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Abstract- Circulating tumor cells (CTCs) recognition and characterization in the peripheral blood of 

patients with breast cancer have proven practical and predictive value in different studies. However, the 

clinical significance of CTCs enumeration and molecular characterization in thepersonalization of breast 

cancer diagnosis and treatment remains under the debate. A literature search in PubMed, Web of Science and 

Scopus was performed from October 1990 to June 2016 for studies which evaluating CTCs and its 

association with clinical and pathological characteristics and medical outcome in the field of breast cancer 

personalization for both diagnosis and treatment categories. The treatment outcomes were progression-free 

survival (PFS) and overall survival (OS) or relapse in different patients. Sixty-nine studies met the inclusion 

criteria. The sample size varies from 1 to 2026. Median follow-up was 15 months (range 3-27). Different 

molecular techniques have been applied toresearch, but they mostly are based on CTCs enrichment and then 

detection by using FDA-approved Cell SearchTM. By far the most studies define CTCs as cytokeratins (CK) 

positive and CD45 negative cells. Despite the differences in methodology, twenty-eight studies for breast 

cancer diagnosis and prognosis were mainly focused on CTCs isolation and enumeration.Forty-

threeresearches were about CTCs count and exact molecular characterization. In the way of precision 

treatment, CTCs detection before starting the first-line of therapy or during therapy in breast cancer patients is 

extremely valuable, but in the way of precision medicine it should be supported with some molecular 

characteristics of CTCs like CTCs phenotypic changes, gene expression analysis of CTCs and molecular 

characteristics of CTCs. 

© 2017 Tehran University of Medical Sciences. All rights reserved.  
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Introduction 
 

Breast cancer is the most common type of cancer 

amongst women in both developed and developing 

countries (1). According to American Cancer Society, 

the new breast cancer cases among women in 2012 was 

1,676,600. The number of breast cancer deaths in 

women in 2012 was 521,900 all over the world (2). 

Most women undergo surgery for breast cancer and also 

receive other treatment such as hormone therapy, 

chemotherapy or radiation before or after surgery 

(lumpectomy, mastectomy, sentinel node biopsy, 

auxiliary lymph node dissection or removing both 

breasts). One of the problematic issues about breast 

cancer is drug resistance and tumor relapse which 

occurred in an unpredictable level in different patients 

that means not all patients respond equally to cancer 

therapeutic compounds. At the molecular level, how a 
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person responds to a cancer therapy is running in their 

gene expression pattern, genetic changes and their 

position in the cancer genome (3-5). The reference book 

from the WHO clusters breast cancer into 17 different 

types according to their microscopic appearance (6) and 

The genomic and transcriptomic architecture of 2,000 

breast tumors discloses novel subgroups (7). 

Thanks to the use of biotechnologies, impressive steps 

toward understanding the biology of breast cancer have 

been accomplished over last decade. In order to discover 

the genomic characteristics of breast cancer, new 

generation of biomarkers has become available with the 

discovery of the genetic alterations that are responsible 

for the initiation and progression of human breast cancers 

(8-10). Because of breast cancer intra-tumor 

heterogeneity (11) for real-time monitoring of the 

treatment, there is an essential need to repeat tumor 

biopsies from different anatomical areas and at different 

time-points. However, common tissue biopsies of a small 

tumor region may not provide an exact characterization of 

the genetic, epigenetic and/or phenotypic alterations 

found in the tumor as a whole (12,13). Additionally, it is 

quite challenging since it is costly, painful, hard to repeat 

and potentially risky for the patient.  

For cancer research, liquid biopsies, which are 

adiagnostic concept, open a new perspective for real 

time tracking of cancer. Liquid biopsy is defined as 

circulating tumor cells (CTCs) and fragments of tumor 

DNA (ctDNA) that are released into the blood from the 

primary tumor and from metastatic sites (14). As we 

know for tumor metastasis the spread of a primary tumor 

to the blood stream through CTCs is a critical step (15). 

Circulating tumor cells (CTCs) are cancerous cells 

originating from a primary or metastatic tumor and shed 

into the peripheral blood (16). In breast cancer (BC), 

CTCs are detectable in patients with both early stages 

and late stages of disease (17-19). It has been shown that 

the CTCs detection may help to predict the clinical 

outcome in patients with different types of cancers, 

especially the enumeration of CTCs before starting 

systemic treatment in both metastatic and non-metastatic 

breast cancer patients (20). Furthermore, CTC count at 

different time points during systemic treatment could be 

a reliable marker of treatment response and have to 

decide on therapies based on molecular characteristics of 

CTCs (21-24). Because CTCs are found in circulation as 

a collectible fraction that is representative of the tumor, 

they may provide an ideal model to study the biology of 

the tumor at various intervals before and during 

treatment (23,24).  

Take everything into consideration; precision breast 

cancer treatment can be possible by using CTCs 

enumeration or characterization (25). Interestingly, 

several authors have shown that monitoring CTC levels 

facilitate prediction of treatment efficacy (26,27). In this 

article, we provide a first-time systematic review about 

research focusing on using both CTCs enumeration and 

molecular characterization and personalization of 

therapeutic and diagnostic procedures of breast cancer. 

 

Materials and Methods 
 
An independent systematic review of the literature 

across PubMed, web of Science and Scopus was 

conducted inJuly 2016. The search strategy included 

keywordssuch as “CTCs” or “Circulating Tumor Cells” 

or “liquid biopsy” and “breast cancer” and 

“personalized medicine” or “precision therapy” or “P4 

medicine” or “stratified medicine” through their title, 

abstract and text from October 1990 to June 2016. 

Only studies published in peer-reviewed journals were 

included, data from letters and conference abstracts or 

report were not included. The study selection process is 

shown in Figure 1and search strategies, and results are 

provided in additional File1. Two reviewers evaluated 

all the candidate titles and abstracts categorized by the 

search strategy, and all potentially relevant 

publications were retrieved in full. They independently 

evaluated the selected articles for study eligibility. 

After apreliminary review of articles for study 

inclusion, aninter-reviewer agreement was assessed 

with the Cohen's kappa (κ) coefficient, and 

disagreement was resolved by discussion (16). 

 

 
Figure 1. PRISMA flow diagram presenting the results of the 

literature search and study selection process 

 

Data extraction 

For eligible studies specific data elements included the 

following: author, year of publication, journal citation, 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4479068/figure/Fig1/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4479068/#MOESM1
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country, inclusion and exclusion criteria, study design and 

methodology for CTCs isolation and characterization 

(including but not limited to the cell surface markers, and 

definition of positive thresholds distribution of 

pathological factors including patients' age, tumor 

histology, tumor grade, type of breast cancer, tumor stage, 

and residual disease), details related to the therapeutic 

strategy (type of treatment, chemotherapy agents); 

duration and completeness of follow-up, analytical 

strategy between CTCs and outcome (s) of interest.  

 

Assessment of bias in included studies  

The methodological quality of the included studies 

was assessed in accordance with the risk bias guidelines 

in the Cochrane reviewers’ Handbook 5.1.0. The risk of 

bias of the studies was assessed according to the 

following criteria: (1) the design of study; (2) whether or 

not patients included in analyses were representative of 

the larger population of breast cancer patients in a 

similar clinical setting (external validity); and (3) 

whether or not bias within the study design and analysis 

was appropriately considered (i.e. internal validity). 

 

Results 
 

Characteristics of included studies: Sixty-nine studies 

were included in the final analysis. There was a high 

grade of concordance between reviewers (κ=0.9) in 

selecting the studies to be included in this systematic 

review. Most studies were case series; other study designs 

included: case-control and cohort studies. On studies was 

case presentation (28) and one another was a multi-

compartment model which imitates the dynamics of 

tumor cells in the mammary duct, in both bones and 

circulatory system (29). Study size ranged from 1(case 

presentation) to 2026 patients. The most frequent of the 

patients had metastatic breast cancer (MBC). The timing 

for thecollection of CTCs varied widely among studies. 

Thirty-two studies just focused on using Cell Search 

system and Cell Spotter Analyzer for CTCs enrichment, 

isolation, and enumeration (Table 1).  

 

Table 1. Using of CTCs enumeration  in personalized management of breast cancer 
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Continuance of Table 1. 
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They check CTCs number at thestarting point, 

through the first weeks of treatment and after treatment 

completion as a factor for progression-free survival 

(PFS), overall survival (OS) and relapse in different 

patients. CTCs are defined mostly in place of 

cytokeratin (CK) positive and CD45 negative cells. 

Detection of five or more CTCs per 7.5 mL blood during 

therapeutic monitoring can accurately predict prognosis 

in MBC (30) and significantly decreased responses by 

their immune cells in comparison with those patients 

who had 5 CTCs or less (20,31,32) so it is a strong 

prognostic factor for OS during neoadjuvant 

chemotherapy (NACT) in MBC patients (33-36). About 

positron emission tomography-computed tomography 

(PET) it can easily say that FDG-PET/CT and FLT-PET 

and CTC analyses could be considered to potentially 

predict early response when used in combination; 

correlations with OS and PFS (37,38). One or more 

CTCs present after neoadjuvant chemotherapy predicted 

relapse and survival in non-metastatic triple-negative 

breast cancer (TNBC) patients but CTCs presence was 

not connected to the primary tumor size, high grade or 

lymph node positivity (39,40) and also CTCs after 

primary chemotherapy recognized inflammatory breast 

cancer (IBC) patients who are at risk of relapse (41). 

The results indicate that the CellSearch
TM

 system is 

superior to the DNA Test in the way of  clinical outcome 

in advanced breast cancer prediction (42). Finally 

,prognostic information provided by CTC count may be 

useful in patient stratifications and therapeutic selection 

(particularly in the group with positive CTCs) (43), but 

CTCs were powerfully predictive of survival in all MBC 

subtypes excluding Her2 positive patients who had been 

received targeted therapy (44,45). Some data propose a 

lower prognostic implication of CTC evaluation in 

Her2-positive patients with MBC (46). 

Additional thirty-sevenresearches mostly consider 

cellular markers and gene expression profile of CTCs 
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and have more emphasize on personalized breast 

cancer diagnosis and treatment (Table 2). In twenty-

one of them the most common molecular marker was a 

proto-oncogene Neu (Her2) alone or collectively with 

other molecules such as epithelial cell adhesion 

molecule (EPCAM), progesterone receptor (PR, also 

known asNR3C3ornuclear receptorsubfamily 3, group 

C, member 3) and estrogen receptors (ERs) (47).  

 

 

 

Table 2. Using of CTCs molecular characteristics in personalized management of Breast Cancer 
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Continuance of Table 2. 
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Continuance of Table 2. 

In
 th

e co
n
tex

t o
f th

is trial, it sh
o

u
ld

 b
e p

o
ssib

le to
 ex

am
in

e if trastu
zu

m
ab

 an
d
 lap

atin
ib

 treatm
en

t affect th
e 

k
in

etics an
d

 H
E

R
2
 ex

p
ressio

n
 o

n
 C

T
C

. 

A
 stu

d
y
 fo

r d
eterm

in
in

g
 C

T
C

 b
io

m
ark

ers in
 Iran

ian
 b

reast can
cer w

o
m

en
  th

at su
g

g
est th

at th
e C

K
-1

9
 

m
R

N
A

 ex
p

ressio
n
 in

v
estig

atio
n
 m

ay
 b

e u
sefu

l fo
r m

o
n

ito
rin

g
 C

T
C

s in
 th

e b
lo

o
d
 o

f m
etastatic b

reast 

can
cer p

atien
ts, p

red
ictin

g
 early

 m
etastatic relap

se o
r m

o
n
ito

rin
g

 o
f an

ti-m
etastasis treatm

en
ts. 

T
h

e ap
o

p
to

tic in
d
ex

 o
f C

T
C

s is in
creased

 d
u

rin
g

 clin
ical d

o
rm

an
cy

, w
h
ereas th

e p
ro

liferatio
n

 in
d

ex
 is 

in
creased

 o
n

 relap
se. In

 ad
d

itio
n

, ap
o

p
to

tic C
T

C
s are m

o
re freq

u
en

tly
 en

co
u

n
tered

 d
u
rin

g
 fo

llo
w

-u
p

 in
 D

C
 

p
atien

ts w
h

o
 rem

ain
 d

isease
-free co

m
p

ared
 to

 th
o

se w
ith

 su
b
seq

u
en

t late relap
se, su

g
g
estin

g
 th

at 

m
o

n
ito

rin
g

 p
ro

liferatio
n
 an

d
 ap

o
p
to

sis in
 C

T
C

s d
u

rin
g
 clin

ical d
o

rm
an

cy
 m

erits fu
rth

er in
v

estig
atio

n
 as a 

to
o

l fo
r p

red
ictin

g
 late d

isease recu
rren

ce. 

M
o

lecu
lar p

ro
filin

g
 o

f C
T

C
 m

ay
 o

ffer su
p
erio

r p
ro

g
n

o
stic in

fo
rm

atio
n

 w
ith

 reg
ard

 to
 risk

 assessm
en

t fo
r 

recu
rren

ce an
d

 p
red

ictiv
e ju

d
g
em

en
t o

f th
erap

eu
tical reg

im
en

s 

E
p

iru
b

icin
/cy

clo
p
h

o
sp

h
am

id
e p

rio
r to

 ran
d
o

m
izatio

n
 to

 d
o

cetax
el alo

n
e, d

o
cetax

el in
 co

m
b

in
atio

n
 w

ith
 

cap
ecitab

in
e, d

o
cetax

el fo
llo

w
ed

 b
y

 cap
ecitab

in
e an

d
 ad

d
itio

n
al trastu

zu
m

ab
 treatm

en
t 

C
h

em
o

th
erap

y
 

A
d

ju
v

an
t ch

em
o
th

erap
y
 

A
n

  an
th

racy
clin

e
- o

r tax
an

e
-b

ased
 ch

em
o
th

erap
y
 , trastu

zu
m

ab
 

H
E

R
2

 ex
p

ressio
n
 o

n
 C

T
C

. 

C
K

-1
9

 g
en

e ex
p

ressio
n
 

A
p

o
p

to
tic m

ark
ers:  K

i6
7
 an

d
 M

3
0
 statu

s o
f C

T
C

s 

 

H
E

R
2

, M
U

C
1
 an

d
 G

A
7

3
3

-2
 tran

scrip
t 

F
o

o
d

 an
d

 D
ru

g
 A

d
m

in
istratio

n
–
ap

p
ro

v
ed

 C
ellS

earch
 sy

stem
 fo

r C
T

C
 d

etectio
n

 an
d
 ev

alu
atio

n
 o

f H
E

R
2

 

ex
p

ressio
n

 an
d
 d

ev
elo

p
ed

 H
E

R
2
 im

m
u

n
o

sco
rin

g
 fo

r C
T

C
 

S
Y

B
R

 g
reen

-b
ased

 real-tim
e q

u
an

titativ
e p

o
ly

m
erase ch

ain
 reactio

n
 assay

s 

cell lin
es S

K
B

R
3

 an
d
 M

D
A

-M
B

2
3

1
 w

ere 

o
b

tain
ed

 fro
m

 th
e A

m
erican

 T
y
p

e C
u

ltu
re C

o
llectio

n
 

(M
an

assas, V
A

, U
S

A
), F

ico
ll- H

y
p

aq
u

e d
en

sity
 g

rad
ien

t 

A
d

n
aT

estB
reastC

an
cer, T

h
e estro

g
en

 (E
R

) an
d
 p

ro
g

estero
n
e (P

R
) recep

to
r ex

p
ressio

n
 w

as assessed
 b

y
 R

T
-

P
C

R
 

E
n

u
m

eratio
n

 an
d
  ch

aracterizatio
n
 o

f C
T

C
s 

      

C
T

C
s ch

aracterizatio
n
 

C
T

C
s d

etectio
n

 an
d
 ch

aracteriz
atio

n
,  C

T
C

s C
ell cu

ltu
re 

   

M
o

lecu
lar ch

aracterizatio
n
 o

f sin
g
le C

T
C

s 

  

P
atien

ts w
ith

 eith
er 

larg
e o

p
erab

le o
r lo

cally
 ad

v
an

ced
 tu

m
o

rs, tu
m

o
rs w

ith
 

n
eg

ativ
e h

o
rm

o
n

e recep
to

r statu
s, o

r recep
to

r-p
o

sitiv
e tu

m
o

rs b
u

t clin
ically

 n
o

d
e
-p

o
sitiv

e d
isease 

M
B

C
 

stag
e I to

 III early
 b

reast can
cer 

M
B

C
 

C
ase series 

C
ase/co

n
tro

l 

C
ase series 

C
ase series 

2
8

7
 

2
1

/2
0
 

1
2

2
 

4
2

/8
8
 

2
0

1
0
 

2
0

1
5
 

2
0

1
4
 

2
0

0
9
 

D
etectio

n
 an

d
 H

E
R

2
 ex

p
ressio

n
 o

f circu
latin

g
 tu

m
o
r cells: p

ro
sp

ectiv
e m

o
n
ito

rin
g
 in

 b
reast can

cer p
atien

ts 

treated
 in

 th
e n

eo
ad

ju
v
an

tG
ep

arQ
u

attro
 trial 

T
h

e ex
p

ressio
n

 o
f C

K
-1

9
 g

en
e in

 circu
latin

g
 tu

m
o

r cells o
f b

lo
o

d
 sam

p
les o

f m
etastatic b

reast can
cer 

w
o

m
en

 

 

E
v

alu
atio

n
 o

f p
ro

liferatio
n

 an
d
 ap

o
p

to
sis m

ark
ers in

 circu
latin

g
 tu

m
o

r cells o
f w

o
m

en
 w

ith
 early

 b
reast 

can
cer w

h
o
 are

 can
d

id
ates fo

r tu
m

o
r d

o
rm

an
cy

 

M
o

lecu
lar p

ro
filin

g
 an

d
 p

red
ictiv

e v
alu

e o
f circu

latin
g

 tu
m

o
r cells in

 p
atien

ts w
ith

 m
etastatic b

reast can
cer: 

an
 o

p
tio

n
 fo

r m
o

n
ito

rin
g
 resp

o
n

se to
 b

reast can
cer related

 th
erap

ies 

R
ieth

d
o

rf, S
.(2

1
) 

S
o

ltan
i S

.,(6
8

) 

S
p

ilio
tak

i, M
(6

9
). 

T
ew

es, M
.(1

3
3

) 

 

H
E

R
2
 targ

etin
g
 

th
erap

y
,          H

E
R

2
 

d
irected

 treatm
en

t 

co
m

b
in

ed
 w

ith
 

ch
em

o
th

erap
y
 

estro
g
en

 an
d
/o

r 

p
ro

g
estero

n
e (H

o
R

) 

an
d
 H

er2
 

C
ellS

earch
  sy

stem
 

(V
erid

ex
, L

L
C

, 

W
arren

, N
J, U

S
A

), 

Im
m

u
n
o
h
isto

ch
em

ical 

stain
in

g
( IH

C
) 

E
n
u
m

eratio
n
 an

d
 

ch
aracterizatio

n
 o

f 

C
T

C
s 

  

M
B

C
 

C
ase series in

 

4
6
8

 

2
0
1
3
 

T
h

e p
ro

g
n
o
stic im

p
act 

o
f circu

latin
g
 tu

m
o
r 

cells in
 su

b
ty

p
es o

f 

m
etastatic b

reast 

can
cer 

W
allw

ien
er, 

M
ark

u
s(1

3
4

) 

T
h
ere w

as n
o
 

statistically
 sig

n
ifican

t 

relatio
n
sh

ip
 b

etw
een

 

T
N

M
 stag

e an
d
 

d
etectio

n
 o

f C
T

C
-

related
 m

ark
ers. D

ata 

fro
m

 th
is stu

d
y
 

su
g
g
est th

at R
T

-q
P

C
R

 

assay
 fo

r th
e d

etectio
n
 

o
f C

T
C

 m
ark

ers 

m
ig

h
t b

e u
sefu

l in
 

selectin
g
 ap

p
ro

p
riate 

th
erap

eu
tics an

d
 fo

r 

m
o
n
ito

rin
g
 treatm

en
t 

efficacy
 in

 b
reast 

can
cer p

atien
ts 

A
d
ju

v
an

t 

ch
em

o
th

erap
y
 , n

eo
-

ad
ju

v
an

t  

ch
em

o
th

erap
y
 

E
p
C

A
M

, cy
to

k
eratin

 

(C
K

) 1
9
, h

u
m

an
 

ep
id

erm
al g

ro
w

th
 

facto
r (H

E
R

) 2
, K

i6
7
, 

h
u
m

an
 telo

m
erase 

rev
erse tran

scrip
tase 

(h
T

E
R

T
) an

d
 

v
im

en
tin

 

C
ell cu

ltu
re 

,q
u
an

titativ
e rev

erse 

tran
scrip

tio
n
 P

C
R

 

(R
T

-q
P

C
R

)  an
d
 R

T
-

q
P

C
R

T
aq

M
an

 assay
 

E
n
u
m

eratio
n
 an

d
 

ch
aracterizatio

n
 o

f 

C
T

C
s 

  

S
tag

es 0
–
III B

reast 

can
cer 

C
ase series 

2
2
1

 

2
0
1
4
 

D
etectio

n
 o

f 

circu
latin

g
 tu

m
o
r cells 

in
 p

atien
ts w

ith
 b

reast 

can
cer u

sin
g
 th

e 

q
u
an

titativ
e R

T
-P

C
R

 

assay
 fo

r m
o
n
ito

rin
g
 

o
f th

erap
y
 efficacy

 

W
an

g
, H

. Y
.(1

3
5
) 

P
ro

g
n
o
stic effect o

f 

H
E

R
2

-p
o
sitiv

e C
T

C
s 

in
 stag

e I to
 III b

reast 

can
cer to

 d
eterm

in
e 

th
e o

u
tco

m
e o

f 

p
atien

ts treated
 w

ith
 

H
E

R
2

-targ
etin

g
 

th
erap

ies w
ith

 resp
ect 

to
 H

E
R

2
-p

o
sitiv

e 

C
T

C
 lev

els b
ecau

se it 

is n
o
t u

n
lik

ely
 th

at 

h
ig

h
 lev

els o
f H

E
R

2
-

p
o
sitiv

e C
T

C
s reflect 

th
e activ

ity
 o

f th
e 

tu
m

o
r an

d
 m

ay
 

p
red

ict resp
o
n
se to

 

trastu
zu

m
ab

. 

S
u
rg

ical th
erap

y
 ( 

m
astecto

m
y
 ),  

co
m

b
in

ed
 w

ith
 

p
o
sto

p
erativ

e 

ip
silateral 

rad
io

th
erap

y
.  

ad
ju

v
an

t th
erap

y
 , 

cy
to

to
x
ic 

ch
em

o
th

erap
y
 an

d
 

ex
clu

siv
ely

 treated
 

w
ith

 en
d
o
crin

e 

th
erap

y
 

E
stro

g
en

 recep
to

r an
d
 

H
er2

 

 

E
n
u
m

eratio
n
 an

d
 

ch
aracterizatio

n
 o

f 

C
T

C
s 

   

M
B

C
 

C
ase series 

4
2

 

2
0
0
6
 

H
E

R
2

-p
o
sitiv

e 

circu
latin

g
 tu

m
o
r cells 

in
d
icate p

o
o
r clin

ical 

o
u
tco

m
e in

 stag
e I to

 

III b
reast can

cer 

p
atien

ts 

W
u
lfin

g
, P

.(1
0

2
) 

T
h
is assay

 co
u
ld

 b
e a 

v
alu

ab
le to

o
l fo

r 

m
o
n
ito

rin
g
 b

reast 

can
cer p

atien
ts d

u
rin

g
 

an
d
 after th

erap
y
. 

C
h
em

o
th

erap
y
,H

o
rm

o

n
e th

erap
y
 

,C
h
em

o
th

erap
y
 +

 

h
o
rm

o
n
e th

erap
y
, 

C
h
em

o
th

erap
y

 +
 

H
ercep

tin
, N

o
 

treatm
en

t an
d
 

U
n
k
n
o

w
n
 

ex
p
ressio

n
 lev

els o
f 

m
am

m
ag

lo
b
in

, 

B
3
0
5
D

, g
am

m
a-

am
in

o
b
u
ty

rate ty
p

e A
 

recep
to

r p
i su

b
u

n
it 

(G
A

B
A

 p
i; G

A
B

R
P

) 

an
d
 B

7
2
6
P

 

 

C
T

C
s  g

en
e 

ex
p
eressio

n
 lev

el 

   

stag
e I to

 IV
 b

reast 

can
cer 

C
ase/C

o
n

tro
l 

8
2
/5

1
 

2
0

0
6
 

D
etectio

n
 o

f 

circu
latin

g
 tu

m
o

r cells 

in
 p

erip
h
eral b

lo
o

d
 o

f 

b
reast can

cer p
atien

ts 

d
u
rin

g
 o

r after th
erap

y
 

u
sin

g
 a m

u
ltig

en
e 

real-tim
e R

T
-P

C
R

 

assay
 

Z
eh

en
tn

er, B
. K

.(1
3
6
) 

 

 

They indicated that checking of Her2 expression on 

CTCs might be beneficial in trials with anti-Her2 (48) or 

optimizing individually tailored therapies in Her2-positive 

MBC patients (49), also the finding of Her2 mRNA-

positive CTCs after the adjuvant chemotherapy 

completion possibly will provide clinically useful data 

concerning the efficacy of treatment and operable breast 

cancer prognosis (50). Her2-positive CTCs count will be 

required to compare the assay-dependent Her2 status of 

CTCs to the clinical response to Her2-targeted therapies 

(48,51,52) because patients with Her2 overexpression in 

CTCs taken inferior progression-free survival compared 

with those without CTCs or with Her2-CTCs (53). 

Lapatinib, which may be given with the chemotherapy 

drug capecitabine (Xeloda) or a biological therapy called 

trastuzumab (Herceptin) is an effective drug in decreasing 

Her2-positive CTCs in patients with MBC irrespectively 

of the Her2 status of the primary tumor (54) but in one 

reported case it is shown that expression of epidermal 

growth factor receptor (EGFR) could predict response to 

lapatinib-based treatments (28). The association between 

EGFR-positive CTCs and Luminal tumors was justified in 

one study (47). 

In one research whole genome amplification 3-5 

single CTCs per patient were analyzed by next generation 

sequencing (NGS) for fiftycancer-related genes (55). 
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They found 51 sequence variants in 25 genes including 

both inter- and intra-patient heterogeneity in the 

mutational status of CTCs. The highest number of 

somatic deleterious mutations was found in the gene 

TP53, whose mutation is associated by means of adverse 

prognosis in breast cancer and supports the applicability 

of a non-invasive approach based on the liquid biopsy in 

MBC patients for the development of new therapeutic 

strategies in precision medicine. Checking the status of 

eight genes mRNA expression profile 

incirculatingtumorcells conducted by Reijm E.A., et al., 

identified that 75% most variable genes which are 

differentially expressed in two groups of good and poor 

responders and was significantly associated with outcome 

(56). This predictor recognized poor responding patients 

with a sensitivity of 63% and a positive predictive value 

of 75%, whereas good responding patients were properly 

predicted in 85% of the cases.  

 

Some of other studied molecule markers are 

 Carcino Embryonic Antigen (CEA) and Cancer 

Antigen 15-3 (CA15-3) amount combination can 

predict survival (OS and PFS) (33,57-60). 

Independent prognostic significance of elevated 

preoperative serum CEA and CA15-3 levels were 

reconfirmed in Luminal B breast cancer (60,61). 

 Interleukin-4,-5,-6,-8-13, Th2 cytokines  (62) In CTC-

negative patients, expression of interleukin-8 (IL-8) 

and IL-13 had increased on the occasion of being 

negative for progesterone receptor. IL-5 was 

significantly enlarged in patients with human 

epidermal growth factor receptor 2 (Her2)-positive and 

lymph node-positive, IL-4 was increased in patients 

with progesterone receptor-positive and estrogen 

receptor-negative, in addition, IL-6 levels was 

escalated in patients with tumor grade G3 lacking 

progesterone receptor expression. Th2 cytokines are 

expressively changed in patients who were CTC-

negative and progesterone receptor-positive 

consequently IL-4 plays a leading role in the poor 

outcome of a number of breast cancer cases (62). 

 Stanniocalcin-1 (STC-1), N-acetyl galactosaminyl 

transferase (GalNacT), and melanoma antigen gene 

family-A3 (MAGE-A3) assessment by quantitative 

Real Time (qRT) PCR for mRNA expression showed 

acorrelation between the total axillary LN (ALN), 

non- sentinel lymph node (SLN) and SLN 

histopathology status. So the recognition of CTCs 

proposes an innovative means to assess the presence 

of systemic disease spreading relative to SLN and 

ALN histopathology status (63,64). 

 The immune checkpoint regulators such as PD-L1( 

CD279), PD-L2 (B7-DC; CD273), reported the 

expression of PD-L1 on CTCs and CTC/PD-L1 assay 

as a useful screening for liquid biopsy in future 

clinical trials for stratification and monitoring of 

cancer patients undergoing immune checkpoint 

blockade (53,65).  

 MUC1, TOP1, TOP2A, CTSD, ST6, CK19 as a 

promising early marker of disease progression which 

is useful for both on behalf of both the prediction of 

outcome and checking the effect of treatment (66). 

 Cytokeratin 7, 8, 18 and 19 (67) to predicting early 

metastatic relapse or monitoring of anti-metastasis 

treatments (68).  

 Apoptotic markers like Ki67 and M30 (69) that are 

enlarged during clinical dormancy, but the 

proliferation index is augmented on relapse or late 

disease recurrence (69).  

 Hotspot mutations in ESR1, phosphatidylinositol-4, 

5-bisphosphate 3-kinase, catalytic subunit alpha 

(PIK3CA), tumor protein p53 (TP53), fibroblast 

growth factor receptor 1 (FGFR1), and fibroblast 

growth factor receptor 2 (FGFR2) for termination of 

ineffective endocrine therapies and substituting 

another treatment (70). 

 Circulating levels transforming growth factor-βeta 

(TGF-β) and Chemokine (C-X-C Motif) Ligand-1 

(CXCL1) which are linked to the poor prognosis, 

besides lung metastases in patients with breast cancer 

(71). 

 

Discussion 
 

There has been a growing interest in exploring the 

clinical significance of CTCs in personalized diagnosis 

and treatment of breast cancer over the last decade. Here, 

we report the first systematic review of published studies 

evaluating the association of CTCs enumeration and 

molecular identification with clinicopathological 

characteristics and clinical outcome breast cancer. We 

identified sixty-nine studies. One of them was related to 

the best techniques for detection the early markers of 

response to chemotherapy which may ultimately lead to 

tailored therapies and avoid cumulative toxicity, using 

metabolic imaging with [18F] 3´-deoxy-3´-

fluorothymidine PET (FLT-PET) in women with 

advanced breast cancer, before and during docetaxel 

therapy could provide a powerful, albeit expensive, tool to 

assess immediate responses to therapy (37). Another 

study was related to using of whole-body FDG-PET/CT 

in MBC patients who has relapsed/progressive MBC. It is 
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shown that existence of widespread bone metastases 

identified by FDG-PET/CT is connected directly to the 

increased CTC numbers in MBC (30). Recently some 

methods have been established for constantly identifying 

and quantifying CTCs in blood samples (72-75). 

Breakthrough in the biosensor field and microfluidic chip 

for discriminating separation of circulating tumor cells 

(CTCs) recently have brought the new insight for tracking 

metastatic breast cancer, CTCs enrichment and isolation 

platforms (76-79). 

Sixty-seven studies were mainly focused on CTC 

isolation, enumeration and characterization before and 

during therapy to estimate the utility in changing therapy 

against maintaining therapy in breast cancer patients. 

Most assays established for the enumeration of CTCs by 

means of CellSearch system which rely on the expression 

of the epithelial cell adhesion molecule 

(EpCAM).EpCAM is 

atransmembraneglycoproteinmediating Ca2+-indepen-

dentcell adhesion moleculeinepithelial which also is 

involved in cell signaling,migration,proliferation, and 

differentiation (80-82). The weak point of this method is 

that may not detect CTCs that express no/low levels of 

EpCAM like cells which are undergoing epithelial-to-

mesenchymal transition (EMT) (83),  therefore estimated 

the value of several cytokeratin and CD49f to distinguish 

CK8/18/19- negative CTCs. For further improvement of 

CTC detection in breast cancer shared staining of 

CK8/18/19 and CD49f following CD146/EpCAM 

enrichment is suggested (84). Furthermore, a functional 

cell separation method, called collagen adhesion matrix 

(CAM) assay, has described recently to improve 

enrichment and identification steps methods (85-87). 

Although CTC status was prognostic and changing 

CTC levels during chemotherapy are useful to monitor 

therapy efficacy (20,30,31,34,39-41,43,58,88-93), simple 

enumeration has a low predictive value and cannot predict 

a specific course of treatment (94,95), and it needs to be 

added to full clinic-pathological predictive models (88). 

The early DETECT trials revealed that a serial CTC 

measurements before and after chemotherapy shown a 

prognostic value (42,57) but subsequent related trials 

evaluating targeted agents based on phenotypes of CTCs 

(96). Molecular characterization of CTCs is an important 

step forward to the way of personalizing management of 

breast cancer to inform the discovery of exact therapeutic 

predictors. Because of high circulating tumor cell (CTC) 

heterogeneity (97), it can easily say that there is an 

extreme need for molecular profiling of CTCs including 

protein expression, phenotypic changes and gene 

expression (48,98). It has been shown that treatment 

efficiency or recurrent of breast tumors (MBC or TNBC) 

could be predictable with analysis the expression of some 

molecules like a proto-oncogene Her2 

(21,39,50,54,89,99). The result of these studies indicates 

that after the accomplishment of adjuvant chemotherapy, 

detection of Her2 positive CTCs may provide clinically 

useful information related to the treatment efficacy (50). 

The clinical trial Gepar Quattro combined  neoadjuvant 

(NT) attitudes (epirubicin/cyclophosphamide prior to 

randomization to docetaxel alone, docetaxel in 

combination with capecitabine, or docetaxel followed by 

capecitabine) plus additional trastuzumab treatment in 

patients who have Her2-positive tumors  then shown that 

CTCs detection had not been connected to the primary 

tumor characteristics, but CTC Her2 overexpression was 

limited to ductal carcinomas and  was completely 

connected to the higher tumor stage (21). CTC numbers 

were truncated in patients with primary breast cancer, in 

addition, the reduction in CTCs amount during treatment 

was not related to the standard clinical characteristics and 

primary tumor response so the evidence of the CTCs Her2 

might be beneficial for Her2-directed therapies 

monitoring (21). Moreover several studies checked the 

prognostic impact of Her2 in combination with some 

other cellular markers like hormone receptors (ER and 

PR) and Her2expression (45,46,55,100-102), epidermal 

growth factor receptor (EGFR) and Her2 in reaction to a 

treatment regime comprising lapatinib (a dual EGFR and 

Her2 tyrosine kinase inhibitor) (28). EGFR-positive CTCs 

were associated with Luminal tumors in apatient who is 

impressed by chemorefractory metastatic Her2-positive 

breast cancer receiving lapatinib (47). Disease progress 

was completely connected to a recurrence in CTCs; 

representing EGFR expression could calculate aresponse 

to lapatinib-based treatments (28). 

CTCs prognostic outcome was fewer evident in Her2 

positive MBC patients cured by targeted therapy (45), 

which support this idea that the quantity of CTCs, 

together with the biologic characteristics, desires to be 

wisely taken into account in thefuture analysis. In non-

metastatic breast cancer CTC biomarker analysis more 

than Her2might be useful as a replacement marker for 

therapeutic selection and monitoring since heterogeneity 

of the biomarker distribution in CTCs and the lack of 

correlation with the primary tumor biomarker status were 

found (47). By way of illustration a trial which checked 

the multidrug-resistance-related proteins (MRPs), 

aldehyde dehydrogenase 1 (ALDH1), estrogen receptor 

an (ERa) plus Her2/neu, indicated to theexistence of 

CTCs expressing MRPs and ALDH1, is prognostic for  

chemotherapy response in MBC patients (43). A 

https://en.wikipedia.org/wiki/Transmembrane
https://en.wikipedia.org/wiki/Transmembrane
https://en.wikipedia.org/w/index.php?title=Homotypic_cell%E2%80%93cell_adhesion&action=edit&redlink=1
https://en.wikipedia.org/wiki/Epithelia
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difference in PFS was obvious in two groups of 

CTCs+and CTCs-patients that were undersized in patients 

with a drug resistance CTCs profile and in patients who 

has expressed two or more MRPs on their CTCs, so the 

existence of CTCs expressing MRPs and ALDH1 stands 

prognostic for chemotherapy (22,103). 

Four markers (EPCAM, CD47, CD44 and MET) 

which are known to be involved in tumor genesis (104, 

105) and are co-regulated with the TGF-βsignaling 

pathway (106)has been checked in the earliest stage of 

breast cancer to plan intervention settings that modify the 

patient-specific survival prospect (29). Through a 

branching process model, the survival times and this four 

markers gene expression correlation can predict 

personalized OS or PFS especially drugs such as 

bisphosphonates. The analysis of circulating tumor cells 

effects on the disease progression offering a quantitative 

measurement of the cell driver mutations which are 

responsible for invading the bone tissue. This model lets 

to plan intervention scenarios that adjust the patient-

specific survival chance by altering the populations of 

circulating tumor cells, in addition, the situation could be 

extended to other cancer metastasis dynamics (107). 

Thanks to several advancements in molecular genetics 

technology like high-throughput NGS, multi-gene 

mutation analysisthat provides comprehensive genetic 

information on breast cancer molecular pathology, make 

it much easier to find a precision  and more effective 

therapeutic targets (108). Two studies, evaluating 

genomic alterations in cancer-related genes of CTCs to 

provide insights into mechanisms of tumor metastases and 

drug resistance (55,56). It has been shown that CTC 

characteristics are more closely linked to the dynamic 

modifications of the disease status and CTCs genetic 

analysis is a non-invasive approach based on the liquid 

biopsy in metastatic breast cancer patients which, in 

perspective, should allow investigating the clonal 

evolution of the tumor for the development of new 

therapeutic strategies in precision medicine (55). Some 

researchers indicated to the fact that NGS in combination 

with Fluorescence-activated cell sorting (FACS) and 

Immunohistochemistry (IHC) is an excellent way to 

outline copy number in a single cell in several cancer 

types, as well as breast cancer (46,109-111). Also, single 

cell analysis has identified theclinically significant 

genomic difference between primary tumors and CTCs 

(112-114) offer fundamental information for personalized 

treatment decisions and shed light on drug resistance and 

tumor heterogeneity mechanisms (114). 

Especiallyforindividualized testing of thedrug some 

studies have been working on in vitro and in vivoCTCs 

culture (115,116) and assessed genemutations in 

circulating tumor cell from cancer patients by next 

generation sequencing (NGS) (55,117). Mutation 

detection in PIK3CA,FGFR2, and ESR-1 through CTC-

iChip in breast cancer patients and drug sensitivity testing 

revealed that the selective estrogen receptor modulators 

(SERMs) tamoxifen and raloxifene, and the selective ER 

degrader (SERD) fulvestrant, were ineffective inESR-1 

mutant cells. Cultured CTCs were highly sensitiveto the 

PIK3CA inhibitor BYL719 and the FGFR2 

inhibitorAZD4547 (118). The enumeration of CTCs using 

Cell Search system and CAM assay which rely on the 

expression of the cell surface marker (EpCAM,CD49f, 

CD146/EpCAM enrichment) during or after treatment is 

mostly beneficial for predicting early metastatic relapse.  

In conclusion it can said that the clinical significance 

of CTCs molecular profiling and characteristics is more 

accurate than CTCs enumeration before and during 

treatment, especially for making the bestpersonalized 

treatment decision CTCs molecular markers like Her2, 

EGFR, CEA, CA15-3, CK19, Ki67, PIK3CA, TGF-β, 

and CXCL1 are really valuable to be checked. 
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