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1 | INTRODUCTION

Gastric cancer is the fourth most common malignancy in the world

and the second leading cause of cancer death.! Advances in
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Abstract

Circulating tumor cells (CTC) have been focused on as a target for detecting occult
tumors, predicting therapeutic responses and prognoses, and monitoring postoperative
recurrence in the clinical management of patients with various malignancies, including
gastric cancer. Recent advances in molecular diagnostic tools have contributed to high
sensitivity and specificity for the detection of CTC. A conspicuous disparity exists in the
incidence of CTC among studies. However, a close relationship has been reported
between positivity for CTC and well-known prognostic clinicopathological factors
including depth of tumor invasion, lymph node metastasis, stage, and lymphatic and
venous invasion in patients with gastric cancer. According to most studies published on
the clinical impact of CTC, the presence of CTC negatively affects the prognosis of
patients with gastric cancer. Moreover, the study of CTC based on a meta-analysis
demonstrated their importance as a poor prognostic indicator. In clinical management,
pre- and post-therapeutic monitoring of CTC using liquid biopsy may be useful for early
detection of subclinical patients or disease recurrence, prediction of tumor progression,
and administrative control of adjuvant chemotherapy. Although their functional proper-
ties remain unclear, molecular profiling of CTC may contribute to the development of
personalized treatment that effectively inhibits tumor progression in patients with
advanced gastric cancer. We herein review the clinical significance of CTC as a promis-

ing blood marker and therapeutic target in patients with gastric cancer.

KEYWORDS
circulating tumor cell, gastric cancer, liquid biopsy, prognosis, tumor progression

diagnostic tools and techniques have resulted in a high incidence of
patients with early gastric cancer. Endoscopic resection techniques
such as endoscopic mucosal resection (EMR) and endoscopic submu-

cosal dissection (ESD) have been extensively carried out on selected
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patients with early gastric tumors and free of lymph node metastasis.
However, there are clinical limits for accurate tumor detection
and diagnoses using preoperative examinations such as endoscopy,
endoscopic ultrasonography (EUS), computed tomography (CT), and
positron emission tomography-computed tomography.?* Carcinoem-
bryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) are
now commonly used as established serum markers in the clinical
management of patients with gastric cancer. Nevertheless, the sensi-
tivity and specificity of detecting patients with early gastric cancer
are clinically insufficient and few candidate blood markers have
clinical utility for overcoming these key problems.’

Five-year survival rates of patients with International Union
Against Cancer stages IlIA, llIB, and IV gastric cancers are 30.8-
54.0%, 16.1-36.5%, and 9.2-23.9%, respectively.” Furthermore,
advances in chemotherapy have contributed to improvements in the
prognosis of patients with advanced gastric cancer.® However, diffi-
culties are associated with predicting tumor responses to chemother-
apy and disease recurrence after surgery in patients with advanced
stage cancer. Although blood monitoring using serum CEA and
CA19-9 has been conventionally introduced for the managements of
patients with gastric cancer, serum levels of conventional blood
markers do not necessarily coincide with tumor behavior.” Therefore,
surrogate blood markers are needed clinically to monitor tumor
aggressiveness in real time. Moreover, liquid biopsy using blood
specimens has the clinical benefit of being a simple and repeatable
sampling tool.

In 1869, the presence of circulating tumor cells (CTC) in periph-

eral blood was proposed by Ashworth.'©

CTC are generally isolated
from primary tumors or metastatic sites and these cells flow in the
bloodstream of patients with malignancies.'* To date, CTC have
been focused on as a target for detecting occult tumors, predicting
therapeutic responses and prognoses, and monitoring postoperative
recurrence in the clinical management of patients with various malig-
nancies, including gastric cancer.?>*® Non-invasive liquid biopsy has
enabled CTC to be characterized and their numbers assessed. There-
fore, the assessment of CTC using liquid biopsy may support new
perspectives for the diagnosis and treatment of patients with gastric
cancer.

The present review will focus on the clinical significance of CTC
as an important therapeutic target in gastric cancer, including recent

topics.

2 | DETECTION OF CTC

Many investigators have reported several approaches for the detec-
tion of CTC in patients with gastric cancer. Representative detection
methods have been classified into two categories: polymerase chain
reaction (PCR)-based methods and cytometric-based methods.
Reverse transcription-polymerase chain reaction (RT-PCR) is one
of the PCR-based methods. A RT-PCR assay permits the molecular
detection of CTC by assessing the mRNA expression of tumor-asso-
ciated markers. Moreover, quantitative RT-PCR (qRT-PCR) is a
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promising tool for quantifying mRNA copy numbers. The greatest
advantage of the RT-PCR assay is its high sensitivity for the molecu-
lar detection of CTC. We previously investigated its sensitivity using
an in vitro model system with serially diluted gastric tumor cells
mixed with peripheral blood cells from healthy donors.** The find-
ings of this cell spiking study showed that the RT-PCR assay
detected 10 tumor cells/10” donor-derived peripheral blood cells.
Additionally, a recent RT-PCR system has the ability to assess multi-
ple gene expressions for the detection of CTC in one run. However,
several investigators identified some limitations in the clinical appli-
cation of RT-PCR assays to the detection of CTC.1>1¢ False-positive
results associated with RT-PCR may be yielded as a result of the ille-
gitimate expression of targeted genes by normal cells and epidermal
contamination in blood collecting or processing.X®> Furthermore,
false-negative results may be obtained as a result of the heteroge-
neous expression of the targeted markers.?® Further studies are
needed in order to resolve the problems associated with the detec-
tion of CTC using RT-PCR-based methods.

Table 1 summarizes studies reported since 2001 on CTC
assessed using PCR-based methods in blood specimens from
patients with gastric cancer.24* In RT-PCR assays, cytokeratin (CK)
and CEA are commonly selected as gene target markers for CTC.
Both genes are epithelial-specific antigens that are expressed in the
normal cells of gastrointestinal tissues or most tumor cells, including
gastric cancer.3>3¢ Recent studies reported the clinical utility of new
molecular markers for RT-PCR assays to detect CTC in the periph-
eral blood of patients with gastric cancer.’” Survivin has been
attracting attention as a promising blood marker for CTC in gastric
cancer.2>2%32 Syrvivin is a member of the inhibitor of apoptosis
gene family and plays an important role in tumor progression.%® It
has been shown to control tumor apoptosis, promote proliferation,
and enhance angiogenesis by a vascular endothelial growth factor
signaling pathway.3?*° Furthermore, survivin is overexpressed in the
tumor cells of various malignant neoplasms, including gastric can-
cer*! Liu et al., in a meta-analysis of 1365 patients with gastric can-
cer from 16 eligible studies, demonstrated a close relationship
between strong survivin expression in primary tumor sites and a
poor prognosis.*? Consequently, survivin has potential as an indica-
tor for monitoring CTC in patients with gastric cancer. In contrast,
we recently reported the clinical availability of B7-H3 and B7-H4 as
blood biomarkers of CTC in patients with gastric cancer.2®3! These
molecules are members of the B7 family and regulate T-cell-
mediated immune responses.*>** The signaling pathway between B7
family members and their CD28 receptors on activated T cells has a
marked impact on the immune surveillance system.**** Although
B7-H3 is considered to have two opposing characteristics as a co-
inhibitory or co-stimulatory mediator in T-cell-mediated immunity,
B7-H4 is known to function as a negative modulator of immune
responses.*®> Immunohistochemical studies showed that B7-H3 and
B7-H4 were abundantly expressed in the primary tumor cells of
patients with gastric cancer.**#¢ Accordingly, these immune check-
point molecules have potential as CTC-targeted markers to predict
tumor responses to chemotherapy and prognoses in the clinical
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management of patients with gastric cancer. In the near future, the
advent of new blood markers is anticipated for the development of
an RT-PCR-based approach to monitor CTC using liquid biopsy.

Table 2 summarizes studies reported since 2007 on CTC
assessed by cytometric-based methods using blood specimens from
patients with gastric cancer.*”>> The CellSearch system (Janssen
Diagnostics, Raritan, NJ, USA) is one of the representative CTC
detection assays using a cytometric-based method. This system has
been approved by the American Food and Drug Administration
(FDA) as a diagnostic tool for detecting CTC in patients with meta-
static breast, colorectal, and prostate cancer.”® In the CellSearch sys-
tem, CTC are captured based on enrichment using antibody-coated
magnetic beads with epithelial-cell adhesion molecules and discrimi-
nation using fluorescently labeled antibodies against CK and CD45.
We investigated the presence or absence of CTC in peripheral blood
cells from patients with gastric cancer using the CellSearch system.>!
The findings obtained showed that CTC were morphologically
detected using the CellSearch system, particularly in patients with
unresectable advanced or recurrent gastric cancers. Recently, a new
size-based separation system has been developed for enrichment
and cultivation of CTC.> The greatest appeal of this system is that
it can easily separate viable CTC from peripheral blood. Moreover,
we can assess functional properties by culture of enriched viable
CTC. Accordingly, the size-based filtration system may be focused as
a novel tool for isolating viable CTC.

3 | INCIDENCE OF CTC

The incidence of CTC ranges between 11.6% and 98.6% in studies
based on PCR-based methods (Table 1).263% The gap observed in
the incidence of CTC among each study may be as a result of differ-
ences in the clinicopathological backgrounds of enrolled patients, tar-
get markers, blood volumes assessed by PCR, and the cut-off values
for mRNA levels. However, the incidence of CTC ranged between
36.6% and 52.2% in five RT-PCR studies targeting CEA, which is
one of the conventional PCR markers for the detection of CTC.2”~
19.21.29 According to studies assessed in this review article, positive
rates of serum CEA ranged between 24.3% and 26.3%.222%! These
results suggest that sensitivity of CEA mRNA levels is higher than
those of serum CEA levels. Furthermore, in a large-scale study on

846 patients with stages I-IV gastric cancer, Kita et al.?’

reported
that positivity for CTC using a qRT-PCR assay with the urokinase-
type plasminogen activator receptor was 47.8% (404/846). In con-
trast, specificity ranged between 76.3% and 100% in these stud-
jes 16-19.21-232527-29.31.3234 These findings indicate that PCR-based
methods have clinical availability for discriminating between healthy
donors and patients with gastric cancer.

In a study on 57 patients with stages |-IV gastric cancer, Miya-
zono et al. reported that the positive rates for CEA mRNA expres-
sion before and after gastrectomy were 8.8% (5/57) and 33.3%
(19/57), respectively.r” Moreover, they demonstrated a close rela-
tionship between the presence or absence of CEA mRNA

expression and disease recurrence, such as liver metastases.’” The
findings of this study suggest that surgical maneuvers enhance the
metastatic process from the detachment of primary tumor cells into
the systemic circulation in patients with gastric cancer. Therefore,
sequential evaluations based on pre- and postoperative PCR-based
assays are anticipated to monitor disease recurrence in patients
with gastric cancer.

According to studies based on cytometric-based methods, the
incidence of CTC ranges between 10.8% and 79.5% (Table 2).47>%
The CellSearch system was previously used to detect CTC in four
(44.4%) out of nine studies using cytometric-based assays. The find-
ings of these CellSearch studies demonstrated that the incidence of
CTC ranged between 10.8% and 18.4% and between 32.7% and
60.2% in patients with stages |-IV and stage 1V, respec-
tively. 48495153 These findings indicate that incidence of CTC is
higher in patients with than in those without distant metastasis.

The incidences of CTC as determined by PCR assay and cyto-
metric-based methods in patients with stage | were 12.5-58.3% and
27.5-69.2%, 1617,2022.24,2529.47.505155  Thase

suggest that patients with early tumors tend to display a low inci-

respectively. results
dence of CTC compared with those with advanced tumors. Conse-
quently, the clinical significance of CTC in early gastric cancer
remains controversial at present. However, according to a systematic
review, positive rates of serum CEA and CA 19-9 in patients with
stage | were 13.7% and 9.0%, respectively.> These findings indicate
that PCR-based or cytometric-based tools for CTC have a high sensi-
tivity for detecting early tumors in comparison with conventional
serum CEA or CA 19-9 markers. These abilities will assist clinical

management in patients with early gastric cancer.

4 | RELATIONSHIP BETWEEN
CLINICOPATHOLOGICAL FACTORS AND
CTC

To date, many investigators have reported a close relationship
between positivity for CTC and well-known prognostic factors, such
as tumor size, depth of tumor invasion, lymph node metastasis,
stage, lymphatic and venous invasion.'* 344755 |n a study on 94
patients with gastric cancer, we reported that the presence or
absence of CTC evaluated by a qRT-PCR assay for the expression of
B7-H4 correlated with the depth of tumor invasion, lymph node
metastasis, stage, lymphatic invasion, and venous invasion
(P =0.006, P=0.001, P <0.001, P<0.001, and P = 0.01, respec-
tively).2® In a study on 148 gastric cancer patients receiving surgical
treatment, Uenosono et al.>! reported that CTC assessed by the
CellSearch system correlated with the depth of tumor invasion,
lymph node metastasis, distant metastasis, stage, lymphatic invasion,
and venous invasion (P = 0.009, P < 0.0001, P = 0.012, P = 0.0002,
P = 0.0003, and P = 0.006, respectively). These findings suggest that
blood assessments for the detection of CTC have the clinical power
to predict tumor progression and malignant aggressiveness in

patients with gastric cancer.



‘paquasapun ‘-

‘190uUe)) JsuleSy UoluN [eUOIIBUIDIU| ‘DD ‘[BAIAINS [[BISAO ‘SO ‘UPNW “DNIA SUIUOW ‘OW ‘UlIeId) ‘| ¥ ‘UonezipugAy niis ur ‘Hs| ‘Asiwaydolidounwiul ‘)2 ‘103dadal J0joe) Ymmols ewsapids uewny “Y3H
‘uig3oad juadsalon)y usaIs ‘49 ‘SUIPOS [|9D PaJEAIIIEB-3DUSISDION] ‘SO D|Nd3jow Uoisaype ||92 [ellpyida ‘|NyDdT3 tojdadas Jojoe) Yimods jewsapida Y497 ‘S|j90 Jowny Suiieinau ‘D1 ‘Uijesayo3hd YD
‘uedef ‘0AY0] “du| ewleydolg SAj0doUQ ‘UedSaWOR] ‘dljgnday Yooz ‘eAesISO “O°I'S [[9DEIDIN (IPDEIRIA WSN TN ‘UelLEY ‘Sol3souselq uassuer ‘Yyaleag||a) ‘eulyd ‘noyzsuens) ‘wex3ing ‘joljedued

—WILEY

Ef ¥493 ‘2-¥3IH
- ‘T-ONN ‘W43
g @ ‘L-D ‘0C-MD ssP R
|w= - - - (%69) €T - - - 8 ‘6T-XD ‘8T-MD on]| II°2EIN Al - [44 BAO}SOIOY  9T0C
m - - - (%T'SY) vT - - - 4 Yvad 20l SOvd A (8£-G€) 29 1€ 5P 32 Uen\  GT0C
m 6T-MD ‘81D eslp 12
= S9N 9100 - (%¥°8T) ST - - 1< SL ‘8-3D ‘INVOd3 on]| yatessjed Al 099 9€T 98O  ST0C
-4
g INVDA3 “6T- LY
NA\U - - - (%5°64) € 00T ot 1< S ‘8T-L1¥M ‘8-L¥M  HSI-VNY |lonjedues Al (£8-52) 95 144 zs P P17 ST0C
* (SO
A uelpaw)
2 sAep
{ .ﬁ. 28§ sA 61-XD ‘8T-MD 1510 12
¥¥00°0 shep 81z (%2°09) 29 00T ST 1< WA ‘83D ‘INvDd3 20l Ya.essj|a3 A\ - €01 ouosousn  €10¢
6T-D ‘81-MD 110
SSA  T000°0> - (%8°01) 9T 00T ST 1< S'L ‘83D ‘NvDd3 20l Yyasessjey Al - 1514 ouosousn  €10¢
(d49)
— 12000 - - - - G< SL INVOd3 DDl uedsswopl ARl (947€€) 8'8S 59 osP 12 0} CT0C
(so
uelpaw)
ow /1T 61-XD ‘8T-MD sy 1P R
S9A  1000> sAow G'g (%L7TE) LT - - < SL ‘8-3D ‘NVDd3 on]| yaJessjied Al (8£-¥2) 29 4 exesnsielN  0T0¢
6T-XD 8T-MD gy 1P ¥
S9N 6€00 - (%9'6S) ST 00T 134 < S'L ‘8-)D ‘INVDd3 on]| yaJessjjed Al - LT emiellH  800¢
w0 ¥
61D B>S|0JOMON
ON S00< - (%¥'vS) 1€ - - €< paquasspun ‘8T-XD ‘8- 20l Sovd AR 0'ss LS -Yyaniid - £Z00¢
2oueoyiusis  anjeAa-d (9AneSau (%) 21D yum (%) siouop anjeA (W) ey uonpdle@ judwyduuj a8ers (98uey) sjusned Apnls  aeap
ansousoid /Mo sjuaned ‘oN  Aydydads  Ayjjesy JJo-nd $)S9)} 404 201N sieah ‘ON
SA aAIIsod ‘ON ay} se awnjoA ‘o8e ues|y
/Y8IH) J1D '°N pooig
|eAIAINS slouop poyls|n
Jeah-g AyyeaH sa sjusned
m J22ued duIsed yjm sjuaized wody paulelqo suswidads poojq ul S||92 Jowny 3ulje|ndaid uo SaIipnis paseq-dL1awolA) g 3719dV.L
s
<
9
[a4
<




ARIGAMI ET AL.

&I_WI LEY_ *b;AGS Annals of Ga.i:mcntcmlﬂgica: Su;gcmry
5 | PROGNOSTIC IMPACT OF CTC

A large number of studies have investigated the clinical significance
of CTC in patients with various malignancies, such as esophageal
cancer, colorectal cancer, and pancreatic cancer.>”>? Similarly,
many investigators have assessed the prognostic impact of CTC in
patients with gastric cancer, and most studies have suggested
a close relationship between the presence of CTC and a poor
prognosis.16—34,47—55

In a gqRT-PCR study of 123 gastric cancer patients with stages |-
IV, Qiu et al.?’ reported that 3-year disease-free survival (DFS) rates
in patients who were positive or negative for CEA mRNA were
43.9% and 74.1%, respectively (P = 0.001). A multivariate analysis
identified CEA mRNA positivity as an independent prognostic factor
(P = 0.02).? Moreover, the sensitivity and specificity of CEA mRNA
expression for predicting disease recurrence were 56.8% and 74.7%,
respectively.?? However, the sensitivity and specificity of the serum
CEA status were 31.8% and 79.7%, respectively.?’ They concluded
that the presence or absence of CTC by qRT-PCR detection for CEA
mRNA was a promising predictor for disease recurrence in patients
with gastric cancer.?’ In contrast, in a qRT-PCR study on 59 gastric
cancer patients with stages -1V, Ikeguchi and Kaibara reported that
there were no significant differences in overall survival (OS) rates
among patients with or without CEA mRNA expression
(P = 0.744).27 In that study, CTC were assessed using a qRT-PCR
assay on blood specimens after gastrectomy.'? The findings obtained
indicated that CTC were destroyed shortly after gastrectomy.'? They
hypothesized host-related immunological defense mechanisms as
one of the reasons for these findings.*’

Cao et al.®? focused on survivin as a novel blood marker of CTC
in a qRT-PCR study on 98 gastric cancer patients with stages I-IV.>2
They reported that 3-year DFS rates in patients who were positive
or negative for survivin mRNA were 53.1% and 84.3%, respectively
(P < 0.001). Furthermore, a multivariate analysis identified the status
of survivin mRNA as an independent prognostic factor (P < 0.001).32
In a study on 55 gastric cancer patients with stages -1V, Yie et al.
showed that the specificity, sensitivity, and accuracy of survivin-
expressing CTC for predicting disease recurrence were 100%, 100%,
and 84.6%, respectively.?®> Bertazza et al.>® compared survivin with
other blood markers, such as CEA, CK-19, and vascular endothelial
growth factor (VEGF), in order to select the most suitable mRNA
marker for predicting clinical outcomes in a qRT-PCR study on 70
gastric cancer patients with stages |-1V. Univariate and multivariate
analyses identified only the status of survivin mRNA expression as
an independent prognostic factor.2® These studies suggest that gRT-
PCR assays for survivin expression support the planning of strategic
treatment, particularly in patients with advanced gastric cancer who
occasionally develop disease recurrence.

In recent years, immunotherapy has begun to attract attention as
a drug treatment for patients with several malignant neoplasms.®°
According to the findings of a phase 1b trial on immunotherapy for
patients with advanced gastric cancer, the anti-programmed cell death

protein 1 (PD-1) antibody pembrolizumab was found to be safe and

exerted antitumor effects.®? Although PD-1 is one of the representa-
tive molecules for immune checkpoints, we focused on other immune
checkpoint molecules, such as B7-H3 and B7-H4.2831 We investi-
gated the prognostic impact of B7-H3 and B7-H4 in the peripheral
blood of patients with stages |-V gastric cancer.2®3! In a gRT-PCR-
based study on 95 patients with gastric cancer, 5-year OS rates in
patients who strongly or weakly expressed B7-H3 were 57.1% and
76.4%, respectively (P = 0.02).3' Additionally, multivariate analyses
selected the status of B7-H3 expression as an independent prognostic
factor (P = 0.046).3! In a B7-H4 study on 94 patients with gastric can-
cer, 5-year OS rates in patients who were positive or negative for
mRNA expression were 60.4% and 87.2%, respectively (P = 0.04).28
Our findings propose that the evaluation of B7-H3 and B7-H4 mRNA
expression in blood specimens is useful as a CTC-associated tool for
predicting the prognosis of patients with gastric cancer.

In a CellSearch study on 136 gastric cancer patients with stages
I-IV, Okabe et al.>® reported that progression-free survival was sig-
nificantly shorter in patients with than in those without CTC
(P =0.016). All other studies based on the CellSearch system
demonstrated that CTC had an influence on prognosis.*®47>! These
findings suggest that the presence or absence of CTC has an effect
on the prognosis of patients with gastric cancer, even in cytometric-
based methods.

In a meta-analysis on 19 studies regarding CTC from patients
with gastric cancer, Wang et al. reported that positivity for CTC cor-
related with poor OS (HR: 2.42, 95% Cl: 1.94-3.02, P < 0.001).%2
Although further clinical studies including a molecular analysis of
CTC are needed to reach definitive conclusions on this matter, it is
highly likely that CTC negatively affect the prognosis of patients

with gastric cancer.

6 | FUTURE PERSPECTIVES FOR CTC AS A
PROMISING BLOOD MARKER AND
THERAPEUTIC TARGET

The advent of new blood markers for the detection of CTC is antici-
pated in the clinical management of patients with gastric cancer.
Potential markers for CTC may be clinically identified in the near
future and, thus, it may become possible to discriminate subclinical
patients with early tumors and accurately predict tumor progression
and prognosis in patients with gastric cancer. Additionally, the
assessment of CTC in blood may improve the selection of patients
for neoadjuvant systemic chemotherapy in pre-therapeutic manage-
ment of gastric cancer. Moreover, the postoperative monitoring of
CTC by liquid biopsy may be useful for the early detection of dis-
ease recurrence and the administrative control of adjuvant
chemotherapy. As technologies have been developed for the isola-
tion and enrichment of tumor cells, we will be able to easily isolate
viable CTC from blood specimens using promising markers.

The functional properties of CTC currently remain unclear. The
main reason for this is that ex vivo cultures of CTC represent a chal-

lenging approach in clinical experiments. However, recent advances
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in basic research have contributed to elucidating CTC-associated bio-
logical behaviors in patients with several malignancies. Yamamoto
et al.%® developed a novel method for the ex vivo culturing of CTC
using a fibroblast feeder layer and magnetic coculture protocol. They
cultured CTC isolated from the blood specimens of metastatic
mouse models and obtain three CTC-derived cell lines.®® They
demonstrated that the malignant behavior of CTC-derived cell lines
were more aggressive than that of the original cells.® Furthermore,
Alix-Panabieres et al.** reviewed functional studies on CTC using
in vitro cultures and in vivo xenograft models. They concluded that
CTC-derived cell lines and xenograft models are promising tools for
examining the molecular properties of CTC and identifying new ther-
apeutic targets.®*

Several researchers have proposed a close relation between CTC
and cancer stem cell-like properties or epithelial mesenchymal transi-
tion in various malignancies, including gastric cancer.>*>® Further
understanding of their relationship might allow the progress of a
new CTC-targeted therapy that controls hematogenous metastasis in
patients with gastric cancer. Accordingly, the molecular profiling of
CTC by liquid biopsy will contribute to the development of personal-
ized treatment that effectively inhibits tumor progression in patients
with advanced gastric cancer.
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