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Chapter 2

CTCs in Solid Tumors. Clinical
Applications of Circulating Tumor Cells
in Breast Cancer

Douglas Guedes de Castro and Felipe Ko Chen

2.1 Introduction

Breast cancer (BC) is one of the most studied types of cancer since the last century.
For this reason, numerous studies have investigated the correlation between circu-
lating tumor cells (CTCs) and BC [1].

When we consider using CTCs as a biomarker, it becomes necessary to differen-
tiate early BC (eBC) from metastatic BC (mBC). About 70% of patients with mBC
stage IV have >1CTC in 7.5 ml of blood, using CellSearch system to isolate and
quantify CTCs. However, in eBC, using this system, we rarely detect CTCs, prompt-
ing doubts about its clinical use as a biomarker.

The objective of this chapter is to evaluate the validity and clinical applicability
of CTCs in early and advanced BC [2].

2.2 Micrometastasis Biomarkers in BC

Before the use of CTC as a biomarker of micrometastasis in BC, various studies
tried to use bone marrow tumor cells (BMTCs) as a viable biomarker.

In 4 of 8 studies analyzed by Bidard et al., in 2016 [1], there was a correlation
between BMTCs and CTCs that reached up to 94%. This same study concluded that
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the dissemination of tumor cells in the patients’ blood indicated an initial phase
disease, while the detection of BMTCs indicated a more advanced disease [1].

In most mBC studies, the preferred method used to identify CTCs is the CellSearch
system. This system relies on a semi-automated enrichment and immunostaining
device that has been, to this day, the only validated method approved by the US Food
and Drug Administration (FDA) to detect CTCs and for prognostication in meta-
static colorectal, prostate, and breast carcinomas. This specificity was reliably docu-
mented in normal individuals and in patients with benign tumors [8]. CTCs were
defined by the CellSearch system as those co-expressing EpCAM and CKs without
expressing leukocyte common antigen CD45, and positive for 4”,6-diamidino-
2-phenylindole (DAPI) with a nucleus inside the cytoplasm and cell size ‘4 pm. It is
important to emphasize that CTC detection using the CellSearch system does not
rely on any true morphological criteria, but rather on the magnitude of antibody fluo-
rescent signal for CK, DAPI, and CD45. The CellSearch system is an epithelium-
associated marker-dependent method; therefore, it faces technical problems similar
to the PCR-based molecular method; its inability to identify epithelial-mesenchymal
transition (EMT)-induced CTCs can give false-negative results [3-5].

Another well-cited method of detecting CTCs is the ISET (isolation by size of
epithelial tumor cells) method. ISET methodology is a direct method for CTC and
circulating tumor microemboli (CTM) identification, in which CTCs are isolated by
filtration without use of tumor-associated markers, as a consequence of their large
size relative to circulating blood leukocytes. This method is easy to perform, rapid,
and inexpensive and makes it possible to directly isolate and count tumor cells in
patients with different types of carcinomas, by cytopathological analysis [6].

A study commanded by Farace in 2011 [7] comparing CellSearch and ISET
methods, using different metastatic carcinomas, demonstrated quite considerable
discrepancies between the number of CTCs enumerated by the CellSearch and the
ISET systems. In total, 30% of patients were negative according to CellSearch,
while only 5% were negative using ISET. Interestingly, these discrepancies
depended mostly on the patients’ tumor type. Specifically, in patients with mBC,
CTC counts were generally higher by CellSearch than by ISET. However, CTCs
identified by CellSearch may not be true CTCs, because CTCs detected by
CellSearch on the basis of the expression of an epithelial marker (EpCAM), which
does not formally establish the malignant nature of circulating cells in the blood
retained as CTC. Thus, the lower CTC counts obtained by ISET compared with
CellSearch, most likely results from cell loss during the ISET procedure. It is impor-
tant to state that this study did not compare the clinical relevance of both methods.

Although well-designed clinical trials are essential to further understand the
clinical applications of ISET, this system could indeed represent a more accurate
clinical tool for predicting patient’s outcome in certain tumor types, and provide a
significant advantage for performing molecular analyses in the era of personalized
medicine.

A review conducted by Ma in 2013 [9], confirmed these results. They concluded
that, overall, more CTCs were detected by ISET than by the CellSearch system, for
two reasons: (1) the CellSearch system may not detect cells if they have undergone
EMT (i.e., lack expression of CK and/or EpCAM), while ISET can be much more
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efficient in isolating all rare cells of interest; (2) while ISET can isolate CTMs from
metastatic cancer patients, the CellSearch cannot [10, 11]. Therefore, the detection
of blood samples that only have CTMs will be underestimated by the CellSearch
systems that use epithelial-marker-positive selection. However, the CellSearch sys-
tem may overestimate CTCs in peripheral blood samples if they are contaminated
with normal epidermal cells. In addition, the CTC detection efficiency varies in all
relevant studies, whether by ISET or by CellSearch system. One of the main advan-
tages of the CellSearch system is that it has the capacity to detect smaller CTCs than
does ISET. On the other hand, the use of ISET for detection and identification of
CTCs is more reliable than the CellSearch system and requires no expensive or
special laboratory equipment. However, ISET is not sufficiently standardized in its
current form to be routinely applicable in clinical practice (please see some pictures
of CTCs isolated from metastatic breast cancer patients in Figs. 2.1, 2.2, 2.3, 2.4,
2.5,2.6,2.7,2.8,2.9,2.10,2.11, 2.12, and 2.13).

Membrane pore of
8 micrometers

@
)
.
L
:.‘
*

« z .’...e ol . . é L ] >
J [ ]
o S e v 3 - ¢ » o 3
‘f o . a- s
o L X - . o
o o 7 i . “o e !
» 6 i % ® & © 5 - & =

Fig. 2.1 CTCs from a woman, 53 years old, whose primary tumor was HER-2 positive. She had
brain metastasis. The CTC count was 5 CTCs/mL. Her CTCs did not stain for HER-2
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Fig. 2.5 Patient with 57 years old. CTCs were collected before the beginning of radiotherapy for
brain metastatis. Her primary tumor was HER-2 positive. CTC count: 0.75 CTCs/mL. On the right,
we can observe the presence of a hyperchromic nucleus, irregular, with irregular chromatin. Also
note the abundant cytoplasm, not commonly seen in hematopoietic cells. CTC stained with HER-2
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Fig. 2.6 Patient with

56 years old. CTCs were
collected around

4-5 weeks after
radiotherapy for brain
metastatis. Her primary
tumor was HER-2 positive.
CTC count: 2.0 CTCs/
mL. CTCs did not stain for
HER-2
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Fig. 2.7 Patient with 40 years old. CTCs were collected before the beginning of radiotherapy for
brain metastatis. Her primary tumor was Luminal B. CTC count: 3.5 CTCs/mL (microscope: 20x)
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Fig. 2.8 Patient with 46 years old. CTCs were collected around 4-5 weeks after radiotherapy for
brain metastatis. Her primary tumor was Luminal B. CTC count: 3.5 CTCs/mL (microscope: 20x)
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Fig. 2.9 Photo from same
patient Fig. 2.8 showing a
cohesive group of
neoplastic cells, with
planetary aggregation,
forming neoplastic
impaction. Individually,
isolated neoplastic cells are
noted with alteration of the
nuclear/cytoplasmic ratio
and irregularity of
chromatin

(microscope 40x)

Fig.2.10 CTM from a
patient with 42 years old.
CTCs were collected
before the beginning of
radiotherapy for brain
metastatis. Her primary
tumor was Luminal

B. CTC count:

1.75 CTCs/mL

Fig. 2.11 Patient with
61 years old. CTCs were
collected around

4-5 weeks after
radiotherapy for brain
metastatis. Her primary
tumor was Luminal

B. CTC count:

8.75 CTCs/mL

D. G. de Castro and F. K. Chen




2 CTCs in Solid Tumors. Clinical Applications of Circulating Tumor Cells in Breast... 15

Fig. 2.12 Same patient of Fig. 2.11 in brown : immunocytochemistry with anti-Notch antibody
visualized with DAB. Here, we can see a CTC without any staining

Fig. 2.13 Same patient of Fig. 2.11

2.3 Metastatic BC

2.3.1 Clinical Validity of CTCs in mBC

In contrast to that observed in eBC, there is enough evidence to utilize CTCs as a
biomarker in mBC.

A study conducted by Cristofanilli in 2004 [12], utilizing the CellSearch® sys-
tem to detect CTCs, analyzed the number of CTCs in patients with mBC. Before
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initiating a new treatment, patients underwent an evaluation of metastatic sites by
means of standard imaging studies and the collection of a blood sample to be used
for the enumeration of circulating tumor cells. A different blood sample was col-
lected at the first follow-up visit, approximately 3 to 4 weeks after the initiation of
the new therapy. Disease status follow-ups were made every 9 to 12 weeks, utilizing
the same techniques used at baseline. This disease status was assessed without
knowledge of the levels of CTCs. An alternate control group made up of 72 pre-
menopausal healthy women and 73 postmenopausal healthy women without known
illnesses and no oncologic history, 99 women with benign breast diseases, and 101
women with other nonmalignant diseases. The respective testing laboratories were
aware that the samples were from a control group, but were unaware to the differ-
ence between no known illness and benign conditions.

A worse prognostic relation was established in patients with a high number of
CTCs in both instances, when compared to those with a low number of CTCs pre-
CT and after one cycle. Interestingly, patients with a high CTC count pre-CT, but
with a low count after one cycle, had a similar prognostic value to those with a low
pre-CT count. These results were corroborated by Hayes in 2006 [13].

Finally, an analysis of 1944 individuals indisputably established the superiority
of using CTC count in comparison to traditional tumor markers, such as CEA and
CALlS5, as a treatment response biomarker in patients with mBC [14].

2.4 Clinical Applicability of CTC in mBC

In a retrospective study conducted by Cristofanilli in 2018 [15], 2436 patients with
mBC from 18 cohort studies were analyzed. These patients were arranged in accor-
dance to their tumor’s biomolecular type, location, and previous treatments. A cut-
off point of 5 CTCs per 7.5 ml of blood was established. Thus, a > 5SCTC/7.5 mL
count was determined as I'V aggressive (IVa) and <5CTC/7.5 mL count as IV indo-
lent (IVi).

Patients IVi had a higher median overall survival, when compared to those stage
IVa (36.3 months vs. 16.0 months, p < 0,0001). Furthermore, patients IVi had a
higher overall survival in all tumor subtypes when compared to I'Va: positive hor-
mone receptor (44 months vs. 17.3 months, P <0.0001), HER2-positive (36.7 months
vs. 20.4 months, P < 0.0001), and triple-negative (23.8 months vs. 9.0 months,
P < 0.0001). Similar results were obtained independent of previous treatment or
tumor location [15].
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2.5 Early BC

2.5.1 CTCs as a Micrometastasis Marker in Patients with eBC
Treated with Neoadjuvant Therapy

Measuring CTCs in patients, submitted to neoadjuvant chemotherapy (CT), intents
on evaluating if the micrometastasis process has started and possibly evaluating its
response to QT.

The IMENEO meta-analysis observed a significant association between T stag-
ing and CTCs (P < .001), using CellSearch system. Excluding tumors T4d from
analysis, they observed that a positive CTC result was detached from clinical or
pathological characteristics of the initial tumor. The positivity was 21.4% and
24.2% in patients with negative and positive lymph nodes, respectively. This study
also showed that there was a statistically significant drop of CTC count at the end of
neoadjuvant QT (p < 0.001). Furthermore, the CTC count pre-QT presented itself as
a strong independent indicator of distant metastasis (hazard ratio [HR]: 3.73, 95%
confidence interval [CI] = 2.82-4.90), overall survival (HR: 3.93, 95%
CI =2.81-5.45) and local relapse (HR: 3.02, 95% CI = 1.88-4.75) [16]. Curiously,
the survival impact was directly related to the number of CTCs detected, suggesting
the use of CTCs as a quantitative biomarker in BC (see some examples in Table 2.1).

2.5.2 CTC as a Micrometastasis Marker in Patients with eBC
Treated with Adjuvant Therapy

In the context of adjuvant therapy in eBC, a multicentric randomized German study,
SUCCESS-A, which tested CTCs in patients eligible to receive adjuvant CT, cor-
related the positivity of CTC to the lymph node status. This study confirmed that
CTCs are an independent factor for disease-free survival (HR: 2.11,
95%CI = 1.49-2.99) and overall survival (HR:2.18, 95%CI = 1.32-3.59). Finally, a
high CTC count was associated with worse prognosis, validating the use of CTCs as
a quantitative biomarker [17]. The recently published 2-year follow-up of this study
showed that those patients that had a positive CTC count after 2 years of treatment
had a risk 3.9 times higher of death and 2.3 times higher of relapse in the multivari-
ate models, when compared to those that had a negative result; all these results were
true in those patients with HER2-negative BC [18].

In 2018, Sparano et al. [19] conducted a study that analyzed the recurrence of
CTC detection after 4.5-7.5 years of follow-up in patients with HER2-negative BC



D. G. de Castro and F. K. Chen

18

(92T ¥H) [eatains

[Te10A0 pue (10000 > @) [eATAINS 901j-uolssarSod
POURLIOYS ()1 PIJLIOSSE SLM ‘QUI[SEq

J2 JUN0d DI, 10J pajsnipe ‘Juounearn jo 1e)s

I9)JE SIUN0D DD PIsLIdU] "dul[eseq Je Tul G-/ OT1
1od ¢ uey) ss[ JO JUNOd DI B YIM sjuaned ‘swIsAsorg
yim paredwod (10000 > d) [BAIAINS [[EIOAO pue uooI[IS
(1000-0 > d) [eAIAINS do1j-uOIssaIS01d pasearoap TULIBUQIA)
[BAIAINS 931] | YIIM PIBIDOSSE SBM [OIYM ‘QUI[eseq e JoySIy 1o poylow
-uorssar5ord :§d | Tw G-, 12d ¢ jo wunod DI € pey ssuaned %6:91 | IOT | TRI0PIEPIE | YH PUR TAHH | wiUdTRISTRD Pr61 Al searg
JUSISJIp
Apueoytugis A[eonsne)s arom Aderoy) Jo uornenrur
Q) 1)Je SY9M ] 01 6 03 dn pue duIjaseq
Je sown) SO pue Sd UBIPIA A[oAndadsar
SYIUOW £°9 PUB 9°9 °€"9 “€°9 ‘6'0[ 1MOYS
Apuesyrusis sem §O ueIpaW DI ¢ YA
swened 104 ‘syuow ¢'I< [[€ Sem DD > Yiim OT1
sjuanyed 103 SO URIPA “A[0A1}0adSaI ‘syjuout 9'¢ ‘swoysAsorg
puE ‘0'¢ ‘p'1 €T °L'T HoMOYs ApurdyIusIs uooIIs
sem S uerpaut ‘)LD < yim sjuaned 10, uneIyojko TULIBUQIA)
‘AfeAnoadsal ‘syjuowt ()'9 pue ‘0’2 ‘9°G “1°9 ‘0°L Surssardxo poyjowr
dn-mof[oj :Nd | 219M DI 6> Yim siuaned 10§ sown S UBTPAN | 9007 | Te 19 sakey pue cyad | wuldIBISID LLT Al searq
[BATAINS [[BIDAO
pue oa13-uorssaidoid jo siojorpaid jueoyrudis
JSOW ) UM JISIA ) ISIY ) JB PUB AUI[Iseq
18 SO JO S[AJ[ YL *(100°0 > ) parstsiad
sdnoid oy usamiaq QouaIgIp siy) ‘Aderoy) jo OT1
uonenIul Ay} J9YJe NSIA (1 ISIY Y IV (100°0 > d) ‘swaisksorg
[BAIAINS [[BIOAO I21I0YS pue (100°() > J) [BAIAINS uodI[IS
9013-uoIssa1301d ueIpaW 10JI0YS € pey ‘W G/ uneIy0IAd TULIBUSIA)
s[[ed Jown) | 1ad s[[ed Jown) Sunenoro ¢> yim dnoid o) yim ™R Surssardxo poyiow
Sunenoxo :n 1) | paredwod ‘poo[q ajoym jo [wr ¢/ 10d ¢ </=$DID | $00T |  HITURJOISL) pue ¢yad | wil2IeISID LLT Al Jsearq
SUOTIRIAQIQQY S)[NSAI UTRJA! b)Y sioyIny SIIBIN POYIRIA | siuaned 8w lowng,
‘ON
JOOUED ISBAIQ UI SO YIM SAIpMS  [°Z dqel



19

2 CTCs in Solid Tumors. Clinical Applications of Circulating Tumor Cells in Breast...

(penunuod)

(10000 > &) 2Anesau ad pue “(1000°0 > d)
aanisod-z¥HH (1000°0 > d) 2anisod-103dadax

QUOWLIOY :1I0Y0J JAIssaIZTe Y 0 paredwod OT11
sodKiqns oseasIp [[e ssoxoe SO JoSuof Apueoyrusis I9dH ‘swoysAsorg
peY 9SBISIP AT 2381S YIM sjuaned ‘IOA0dION pue ‘Joydooar uooI[IS (oA1ssa133e
(1000°0 > d) syuaned DA oaou op 10 quordsagord TULIBUSIA) pue
AAISSAIZTe = BAT Apxeqruts pue (1000°0 > d) AT 2381S yiim 2soy) e RUTEREN poyiouwr judfopur)
/73ud[oput = IAT uey) SO UeIpow 123uof pey sjuaned IAT 25e1S 810C |  MIUeBJOISLD UdS0NSH | w1 YITRISTP) 9¢eve Al searqg
‘(eAneSou DD
sem Juaned SIy)) 90UILINOAI ASEASIP PAOUALIdAXD
yuaned 1 A[uo y3noyye ‘aseasip aanesou-101dooar
Quourioy i syudned 9,14 103 9anisod os[e sem OT11 aAne3ou
Jnsa1 Aesse DI AU, "2OUILINOAI [BIIUI]D 210Joq ‘sw)sAsorg —C¥AH
SIBOA §'7 JO UBIpOW € Je J[nsaI Aesse D1, danisod uooI[IS aAne3ou
® pey 20uaLmoal Yim syuaned 940¢ (1°¢1 TULIBUDIA) -9pou st
‘orjel pIezey) 90UQLINdAI JO YSLI 1oyS1y p[oJ-1'¢| poyiow -ystg
B (IIM PAJRIOOSSe sem J[nsat Aesse D ) oanisod v | 8107 | ‘Te 19 ouereds MH|  waUoIeas|ed Y661 10 [N jsearg
(09°¢ =¥H
“SO 1§+ = ¥H :SAQ) Poo[q Tur o¢ 1od LD
QAL 1583 18 )M sjuaned ur Js1om sem sisousord
YL (200" = d) SO Pue (1000 > d) SAA
10J SISA[eu. 9[qeLIBANNW U SIoyIew dnsousord
Juopuadapul se pauwLIguod a1am s 1) (2000 = d
£SO) [BAIAINS [[RIDAO PUB (800" = d) [BAIAINS
oy10ads-1aoued I1sealq ‘(100" > o) SAC uLISIp
“1000" > d SAA) [BAIAINS 221J-0seasip 100d [im
PALIOSSE sem ST, JO douasaid ay ], -danisod
DD 21am syuaned Jo 951 7z ‘Aderaypowayd 1oyyy OT1
‘snje)s 10)dodar suowroy Jo ‘Surpeid ‘ozrs Jown) ‘swoysAsorg
[)IM punoj sem uoneosse oN (100" > o) SOLD uooI[IS
Surmoys syuaned aanisod-apou Jo 9,177 pue TULIBUDIA])
QAIESOU-IPOU JO 959°6] Ym ‘sjuaned Jo 946 7 poylowt
[BAIAINS [[BISAO iSO ur pajolap a1am s) 1) ‘Aderdyowayd a10jog | H10T ‘Te 39 oy MH|  wiUoIeas|ed 970¢ Apreg jsearg




D. G. de Castro and F. K. Chen

10ydaoar
suouLioy “yH

(100" >d ‘SS’€010S'T =1D %S6 “1€'C =dH)
SAd pue (100" > d ‘TS'L 9 +0°C = [1D]

[2AIUI 9OUIPYU0D 9C6 “16°¢ = [YH] oner
prezey) SO Joj ooueas[a1 onsoudoid juopuadopur
pue jueoyrusis A[feonsne)s pey Aderayjowaydo
I10)Je s1eaA 7 snels DD Jey) Po[eaAdl

qurfaseq Je snels D) PAPN[OUI Jey) SUOISSAITT
X0)) ‘syjuowt /¢ sem jutodown siy) 193ye dn-mof[oy
ueIpaw oy, -oAnisod-) 1) 21om sjuaned

(%7'81) 861 ‘Adeioyowrayd Io)je sIedk omy,

610¢

‘Te 3o ddeiag,

Q711
‘swaysAsorg

uooiig
IULIBUIIA])
poyow
wiYoIeasS[[eD

L801

ySu
Y3y ‘o3e)s
Arreg JseaIrg

(LDN)
Aderoyjowrayd
JueAn(peodN

(800" = J) TeAIayur 9a1j-9sderor

[BUOIS21000] PUE ‘(100" > J) [BAIAINS JIJ-OSBISIP
JueIsIp ‘(100" > d) SO 10§ sepowt onsousord
J[qeLreAnnu jo Aifiqe snsousord ayy pasearour
DN 210J0q uonddjep HID Surppe ‘d[qe[reae
'Iep [[nJ PIm syuaned 198 uf A[eanoadsax

“(60°6 01 €7 =1D %S6) ST'9 PUE “(99'9
0180'C=1D %S6) €8°€ ‘(#S¥ 01 TH'T = 1D %S6)
€9'C (69'T 01 §9°0 = [1D] TeAzeIuT 9oUPYUOD
%56) 60°1 JO yreap jo soner prezey poe[dsip

IDN 2I10J2q SDID 910Ul 10 dAY pue ‘INOJ 0}

Q1Y) ‘oM ‘QuO M Ssjudned osuodsar 93o[dwod
Tear3ojoyed uo jou 1nq ‘(100" > ) [eAIIUT
Qa13-asdefa1 [euor3a1000] pue ‘(100" > J) [BAIAINS
92I-9SBASIP JURISIP (100" > ) SO uo 1oedur
[BIUSWRIOAP PUB [BIUSWLIIP B PRy P)I2)p
SDLD Jo qunu Y, (100" > ) 9ZIS Jown) Yim
PaJeIo0SSE sem sIy) S DN 210J2q sjuaned Jo 9,7°GT
ur $)I,D 9IOW IO QUO PI[BIAI UOTIOAP DD

810C

‘Te 19 preptq

aAnedou-ordin
+79dH
‘[-z9dHl]

/+ 101dadar
QUOWLIOH

OT1
‘swoysAsorg
uooIIs
IULIBUIIA])
poylouwr
WLYdIBIS[OD

YLLT

T T Jsearq

SUOTBIAQIQQY

S)[NSAI UTEIA]

Ie9)

s1o0yny

SIONIRIA

POYRI

sjuaned
ON

J3e1g Jowng,

20

(panunuod) 1z AqeL



21

2 CTCs in Solid Tumors. Clinical Applications of Circulating Tumor Cells in Breast...

(penunuod)

JuswIeAn)
juean(peoau ;N

(s€00=d"91'1E~p1']

1D%S6 “S6'S YH) smeis 7YHH pue ‘2df)
[eo130103s1y ‘opeI3 ‘oFe)s [epou ‘@3e)s Jown) ‘oJe
10J paisn[pe SUOISSAITAI X0O A[qELIBAN[NW UI pUL
(110°0=d *€0'81—L¥'T [ID] [eAIAIUT 20UAPYUOD
%56 ‘v1'S [YH] onel prezey) ajqerrearun

ur .Y 10j 103oe} onsousoid Jueoyrusis € sem
smeys DI ‘syuaned aanisod-1o)deser suouroy
uy ‘syuanjed aanedou-10)desar suowioy ¢¢

ur g pue sjuaned aanisod-1oidesar suowroy g6
UL [ ] ‘POAISSQO QI9M SQOUILINDAI [ € ‘[[BIOAQ
'syuaned (9,8°2) ur aanisod sem smeis DD YL,

810T

Vv $S400NS
‘e 30 Tuuef

dH

Q711
‘swaIsAsorg
uodIIs
TULIRUSIA)
poyowr
WLYdIBIS[RD

90¢

RERTI )
1sBA1q A[IBd
NSU YSIH

jsearg

[BAIAINS 931)
-Q0UALINDAT 1S, Y

(900°0— =¥

‘960 = d) (29/1¢) syudned ayy Jo 9,06 ur
paurelqo a1om Ajanisod gH Surpredar sjnsax
JuepI0oU0)) "A[2A103dSAI ‘10dUR)ISLAId 1S PUPY
pue Aesse YoIeag[[oD) 2y SUIsSn 9,64 PUE 9 7¢
sem sD 1D 2anisod-gydH nq stowny Arewrrrd
QAneSou-ZYdH YPim siuaned 100ued Isealq

JO QeI AY], ‘91 sem Ae1 Aianisod 7YHH pue
‘JooueDIsealq s eupy Suisn aanisod D10 drom
syuaned 956¢ “siuaned asay) JO 9 [ Ul PAAISqO
a1om $D1.D 2ANIsod-gyHH pue ‘sOLD §<

pey syuaned Jo 9,06 ‘Aesse YoIeas[e) ay) Sursn

010T

I LOALAd
‘Te 10 wye,g

CIdH

YoIeag[[aD pue
Jadue)isearq

JsqLeUpY

124

Al

jsearg




D. G. de Castro and F. K. Chen

22

(Qouelg
‘S[[e0aIRY)
Lasipue Q11
syuanjed 1o0ued 3uny Jo ((Z JO N0 §) %07 ‘swoysAsorg
Auo ur pue 1oued Aeysord YPim syuaned ay) jo uodI[IS sewouroIe))
(0T JO 10 Z) 9%(9 UI ‘Io0ued JseaIq Yiim sjuaned TULIBUIIA) Sun
a1 Jo (07 JOINO 1) 9%GG Ul paureIqo UM poyiouwt pue a1eIsolq
LASI PUB Yo1eaS[[o)) UaMm1aq $I[NSI JUEPIOIUOD) 1107 | Te 10 adeIR WiUoTeaS D 09 Al qsearg
(2000=d)
oSe)s Jown) Y31y YIM PIRIDOSSE PUB SEWOUIDIBD
[2100P 0] PAIOLNSAI SeM DT, UO UOIssAIAXAIIA0
49H stown) Arewnd oantsod-gydH
im syuaned g Jo 1 urjuesaid drom [N Ioyje 10
210J9q 2AnIs0d-gYHH AP[eom 10 2ANe3ou-gYdH
Pa109s DI, JuduILn qewnznise) e sjudned
¢ pue szown) Arewnid oAne3oU-ZYHH YIm
syuoned g Surpnyour ‘syuaned aanisod-D 1D %14
Ul PIAIRSqo 1M D I,D Surssardxarono-gyaH
uo1dAAP DI Pue N 03 dsuodsar owny
U99M12q UOIIBIDOSSE OU SBM I} ‘QIOULIAYLIN]
*$oNsLIv)ORIRYD Jown) Arewid yiim 9)e[a110d OT1
J0U PIp UONOARP DD LN Jeye aanisod-D 1D ‘swshsorg
QIoM SISBI 9,¢"Q SeAIYM ‘N Jalje 9ANe3U-) 1D [, uodI[Ig
1om sased aansod-) 1D A[[entur 9(0°G| omenQJedon TULIBUQA)
(20070 = d) LN 19e 9901 Ut pue N 210J9q eR poyewt
siuaned Jo 9,971 UL TW §'£/D1D [ PAAP M | 010T Jiopyiery CddH ISLCLEN IDO] L8T I Jsealq
SUOTIBIAQIQQY S)NSAI UTBIA] Te9x sioyIny SINIR]A POYIRIA | siuoned aSeig Jowng,
‘ON

(panunuod) 1z AqeL



2 CTCs in Solid Tumors. Clinical Applications of Circulating Tumor Cells in Breast... 23

that received primary surgical treatment, followed by adjuvant CT. In the multivari-
ate models, a positive CTC was associated with a risk 13.1 times higher of recur-
rence in patients with positive hormone receptors (HR: 13.1, 95% CI = 4.7-36.3).
No patients with negative hormone receptors and positive assay had a recurrence of
CTC (0%, 95% CI = 0% to 37%).

The TREAT-CTC trial was the first attempt to try to demonstrate the clinical
applicability of CTCs in patients with eBC. This study also tried to evaluate if the
addition of a new adjuvant therapy (Trastuzumab) would help to elongate the
relapse-free interval in patients with a positive CTC count. This study, therefore,
concluded the following: (1) CTC-based screening is feasible in the adjuvant setting
of early breast cancer. (2) CTC-positive patients do have a higher risk of relapse. (3)
Trastuzumab has no effect on CTCs in HER2-negative BC [20-23].

Therefore, the use of CTCs as an evaluating tool of metastatic risk in eBC still
needs further scientific comprobation. However, it is highly probable that the num-
ber of CTCs will have a significant impact as a prognostic and metastatic biomarker
ineBC [1].

2.6 Conclusion

The use of CTCs as a prognostic factor in early and mBC has been shown to be quite
significant. Despite the detection of CTCs in eBC being a rare event, its clinical
validity as a prognosis marker has reached the highest level of scientific evidence.
However, its clinical applicability is still a subject to be studied.

Focusing on adjuvant treatments such as radiotherapy, QT, and hormonal ther-
apy, and associating these with new detecting techniques and with new biomarkers
such as circulation tumor DNA, will possibly reveal new treatments and early
micrometastasis diagnosis [24, 25].

And finally, when we are talking about patients with mBC, the quantitative and
qualitative CTC analysis must be considered an important tool with prognostic and
therapeutic implications.
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