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ABSTRACT

Background. Gastric adenocarcinoma (GAC) is the third dead-
liest malignant neoplasm worldwide, mostly because of late
disease diagnosis, low chemotherapy response rates, and an
overall lack of tumor biology understanding. Therefore, tools
for prognosis and prediction of treatment response are
needed. Quantification of circulating tumor cells (CTCs) and
circulating tumor microemboli (CTM) and their expression of
biomarkers has potential clinical relevance. Our aim was to
evaluate CTCs and CTM and their expression of HER2 and pla-
koglobin in patients with nonmetastatic GAC, correlating the
findings to clinicopathological data.
Materials and Methods. CTC enrichment was performed
with isolation by size of epithelial tumor cells, and the analysis
was performed with immunocytochemistry and microscopy.
Two collections were made: one at diagnosis (55 samples
before neoadjuvant treatment) and one after surgery and
before adjuvant therapy (33 samples).

Results. A high detection rate of CTCs (90%) was observed at
baseline. We evaluated HER2 expression in 45/55 biopsy sam-
ples and in 42/55 CTC samples, with an overlap of 36 subjects.
Besides the good agreement observed for HER2 expression
in primary tumors and paired CTCs for 36 cases (69.4%;
κ = 0.272), the analysis of HER2 in CTCs showed higher positiv-
ity (43%) compared with primary tumors (11%); 3/5 patients
with disease progression had HER2-negative primary tumors
but HER2-positive CTCs. A significant CTC count drop in follow-
up was seen for CTC-HER2-positive cases (4.45 to 1.0 CTCs per
mL) compared with CTC-HER2-negative cases (2.6 to 1.0 CTCs
per mL). The same was observed for CTC-plakoglobin-positive
cases (2.9 to 1.25 CTCs per mL).
Conclusion. CTC analysis, including their levels, plakoglobin,
and HER2 expression, appears to be a promising tool in the
understanding the biology and prognosis of GAC. The Oncol-
ogist 2019;24:1–10

Implications for Practice: The analysis of circulating tumor cell levels from the blood of patients with gastric adenocarci-
noma, before and after neoadjuvant treatment, is useful to better understand the behavior of the disease as well as the
patients more likely to respond to treatment.

INTRODUCTION

Gastric adenocarcinoma (GAC) remains a significant malig-
nancy in most Latin American countries and in Asia, where
low survival rates are primarily associated with late disease
diagnosis and a higher proportion of proximal and more
aggressive lesions [1]. According to the Global Burden of
Disease Cancer Collaboration [2], GAC is among the top
five most incident tumors, and it stands as the third deadli-
est malignant neoplasm worldwide.

There are still remarkable differences in clinical manage-
ment of patients with GAC because of variations in demo-
graphic, epidemiological, and biologic aspects of these
aggressive tumors. Questions regarding the best time for sys-
temic therapy or radiotherapy, the extent of surgery, the
selection of new drugs, and the identification of disease
relapse or progression could be better answered with bio-
markers of systemic therapy response and are still a matter
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of debate and a lack of consensus prevails. Therefore, new
approaches and technologies for the early diagnosis and the
prediction of treatment response are of utmost need [3, 4].

Blood is the preferred biomarker source for the accu-
rate monitoring of disease status and tumor evaluation
because of low invasiveness in its collection, good stability,
and its comprehensive representation of the physiological
state of an individual. Furthermore, blood can usually be
collected serially, providing consecutive snapshots of dis-
ease status. Blood is particularly useful in the context of
liquid biopsies (LBs), where it allows a series of approaches
for the detection of informative markers. In oncology, LBs
encompasses three main components: (a) the detection and
quantification of cell-free tumor-derived DNA [5–8]; (b) the
quantification and cargo determination of extracellular vesi-
cles [9–11]; and (c) the detection, quantification, morpholog-
ical analysis, and determination of biomarkers in circulating
tumor cells (CTCs) [12–16].

Studies on CTCs have been demonstrated to be highly
informative but also very heterogeneous. CTCs that undergo
epithelial-mesenchymal transition express distinct molecules,
including epithelial, mesenchymal, and stem cell markers
[17–19]. Because of the variability of these markers, some
authors postulate that methods based on physical properties
of these cells may be more reliable than expression-
dependent markers for CTC enrichment [17, 20, 21]. Marker-
independent enrichment also allows the recovery of clusters
of CTCs and other cells, denominated circulating tumor
microemboli (CTM). CTM may be more prone to survive
bloodstream shear stress compared with CTCs [22] and to
overcome cytotoxic treatment, leading to metastasis forma-
tion [23, 24]. In particular, in patients with GAC, very few
studies have evaluated the presence and clinical value of
CTCs and CTM [25–27].

The clinical value of CTC and CTM analysis can be
enhanced if the expression of markers of aggressiveness in
these cells are also vetted; examples include the human epi-
dermal growth factor receptor 2 (ERBB2/HER2), an oncogenic
transmembrane receptor that plays a relevant role in GAC and
breast cancer tumorigenesis. A recent study demonstrated dis-
crepant amplification levels of HER2 between paired CTCs and
biopsies from initially HER2-negative primary GAC tumors, with
possible impacts over treatment response and metastatic
potential [27].

Plakoglobin, also known as γ-catenin, is a cytoplasmic pro-
tein that alternatively with other catenins, bind to cadherins,
allowing an optimal adhesive function [28]. Inactivation of
catenins and disruption of the binding cadherin and catenin
result in loss of cell-to-cell adhesion [29]. A study [30] showed
that loss or down-regulation of E-cadherin and catenin in pri-
mary tumors correlates with poor survival in advanced gastric
adenocarcinoma. Another study from the same group [31]
with 41 paraffin-embedded gastrectomy samples showed that
abnormal expression of E-cadherin and catenin was more fre-
quently seen in diffuse than in intestinal type tumors
(p < .005). In a pivotal study of CTC markers in breast cancer
[24], the authors showed plakoglobin to be markedly up-
regulated in CTM compared with CTCs (219-fold). Importantly,
tumors enriched in plakoglobin appear to produce plakoglo-
bin-enriched CTM that are held together because of activity of

this protein in adherens junctions and desmosomes. As dem-
onstrated by these authors, CTM abundance and high levels of
plakoglobin expression in tumors are associated with adverse
prognosis. In this sense, plakoglobin may have important
potential as a prognostic marker in CTM. As far as we know,
no study has evaluated the role of plakoglobin in CTCs and
CTM from patients with GAC.

In the article presented here, we evaluated the presence
of CTCs and CTM, as well as their HER2 and plakoglobin pro-
tein expression, in 88 samples derived from 55 patients
diagnosed with GAC. The data were correlated with clinico-
pathological information in an attempt to evaluate if CTC or
CTM analysis could contribute to a better clinical manage-
ment of GAC.

MATERIALS AND METHODS

Patient Recruitment
Patients with GAC were recruited at the Department of
Abdominal Surgery - Surgical Oncology of the A.C. Camargo
Cancer Center, São Paulo, Brazil, from March 2016 to April
2017. Patients with nonmetastatic GAC, above 18 years old,
and chemotherapy-naïve were included. Patients who under-
went surgical procedures within 3 weeks before CTC analysis
were excluded. Clinicopathological data were obtained from
the medical records. A total of 88 blood samples were obtained
from 55 patients after they were informed about the study and
had signed an informed consent form previously approved by
the institutional review board (2134/15). All patients had blood
samples collected at diagnosis, before neoadjuvant therapy
(initial diagnosis; baseline). Clinical stage (cT, cN, and cM)
was defined mainly by abdominal computed tomography or
by magnetic resonance imaging and endoscopic ultrasound.
For 33 subjects, a second blood collection was also obtained
after surgery and before adjuvant treatment (median of
2.7 months’ interval, range 1.78–4.84 months; Fig. 1). Che-
motherapy consisted mostly of FOLFOX (folinic acid, 5-fluoro-
uracil and oxaliplatin) or XELOX (capecitabine and oxaliplatin)
in both neoadjuvant and adjuvant treatment, (73.8% and
77.4%, respectively), followed by cisplatin plus 5-fluorouracil
or cisplatin plus capecitabine (19% and 19.4%, respectively).

HER2 status information on tumor biopsies was taken
from medical records. The immunohistochemistry score for
HER2 expression in GAC was adapted from the guidelines
described by Rüschoff et al. (2010) for biopsies: 0 score, no
membranous staining or staining only in rare cells (less
than five cohesive cells); 1+ score, staining is weak or
detected in only one part of the membrane of at least five
cohesive cells; 2+ score, moderate or weak complete or
basolateral membranous staining of at least five cohesive
cells; and 3+ score, strong complete or basolateral mem-
branous staining of at least five cohesive cells [32].

The determination of histopathological response to neoad-
juvant treatment considered the percentage of viable tumor
cells relative to therapy-induced fibrosis. Here we used the
Becker tumor regression grading system, which scores samples
as follows: 1a, with no residual tumor or tumor bed; 1b, with
<10% residual tumor or tumor bed; 2, with 10%–50% residual
tumor or tumor bed; or 3, with >50% residual tumor or tumor
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bed [33]. We defined pathological downstaging as the occur-
rence of ypT0–2ypN0 tumors in patients previously staged as
cT3–4 or cN1–3 (cN+).

CTC Isolation
For each patient, 8 mL of blood were collected on ethylene-
diamine tetraacetic acid tubes and maintained under gentle
homogenization for up to 4 hours at room temperature
until filtration using isolation by size of epithelial tumor cells
(ISET; Rarecells Diagnostics, Paris, France), according to the
instructions provided by the manufacturer. Using ISET, cells
with diameters >8 μm were retained, bound to the polycar-
bonate membranes by negative pressure, and stored at
−20�C until further analysis.

Immunocytochemistry
Immunocytochemistry (ICC) assays were performed on ISET
membranes, as previously described [34]. Briefly, membranes
containing captured CTCs were cut and placed into 24-well
plates for antigenic retrieval, followed by hydration. Cells were
permeabilized, and endogenous peroxidase was blocked with
3% hydrogen peroxide in the dark. Membrane spots were sub-
mitted to dual color immunocytochemistry (diaminobenzidine
[DAB]+/Permanent Red; Agilent Technologies, Santa Clara, CA)
and incubated with antibodies diluted in Tris-buffered saline
with 10% fetal calf serum. To amplify the antibody signal, the
spots were incubated with Envision G/2 Doublestain System,
Rabbit/Mouse (Agilent Technologies) followed by incubation
with DAB+/Permanent Red (Agilent Technologies). Cells were
stained with hematoxylin and analyzed by light microscope
(BX61; Olympus, Tokyo, Japan). The following antibodies were
used: anti-HER2 (1:400 dilution; Cell Signaling Technology,
Danvers, MA) and antiplakoglobin (1:200 dilution; Cusabio,
Wuhan, China). As positive controls of antibody specificity, we
used cell lines that, according to the Human Protein Atlas
(http://www.proteinatlas.org/), were positive for HER2
(SKBR3) and plakoglobin (HCT8). For this, �100 cells were
“spiked” in 8 mL of blood of a healthy donor and filtered on
ISET to provide positive controls. The same cell lines were
used as negative control of ICC without the use of primary
antibodies to exclude cross-reactivity. We also used cell lines
that did not express the tested proteins, according to the
Human Protein Atlas (U-87 MG for both HER2 and plakoglobin).

All cell lines were acquired from American Type Culture Collec-
tion (Manassas, VA). To confirm that CTCs analyzed were not
leucocytes, we used anti-CD45 antibody (1:100 dilution; CSB-
PA010546, Cusabio). CTCs were characterized based on the fol-
lowing criteria: negative staining for CD45, hyperchromatic and
irregular nucleus with a size ≥12 μm, visible presence of cyto-
plasm, and a high nucleus-to-cytoplasm ratio (0.8). CTC counts
were determined as the number of CTCs per mL of blood, and
each ISET membrane spot was considered as 1 mL of blood
[17]. Patients were considered as positive for CTC presence if
at least one of the four ISET spots analyzed contained one CTC
(at least one CTC in 4 mL of blood or 0.25 CTC in 1 mL of
blood) [17]. Cell clusters were considered as CTM if they con-
tained more than two CTCs grouped [35]. In relation to HER2
and plakoglobin expression analysis in CTCs by immunocyto-
chemistry, we considered a CTC to be positive if it expressed
these markers, independent of the intensity, and negative if
the CTC had no expression. Patient was considered positive for
HER2 expression in CTC if had at least one positive CTC and
negative if all CTCs were negative. After ICC reactions, cells
were stained with hematoxylin and analyzed by light micros-
copy (Research System Microscope BX61; Olympus).

Statistical Analysis
The baseline patient characteristics are expressed as absolute
and relative frequencies for qualitative variables and as the
median, minimum, and maximum values for quantitative
variables. Associations between qualitative variables were
evaluated by chi-squared test or Fisher’s exact test, as
appropriate. To compare CTC levels at baseline and follow-
up, the Wilcoxon test for paired samples was applied. To
compare CTM presence and absence at baseline and follow-
up, McNemar’s test was applied. Survival curves were esti-
mated by the Kaplan-Meier estimator, and the difference
between curves was evaluated by the log-rank test. Progres-
sion-free survival was measured from baseline (first CTC col-
lection) until the first disease progression, determined by
image examinations. Patients not experiencing an event were
censored at the last hospital visit. To verify the concordance
between HER2 expression in primary tumors and CTCs, the κ
test was used. The two-sided significance level was fixed at
5% for all tests. Statistical analyses were performed using
IBM SPSS Statistics version 24.0 (IBM Corporation, Armonk,

Figure 1. Flow chart of patients enrolled in this study. 55 patients with gastric cancer were included before the beginning of neoad-
juvancy (baseline); 73.8% of them received FOLFOX or XELOX-based chemotherapy; 94.5% of all patients was submitted to surgical
procedure. The follow-up was made for 33 patients before the beginning of adjuvant chemotherapy, where FOLFOX and XELOX
were also more commonly used (77.4%). The median time between baseline and follow-up was 2.7 months (minimum 1.78 and
maximum 4.84 months).
Abbreviations: CF/XP, cisplatin and 5-fluorouracil or cisplatin and capecitabine; FOLFOX, folinic acid, 5-fluorouracil and oxaliplatin;
GC, gastric cancer; XELOX, capecitabine and oxaliplatin.
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NY) and R software version 3.4 (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Patients with Gastric Cancer
A total of 55 consecutive patients with nonmetastatic GAC
were included, the majority of whom were men (n = 33;
60%); the median age at diagnosis was 57 years (37–86 years).
Most cases were diagnosed as Lauren’s diffuse histological
subtype (n = 28; 59.6%). At the time of the inclusion, 59.3%
(n = 32) of patients had clinical T3 or T4a, according to the
8th edition of the American Joint Committee on Cancer’s
cancer staging manual. Most patients presented lymph node
metastasis (cN+; 53.7%) and underwent neoadjuvant treat-
ment (n = 42; 76.4%). After neoadjuvant treatment, only
seven cases (21.2%) showed tumor downstaging. Further
clinicopathological characteristics are listed in Table 1. The
median patient follow-up of all cases was 14.9 months (95%
confidence interval, 13.6–16.3).

Circulating Tumor Cells
CTCs were observed in 90.9% of the patients (50/55), with a
median of 2.8 CTCs per mL (0–23.3 CTCs per mL) at baseline.
Patients with CTC counts above the median had a nonsignifi-
cant trend for a lower progression-free survival (PFS; median
PFS not reached; p = .103; Fig. 2A).

We observed no significant statistical differences between
diffuse and intestinal histological Lauren’s subtypes concern-
ing median CTC values per mL of blood (Table 1). Regarding
postneoadjuvant pathological T (ypT0, ypT1, ypT2 vs. ypT3,
ypT4), N (ypN0 vs. ypN+), and M (ypM0 vs. ypM1) status, we
found no differences in the median of CTCs between the
groups evaluated.

We evaluated HER2 expression in 45/55 biopsy samples
and in 42/55 CTCs samples, with an overlap of 36 subjects.
At baseline, for biopsies we observed 5/45 (11%) positive for
HER2 expression, contrasting with 18/42 (42.9%) HER2-
positive cases for CTCs and a much reduced HER2 positiv-
ity for CTM (1/42, 2.4%); moreover, patients presenting
HER2-negative CTCs had a trend for better PFS, although
the median PFS was not reached so far (p = .092; Fig. 3A).
These results were not observed either in CTM (p = .76) or
in primary tumors (p = .41; data not shown).

We were able to evaluate HER2 expression in 36 matched
cases (biopsies and CTCs for the same subject) and found
69.4% agreement (κ = .272; p = .04): 4/36 cases (11.1%) pos-
itive for both primary tumor and CTCs, 21/36 cases (58.3%)
negative in both, 1/36 cases (2.8%) positive only in primary
tumors, and 10/36 cases (27.8%) positive only in CTCs.

For 31 HER2-negative primary tumors, we found 10 cases
(32.2%) with HER2-positive CTCs, and among the 5 HER2-
positive primary tumors, most (n = 4, 80%) also had paired
CTC expressing HER2. Interestingly, 3/5 patients who experi-
enced disease progression had HER2-negative primary tumors
but showed HER2 expression in their CTCs. All five patients
with progressive disease had HER2-negative primary tumors.

Plakoglobin expression was evaluated in 47/55 patients
and was found positive in 59.6% of CTCs (baseline). We found

no correlation between plakoglobin expression in isolated
CTCs (baseline) and PFS (p = .962; data not shown).

Follow-up blood collection was performed in 33 patients
(all were submitted to surgery; 29 underwent neoadjuvant
treatment), at a median of 41 days after surgery (20–116
days). Most patients (61.5%) had a second blood collection
at the starting day of the adjuvant treatment (38.5% of
remaining cases had the second blood collection between
1 and 18 days before beginning the adjuvant treatment).
The detection rate of CTCs (Fig. 4A and B) was also high at
this time point (93.9%), but there was a smaller median
count compared with baseline (1.0 vs. 2.8 CTCs per mL;
p = .005; Table 2). The comparison of these time points also
showed significant reduction in Lauren’s intestinal subtype
(2.7 CTCs per mL vs. 1.0 CTC per mL; p = .005), for those
who underwent neoadjuvant treatment (2.75 CTCs per mL
vs. 1.0 CTC per mL; p = .017), and revealed a similar trend
for those who had no neoadjuvant treatment (3.5 CTCs per
mL to 0.95 CTCs per mL; p = .068) and in the group submit-
ted to surgery (2.85 CTCs per mL to 1.0 CTC per mL;
p = .005). According to postneoadjuvant pathological classi-
fication, the ypT 0, 1, or 2 group (2.9 CTCs per mL to 1.0
CTC per mL; p = .011) and the yN0 group (3.0 CTCs per mL
to 1.0 CTC per mL; p = .019) presented a decreased CTC
levels. According to downstaging evaluation, neither group
(downstaging vs. no downstaging) had difference in CTC
decreasing (p = .27 and p = .06, respectively).

The expression of HER2 and plakoglobin in CTCs appeared
to be informative (Fig. 4D and E). A more significant CTC
count drop in the follow-up was seen for baseline HER2-
positive cases (4.45 CTCs per mL at baseline to 1.0 CTC per
mL at follow-up; p = .008) compared with baseline-HER2
negative cases (2.6 CTCs per mL to 1.0 CTC per mL; p = .06).
A reduced CTC count between baseline and follow-up was
also seen for plakoglobin-positive cases (2.9 CTCs per mL
to 1.25 CTCs per mL; p = .04) with a similar trend being
observed for plakoglobin-negative cases (median CTCs per
mL dropping from 3.0 to 0.75; p = .06).

At follow-up, HER2 CTC expression was evaluated in
33/33 cases, showing that no case presented either CTC or
CTM as positive. Plakoglobin expression at follow-up (n = 33)
was positive in CTC in 18 cases (54.5%), and no plakoglobin
expression was found in CTM. All detailed information from
all patients is available in supplemental online Table 1.

No differences in CTC counts were seen for positive
versus negative tumors for Helicobacter pylori (3.0 CTCs
per mL vs. 2.4 CTCs per mL, respectively; p = .13).

Circulating Tumor Microemboli
CTM were detected at baseline for 22/55 patients (41.8%;
Fig. 4C and F) and declined at follow-up (2/33; 6.1%; p = .06).
The only two positive cases for CTM detection at follow-up
showed no tumor downstaging after the neoadjuvant treat-
ment. CTM were more frequently observed in patients with
CTC counts above the median (p = .002; Table 1). Additionally,
there was no difference in PFS between CTM-positive patients
compared with CTM-negative patients (18.7 months vs. 21.6
months, respectively; p = .258; Fig. 2B).

Most patients had absence of CTM in both baseline and
follow-up analysis (n = 18; 62%). An evaluation of CTM before
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Table 1. Clinicopathological aspects, epidemiology, and pathological association of patients with gastric cancer with the
median of CTCs and with presence of CTM at baseline

Clinical characteristics n (%)
Median CTCs
per mL (min–max) p value

CTM presence,
n (%) p value

Gender

Male 33 (60) 3.0 (0–23.3) .869 16 (69.6) .271

Female 22 (40) 2.75 (0–10.5) 7 (30.4)

Age at enrollment, years

<57 28 (50.9) 2.8 (0–23.3) .895 9 (39.1) .176

≥57 27 (49.1) 2.8 (0–21.0) 14 (60.9)

Histological subtype

Diffuse 28 (50.9) 3.1 (0–23.3) 12 (52.2)

Intestinal 19 (34.6) 2.7 (0–21.0) .741 7 (30.4) .808

Mixed 8 (14.5) 3.2 (0–10.5) 4 (17.4)

Localization

Proximal 38 (69.1) 3.0 (0–23.3) .622 17 (73.9) .567

Distal 17 (30.9) 2.0 (0–21.0) 6 (26.1)

Neoadjuvant treatment

Yes 42 (76.4) 2.75 (0–23.3) .478 15 (65.2) .119

No 13 (23.6) 3.5 (1.0–21.0) 8 (34.8)

Primary tumor surgery

Yes 52 (94.5) 2.85 (0–23.3) .974 21 (91.3) .565

No 3 (5.5) 2.2 (0–5.7) 2 (8.7)

Adjuvant treatment

Yes 31 (59.6) 2.8 (0–23.3) .819 9 (42.9) .051

No 21 (40.4) 3.0 (0–22.8) 12 (57.1)

ypT (n = 39)

0, 1, 2 21 (53.9) 2.8 (0–23.3) .901 8 (38.1) .734

3, 4 18 (46.1) 2.65 (0–11.0) 5 (27.8)

ypN (n = 38)

N0 17 (44.7) 2.7 (0–22.8) .770 7 (53.8) .502

N+ 21 (55.3) 2.8 (0–23.3) 6 (46.2)

ypM (n = 39)

0 37 (94.9) 2.8 (0–23.3) .538 13 (100) .544

1 2 (5.1) 1.5 (1.0–2.0) 0 (0)

Tumor downstaging (n = 33)

Yes 7 (21.2) 1.0 (0–12.5) .560 2 (20) 1.000

No 26 (78.8) 2.8 (0–23.3) 8 (80)

Percentage of viable cells
in the surgical specimen,
after neoadjuvant
treatmenta (n = 35)

pCR (1a) 0 (0) NA NA

1%–10% (1b) 2 (5.7) 6.75 (1.0–12.5) 1 (8.3)

10%–50% (2) 7 (20.0) 0.7 (0–2.8) .025 1 (8.3) .435

>50% (3) 26 (74.3) 3.1 (0.5–23.3) 10 (83.3)

Percentage of fibrosis (n = 34)

<20% 12 (35.3) 4.3 (1.3–12.5) .073 5 (45.5) .459

≥20% 22 (64.7) 2.25 (0–22.8) 6 (54.5)

CTC counts (per mL)

<2.8 26 (47.3) NA NA 5 (21.7) .002

≥2.8 29 (52.7) NA 18 (78.3)

(continued)
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and after neoadjuvant treatment (n = 29) showed nine cases
(31%) to be CTM positive at baseline but negative at follow-
up collection. Conversely, only two cases lacked CTM at base-
line but presented CTM at follow-up collection (7%), and none
presented CTM at both moments (0%; p = .065). Despite the
absence of statistical significance, we observed that the group
of viable cells scored 3, according to the Becker tumor regres-
sion grading system, had more patients with CTM presence at
baseline (10/12 with CTM presence; Table 1).

From the 47 patients with samples tested for plakoglobin
expression, 9 had this protein detected in CTM, resulting in a
trend of worse median PFS (15.9 months vs. 21.3 months;
p = .114; Fig. 3B). This trend could not be observed for isolated
CTCs (18.6 months vs. 21.0 months; p = .962), where the pla-
koglobin expression was much lower. When the presence of

HER2 in CTCs and the presence of plakoglobin in CTM were
considered together in all patients included, we observed
no statistical difference in PFS (p = .061; data not shown).
However, after division into histological subgroups, this PFS
analysis was better reflected in diffuse histological subtype
(Fig. 3C; p = .027). Patients with negativity for both proteins
had better PFS than those with presence of HER2 in CTCs or
plakoglobin in CTM.

DISCUSSION

We evaluated CTCs and CTM in the blood of 55 patients diag-
nosed with nonmetastatic GAC, as well as their expression of
HER2 and plakoglobin. In general, the median CTC count was
high (2.8 CTCs per mL), compared with other publications

Table 1. (continued)

Clinical characteristics n (%)
Median CTCs
per mL (min–max) p value

CTM presence,
n (%) p value

CTM

Present 23 (41.8) 5.7 (2.2–23.3) .001 NA NA

Absent 32 (58.2) 1.3 (0–6.7) NA

HER2 expression (tumor) (n = 45)

Positive 5 (11.1) 3.6 (2.5–2.7) .958 2 (11.1) 1.000

Negative 40 (88.9) 3.0 (0–23.3) 16 (88.9)

HER2 expression (CTC) (n = 42)

Positive 18 (42.9) 4.45 (1.0–23.3) .119 10 (52.6) .349

Negative 24 (57.1) 2.6 (0.7–22.8) 9 (47.4)

Plakoglobin expression (CTC) (n = 47)

Positive 28 (59.6) 2.95 (0.5–22.8) .815 13 (61.9) 1.000

Negative 19 (40.4) 3.0 (1.0–11.0) 8 (38.1)
aBecker tumor regression grading system [33].
Abbreviations: CTC, circulating tumor cell; CTM, circulating tumor microemboli; NA, not analyzable; pCR, pathologic complete response.

Figure 2. PFS analysis of patients with nonmetastatic gastric cancer in relation to isolated CTCs and CTM at baseline. (A): Patients
with the count of CTCs above 2.8 per mL versus those with count of CTCs under 2.8 per mL: median PFS not achieved for both
(p = .103). (B): Patients with CTM presence had poor mean PFS in relation to those with CTM absence (18.7 months
vs. 21.6 months, respectively; p = .258).
Abbreviations: CTCs, circulating tumor cells; CTM, circulating tumor microemboli; PFS, progression-free survival.
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that have employed the same ISET approach, such as meta-
static breast, lung, and pancreatic cancers (respectively with
0.27, 2.3, and 0.67 CTCs per mL) [36], but similar compared
with other tumors such as pancreatic cancer (1.2 CTCs per
mL) [21], colon cancer (median of 2.0 CTCs per mL and 2.3
CTCs per mL) [34, 37], and sarcomas (median of 2.0 CTCs
per mL and 2.6 CTCs per mL) [12, 38]. For head and neck
cancer and lung cancer the median was very similar to our
data for patients with GAC (3.0 CTCs per mL for both) [13,
39]. We should also note that this high CTC count also
paralleled a high frequency of patients (90%) presenting
detectable CTCs. To the best of our knowledge, the study
presented here is only the second one made in patients
with GAC using ISET. The pioneer ISET-GAC study evaluated
patients from China (45 nonmetastatic and 41 metastatic
cases) and, perhaps because of differences in study design
and ethnicity, the authors report a much lower CTC detection

rate in nonmetastatic cases (52%) versus the 90% detection
rate in our study. However, despite this difference, these
authors conclude (and our findings give support to this con-
cept) that for most GAC cases, cell invasion and entry of can-
cer cells into the bloodstream occurs in the early stages of the
disease, which probably justifies the high rates of distant
recurrence [25] and the overall poor prognosis of this disease.

This finding is intriguing and deserves some considerations.
Most CTC-based studies have evaluated samples in the meta-
static setting, when much higher CTC counts and detection
rates are expected. However, when CTCs are released from
primary tumors in the early stage of disease, as postulated
by some authors and reviewed by Klein [40], the detection,
quantification, and evaluation of putative markers in early-
stage disease may be instrumental for the development of
diagnostic strategies and alternative therapeutics for the
early management of more aggressive disease. This finding

Figure 3. PFS analysis of patients with nonmetastatic gastric cancer in relation to the expression of HER2 protein in isolated CTCs, and
plakoglobin protein in CTM at baseline. (A): Patients with HER2-positive CTCs and patients with HER2-negative CTCs: median PFS not
achieved for both (p = .092). (B): Patients with plakoglobin-positive CTM and patients with plakoglobin-negative CTM: 16.3 months ver-
sus not achieved, respectively (p = .114). (C): Patients with diffuse histological subtype evaluated for HER2 in CTCs and plakoglobin in
CTM: patients with both proteins negative had better PFS than patients with one or the other positive (PFS not calculated; p = .027).
Abbreviations: CTCs, circulating tumor cell; CTM, circulating tumor microemboli; HER2, human epidermal growth factor receptor 2; PFS,
progression-free survival.
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Figure 4. Immunostaining of CTCs and CTM from patients with gastric cancer. (A, B): CTCs visualized with hematoxylin-eosin (×40).
(C): CTM visualized with hematoxylin-eosin (×40). (D): CTC stained with anti-HER2 antibody, visualized with DAB, and counterstained
with hematoxylin-eosin (×40). (E): CTC stained with antiplakoglobin antibody, visualized with DAB, and counterstained with
hematoxylin-eosin (×40). (F): CTM stained with antiplakoglobin antibody, visualized with DAB, and counterstained with hematoxylin-
eosin (×20). All images were analyzed on Research System Microscope BX61 (Olympus) coupled to a digital camera (SC100; Olympus).
Abbreviations: CTCs, circulating tumor cells; CTM, circulating tumor microemboli; DAB, diaminobenzidine; HER2, human epidermal
growth factor receptor.

Table 2. Clinicopathological aspects and CTC counts before and after treatment

Clinicopathological
characteristics (n)

Levels of CTCs per mL before
treatment, median (min–max)

Levels of CTCs per mL after
treatment, median (min–max) p value

All patients (55) 2.8 (0–23.3) 1.00 (0–10.5) .005

Lauren’s histological subtype

Intestinal (19) 2.7 (0–21.0) 1.0 (0–4.33) .005

Diffuse (28) 3.1 (0–23.3) 1.12 (0–8.0) .244

Neoadjuvant treatment

Yes (42) 2.75 (0–23.3) 1 (0–10.5) .017

No (13) 3.5 (1.0–21.0) 0.95 (0.5–2.0) .068

Primary tumor surgery

Yes (52) 2.85 (0–23.3) 1.0 (0–10.5) .005

No (3) 2.2 (0–5.7) NA NA

ypT

0, 1, 2 (30) 2.8 (0–23.3) 1.0 (0.25–8.0) .047

3, 4 (20) 2.65 (0–11) 1.0 (0–10.5) .155

ypN

N0 (25) 2.5 (0–22.8) 1.0 (0.33–5.25) .033

N+ (24) 2.8 (0–23.3) 1.25 (0–10.5) .156

Tumor downstaging

Yes 1.0 (0–12.5) 0.58 (0.33–4.25) .273

No 2.85 (0–23.3) 1.12 (0–10.5) .061

HER2 expression (CTC)

Positive (18) 4.45 (1.0–23.3) 1.0 (0.25–4.33) .008

Negative (24) 2.6 (0.7–22.8) 1.0 (0–8.0) .060

Plakoglobin expression (CTC)

Positive (28) 2.95 (0.5–22.8) 1.25 (0.33–10.5) .049

Negative (19) 3.0 (1.0–11.0) 0.75 (0–5.0) .069

Abbreviations: CTC, circulating tumor cell; NA, not analyzable.
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also supports the self-seeding hypothesis, postulated by
Norton and Massagué [41] and successfully tested by Kim
et al. [42], in which CTCs released by the original lesions rein-
filtrate the primary tumors, contributing to their growth after
a period of tumor cell priming in circulation. We hope our
study can encourage the use of CTCs in early disease stages
of all tumor types, in an attempt to identify effective diagnos-
tic and therapeutic tools.

The second collection point was performed for 33 subjects.
As expected, we observed a reduction in the CTC counts. This
reflects the reduction of the tumor mass during surgery and
reinforces the notion that CTCs can be used in follow-up even
in the absence of clinically detectable metastasis. Moreover,
the CTC count drop was more evident in groups of better
prognosis [ypT 0, 1, 2 group (2.9 CTCs per mL to 1.0 CTC per
mL; p = .011), and yN0 group (3.0 CTCs per mL to 1.0 CTC per
mL; p = .019)], demonstrating that CTCs can be a valuable
indicator in monitoring treatment response. This result opens
a new perspective in the decision about which patients with
ypT 3, 4 or N+ tumors are more likely to benefit from postop-
erative chemotherapy, based on CTC counts.

Mishima et al. [27] evaluated HER2 amplification by the
three-dimensional-immunofluorescence-fluorescent in situ
hybridization (3D-IF-FISH) method and compared their results
with the U.S. Food and Drug Administration-approved Cell-
Search system (Menarini Silicon Biosystems, Huntington Val-
ley, PA). Besides the higher CTC detection rates obtained by
the 3D-IF-FISH approach (88.3%), it also showed more
HER2-positive CTCs in patients with HER2-negative primary
tumors (13/50; 26%) than the CellSearch system (detection
rate, 52.3%; 3/27, 11.1% HER2-positive CTCs in HER2-negative
primary tumors). The 3D-IF-FISH and ISET approaches showed
similar results in terms of detection rate (88.3% vs. 90.9%)
and HER2-positivity in CTCs being released by HER2-negative
primary tumor cases (26% vs. 32.2%). Here, we observed a
much higher HER2 positivity in CTCs (43%) compared with pri-
mary tumors (11%). Although HER2 positivity has been associ-
ated with more aggressive tumor behaviors in breast cancer,
its prognostic value in gastric cancer is still controversial [43,
44]. We are tempted to speculate that evaluation of HER2 in
CTCs can contribute to determining which patients with GACs
will have higher malignancy and mortality rates.

Regarding the expression of plakoglobin in isolated CTCs
and CTM, as expected, our findings clearly reinforce the impor-
tance of plakoglobin only in CTM, probably acting to maintain
the tight clustering of cells in the microemboli. A promising
trend was observed for plakoglobin-positive CTM as a marker
of poor PFS (15.9 months vs. 21.3 months; p = .114; Fig. 3B).
Even in this scenario of a small sample size and a reduced
follow-up, our results suggest a potential role of plakoglobin
in maintaining cell adherence that constitutes the CTM and
in promoting tumor spread, as clusters are more prone to
survive and to lead to a faster disease progression [24]. Addi-
tionally, the combined analysis of plakoglobin in CTM and
HER2 expression in single CTCs, even acting in distinct

signaling pathways, showed that these two proteins could
predict worse PFS in patients with GAC when one or the
other is expressed, especially in diffuse histological sub-
types (Fig. 3C).

CONCLUSION

The multidisciplinary treatment for resectable tumors, which
today mainly includes a combination of chemotherapy and
surgery, is one of the most promising strategies to deliver
patients the benefit of different treatment modalities
[45–48]. So far, there are no trustworthy markers to evaluate
the in vivo risk of metastatic disease or progression risk in
this multidisciplinary scenario. However, the data presented
by us and others suggest that the analysis of biomarker
expression and relative CTC counts contribute to evaluate
response and determination of prognosis.
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