduction and  targeted therapy.
2021;6(1):404.

130. Harouaka R, Kang Z, Zheng S-Y, Cao
L. Circulating tumor cells: advances in
isolation and analysis, and challenges for
clinical applications. Pharmacology &
therapeutics. 2014;141(2):209-21.

131. Mohan S, Chemi F, Brady G.
Challenges and unanswered questions for
the next decade of circulating tumour cell
research in lung cancer. Translational Lung
Cancer Research. 2017;6(4):454.

132. Pierga J-Y, Hajage D, Bachelot T,
Delaloge S, Brain E, Campone M, et al.
High independent prognostic and predictive
value of circulating tumor cells compared
with serum tumor markers in a large
prospective trial in first-line chemotherapy
for metastatic breast cancer patients.
Annals of oncology. 2012;23(3):618-24.

133. Horimoto Y, Tokuda E, Murakami F,
Uomori T, Himuro T, Nakai K, et al.
Analysis of circulating tumour cell and the
epithelial mesenchymal transition (EMT)
status during eribulin-based treatment in 22
patients with metastatic breast cancer: a
pilot study. Journal of translational
medicine. 2018;16(1):1-8.

134. Brisotto G, Biscontin E, Rossi E,
Bulfoni M, Piruska A, Spazzapan S, et al.
Dysmetabolic circulating tumor cells are
prognostic in metastatic breast cancer.
Cancers. 2020;12(4):1005.

135. Jakabova A, Bielcikova Z, Pospisilova
E, Petruzelka L, Blasiak P, Bobek V,
Kolostova K.  Characterization  of
circulating tumor cells in early breast
cancer patients receiving neoadjuvant
chemotherapy. Therapeutic Advances in
Medical Oncology. 2021;13:
17588359211028492.

136. Papadaki MA, Koutsopoulos AV,
Tsoulfas PG, Lagoudaki E, Aggouraki D,
Monastirioti A, et al. Clinical relevance of
immune checkpoints on circulating tumor
cells in breast cancer. Cancers. 2020;12(2):
376.

137. Papadaki MA,  Monastirioti A,
Apostolopoulou CA, Aggouraki D,
Papadaki C, Michaelidou K, et al. TLR4
and pSTAT3 Expression on Circulating
Tumor Cells (CTCs) and Immune Cells in

the Peripheral Blood of Breast Cancer
Patients: Prognostic Implications. Cancers.
2022;14(4):1053.

138. Lee C-H, Hsieh JC-H, Wu TM-H, Yeh
T-S, Wang H-M, Lin Y-C, et al. Baseline
circulating stem-like cells predict survival
in patients with metastatic breast Cancer.
BMC cancer. 2019;19:1-10.

139. Chen Z, Sun T, Yang Z, Zheng Y, Yu
R, Wu X, et al. Monitoring treatment
efficacy and resistance in breast cancer
patients via circulating tumor DNA
genomic profiling. Molecular genetics &
genomic medicine. 2020;8(2):e1079.

140. Raimondi L, Raimondi FM, Pietranera
M, Di Rocco A, Di Benedetto L, Miele E,
et al. Assessment of resistance mechanisms
and clinical implications in patients with
KRAS mutated-metastatic breast cancer
and resistance to CDK4/6 inhibitors.
Cancers. 2021;13(8):1928.

141. Sandfeld-Paulsen @ B,  Aggerholm-
Pedersen N, Baek R, Jakobsen K,
Meldgaard P, Folkersen B, et al. Exosomal
proteins as prognostic biomarkers in non-
small cell lung cancer. Molecular oncology.
2016;10(10):1595-602.

142. Xie C, Ji N, Tang Z, Li J, Chen Q. The
role of extracellular vesicles from different
origin in the microenvironment of head and
neck cancers. Molecular cancer. 2019;18:1-
15.

143. Landegren U, Hammond M. Cancer
diagnostics based on plasma protein
biomarkers: hard times but great
expectations. Molecular oncology. 2021;
15(6):1715-26.

144. Ding Z, Wang N, Ji N, Chen Z-S.
Proteomics technologies for cancer liquid
biopsies. Molecular Cancer. 2022;21(1):53.

145. Yang Y, Zhang H, Zhang M, Meng Q,
Cai L, Zhang Q. Elevation of serum CEA
and CAI15-3 levels during antitumor
therapy predicts poor therapeutic response
in advanced breast cancer patients.
Oncology Letters. 2017;14(6):7549-56.

146. Laessig D, Nagel D, Heinemann V,
Untch M, Kahlert S, Bauerfeind I, Stieber
P. Importance of CEA and CA 15-3 during
disease progression in metastatic breast
cancer patients. Anticancer research.
2007;27(4A):1963-8.

147. Martinez-Dominguez MV, Zottel A,
Samec N, Jové&evska I, Dincer C, Kahlert
UD, Nickel A-C. Current technologies for

o 2] 3liumy 56 slont solke Alzro | oS0 g 313 oS

WV(Y): 00-AN


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html

by O p LSR5 (il 55 ol Conodl 9 &alo (ot

[ Downloaded from irjbd.com on 2026-06-18 ]

[ DOI: 10.61186/ijbd.17.3.55]

VV(F): 00-AN

RNA-directed liquid diagnostics. Cancers.
2021;13(20):5060.

148. Drokow EK, Sun K, Ahmed HAW,

Akpabla GS, Song J, Shi M. Circulating
microRNA as diagnostic biomarkers for
haematological cancers: a systematic
review and  meta-analysis.  Cancer
Management and Research. 2019:4313-26.

149. Shivapurkar N, Vietsch EE, Carney E,

Isaacs C, Wellstein A. Circulating
microRNAs in patients with hormone
receptor-positive, metastatic breast cancer
treated with dovitinib. Clinical and
translational medicine. 2017;6(1):1-10.


http://dx.doi.org/10.61186/ijbd.17.3.55
https://irjbd.com/article-1-1105-fa.html
http://www.tcpdf.org

