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Abstract. Aim: To evaluate the clinical efficacy of a
circulating tumor cell (CTC) test by comparison between
healthy volunteers and patients with localized prostate
cancer including those under active surveillance.
Materials and Methods: CTC counts in peripheral blood
were compared between patients with prostate cancer
(n=45) and healthy volunteers (n=17). CTCs were
identified based on the expression of epithelial cell
adhesion molecule (EpCAM) and counted using a SMART
BIOPSY™ SYSTEM. Results: The number of EpCAM+
cells was significantly higher in patients with cancer than
in healthy volunteers. Among the low-risk patients (n=9),
two had up-staging and six had up-grading. Among those
up-staged, there was one case which was EpCAM+. Among
those cases up-graded, three were EpCAM+. In those with
stage T2 tumors, the presence of Gleason pattern 5 was
positively correlated with EpCAM positivity (rho=0.59,
p<0.001). Conclusion: CTC counts in localized prostate
cancer were associated with Gleason pattern 5. Active
treatment should be considered for patients with low-risk
disease during active surveillance who are found to have
EpCAM+ CTCs because of a risk of up-staging and upgrading.
This article is freely accessible online.
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Prostate cancer is the second most common cancer in men
worldwide, and it is classified according to different cancer
phenotypes (1). Active surveillance is recommended as a
treatment option for patients with low-risk prostate cancer. The
development of prostate-specific antigen (PSA) detection tests
has reduced the number of deaths related to prostate cancer and
has been associated with an increase in the incidence of prostate
cancer (2). Reportedly, an increase in the number of cases that
involved low-risk prostate cancer causes overtreatment and
related complications (3). The concept of active surveillance
was established after the recommendation of the United States
Preventive Services Task Force against PSA screening for
asymptomatic men because of overdiagnosis (4). Several
criteria for active surveillance exist according to different
institutes, but most include localized stage, low PSA level, and
grade 1 (5). The aim of active surveillance is to reduce
overtreatment by choosing those who do not need definitive
treatment. In addition, active surveillance offers the chance for
curative definitive treatment when appropriate by following
additional examinations over time. Many institutions
recommend PSA monitoring and repeated biopsies (5). PSA has
been used as a representative serum marker of prostate cancer
since a long time, but it has limitations. PSA is not cancerspecific, and other conditions affecting the gland can elevate the
PSA level, including prostate procedures (6). PSA has both low
specificity and low positive predictive value (PPV), particularly
in the gray zone of values lower than 10 ng/ml (a common
active surveillance criterion) (7). The PSA level also displays a
biological variability of approximately 20% (8).
Circulating tumor cells (CTCs) in peripheral blood have
been associated with prognosis, and various techniques and
products for their detection have been developed with high
specificity (9). CTCs are broadly accepted as the cause of
metastases (10) but to date, no standard CTC marker exists.
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Epithelial cell adhesive molecule (EpCAM) is the most
commonly used CTC marker (11). Other biomarkers have
been evaluated for specific cancer types, such as cytokeratin
7 for lung cancer, prostate-specific membrane antigen
(PSMA) for prostate cancer, and caudal type homeobox 2 for
colorectal cancer (12). The detection of CTCs as alternatives
to biopsy using various markers may reduce the need for
invasive repetitive biopsy samplings.
The studies on CTCs in patients with localized prostate
cancer are fewer than those with metastatic diseases because
of limitations to CTC detection. In this study, we compared
CTC counts between patients with localized prostate cancer
who underwent radical prostatectomy and healthy volunteers
in order to evaluate the clinical efficacy of the test. In addition,
we tried to determine the value of CTC counts for patients with
low-risk disease who may be candidates for active surveillance.

Materials and Methods

Study design. The Ethical Review Board of our Institution approved
the study protocol (approval number: 2017-0192). All participants
signed written informed consent forms and agreed to participate by
free will. We enrolled 45 patients diagnosed as having prostate
adenocarcinoma by needle biopsy and 17 healthy male volunteers
between January and March 2018. All patients with prostate cancer
underwent bone scans, abdominal and pelvic computed tomography,
and prostate magnetic resonance imaging evaluations to detect
metastatic disease. Patients were classified as having low-risk
category of disease based on criteria including having a biopsy
grade 1, PSA <10 ng/ml, and clinical stage of T2a or lower (13).
All patients had undergone radical prostatectomy. A pathologist
analyzed resected prostate specimens. Disease in our low-risk
patients was categorized as being upgraded (grade ≥2) or upstaged
(pathological stage ≥T3 stage) based on the pathological analysis.
A clinician interviewed healthy volunteers to evaluate their past
medical history and excluded those who had any disease that needed
any medication up to 3 months before the interview date. Peripheral
blood samples of 15 ml were collected from participants before
surgery.

Blood collection and CTC isolation. Blood samples (15 ml) from
each participant were collected in acid citrate dextrose solution A
tubes (BD Vacutainer®; Franklin Lakes, NJ, USA). The blood
samples were processed to enrich CTCs using a CTC isolation kit
(Cat# CIKW10; Cytogen, Seoul, Republic of Korea) and SMART
BIOPSY™ Cell Isolator (Cat# CIS030; Cytogen).

Immunofluorescence staining and CTC counting. For immunofluorescence staining, the enriched cells were layered onto a microscope
slide, fixed in 4% paraformaldehyde for 5 min, and then washed with
phosphate-buffered saline (PBS). The cells were incubated with 0.2%
Triton X-100 in PBS for 10 min, then blocked with 1% bovine serum
albumin in PBS for 60 min, and incubated with antibodies against
CD45 (mouse, dilution 1:100; Agilent, Santa Clara, CA, USA) and
PSMA (rabbit, dilution 1:50; Cell Signaling Technology, Danvers,
MA, USA, followed by anti-mouse Alexa 647 (dilution 1:1,000;
Invitrogen, Carlsbad, CA, USA) and anti-rabbit Alexa 546 (dilution
1:1,000; Invitrogen). In addition, cells were incubated with Alexa 488-
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conjugated mouse antibody to EpCAM (dilution 1:50; Cell Signaling
Technology). The slides were mounted with Fluoroshield™ with 4’,6diamidino-2-phenylindole (ImmunoBioScience, Mukilteo, WA, USA).
In order to identify PSMA-EpCAM+ and CD45− CTCs, LNCaP
(PSMA-EpCAM+; Korean Cell Line Bank, Seoul, Republic of Korea)
cell line and white blood cells (CD45−), obtained from a patient
sample, were used as positive controls (Figure 1). The
immunofluorescently stained cells were analyzed for each marker
using a SMART BIOPSY™ Cell Image Analyzer (Cat# CIA030;
Cytogen), which comes with image analyzing software.
Statistical analysis. The baseline characteristics of participants were
expressed as the mean±standard deviation with interquartile ranges,
or numbers with percentages. The data were assessed for normality
using the Kolmogorov–Smirnov test. Student’s t-test or Mann–
Whitney tests were used to analyze differences between continuous
variables, and Fisher’s exact test for categorical variables. Spearman
correlation analysis was applied to investigate associations between
markers and pathological status. All statistical analyses were
performed using R version 3.4.3 software (R Project for Statistical
Computing; http://www.r-project.org/). All statistical tests were twotailed, with p<0.05 considered significant.

Results

Participant and sample characteristics. Table I displays the
baseline characteristics of healthy volunteers (n=17) and
patients with prostate cancer (n=45). Healthy volunteers
were younger (34.4±7.8 vs. 67.1±7.3, p<0.001), weighed
more on average (74.6±9.9 vs. 67.6±8.8, p=0.015), and were
taller (175.9±2.5 vs. 166.3±9.7 cm, p<0.001) than patients
with prostate cancer, but their body mass indices were
similar (p=0.961). The number of positive EpCAM cells
(EpCAM+) was significantly higher in patients with prostate
cancer than that in healthy volunteers (0.8±1.8 vs. 0.1±0.3,
p=0.031). Two healthy volunteers each had one EpCAM+
cell, and 40% of patients with prostate cancer showed
EpCAM+ cells (1 to 11). Only one patient with prostate
cancer displayed one positive PSMA cell (PSMA+).
Detection of EpCAM+ cells showed 40.0% sensitivity, 88.2%
specificity, 53.2% accuracy, 90.0% PPV, and 35.7% negative
predictive value (NPV) (Table II) for prostate cancer. Detection
of PSMA+ had 2.2% sensitivity, 100.0% specificity, 29.0%
accuracy, 100.0% PPV, and 27.9% NPV for prostate cancer. The
combination of EpCAM+ and PSMA+ (EpCAM+/PSAM+) gave
the same values as for use EpCAM+ cells.

Tumor characteristics. Table III shows tumor characteristics.
Patients with prostate cancer had a median preoperative PSA
level of 8.0 ng/ml. Pathology results for prostate cancer
specimens showed 44.4% were stage T3 or higher, 2.2% had
N1 stage, and 24.4% were grade 4 or higher. The median
percentage tumor volume was 12.0%, the median prostate
volume was 33.5 g, and the median tumor volume was 3.8 cc.
Lymphovascular invasion was confirmed in 14 men (31.1%)
and perineural invasion in 34 (75.6%). Only 20% of patients
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Figure 1. Identification of circulating tumor cells (CTC) by combining staining with 4’,6-diamidino-2-phenylindole (DAPI, blue), and for epithelial
cell adhesive molecule (EpCAM, green), prostate-specific membrane antigen (PSMA, yellow), and cluster of differentiation 45 (CD45, red). WBC:
white blood cell; LNCap: lymph node carcinoma of the prostate, cell line.
Table I. Baseline characteristics and circulating tumor cell numbers stratified by study group.
Age, mean±SD, years
Weight, mean±SD, kg
Height, mean±SD, cm
Body mass index, mean±SD, kg/m2
Diabetes mellitus, n (%)
Hypertension, n (%)
EpCAM+ cells, mean±SD
Frequency of patients with EpCAM+, n (%)
PSMA+ cells, mean±SD
Frequency of patients with PSMA+, n (%)

Healthy volunteers (n=17)
34.4±7.8
74.6±9.9
175.9±2.5
24.5±3.6
0 (0.0%)
0 (0.0%)
0.1±0.3
2 (11.8%)
0.0±0.0
0 (0.0%)

Prostate cancer (n=45)
67.1±7.3
67.6±8.8
166.3±9.7
24.3±6.4
4 (8.9%)
20 (44.4%)
0.8±1.8
18 (40.0%)
0.0±0.1
1 (2.2%)

EpCAM+: Epithelial cell adhesive molecule-positive; PSMA+: prostate-specific membrane antigen-positive.
Table II. Sensitivity, specificity, and predictive values of circulating tumor cell detection methods.
EpCAM+
PSMA+
EpCAM+/PSMA+

Sensitivity (%)
40.0
2.2
40.0

Specificity (%)
88.2
100.0
88.2

Accuracy (%)
53.2
29.0
53.2

PPV (%)
90.0
100.0
90.0

p-Value

<0.001
0.015
<0.001
0.961
0.489
0.002
0.031
0.069
0.323
>0.99

NPV (%)
35.7
27.9
35.7

EpCAM+: Epithelial cell adhesive molecule-positive; PSMA+: prostate-specific membrane antigen-positive; PPV: positive predictive value; NPV:
negative predictive value.

with prostate cancer had a low-risk disease. Among them,
disease in two was up-staged and in six was upgraded. Among
those with up-staging, there was one with EpCAM+ cells and
among those with up-grading, there were 3 with EpCAM+ cells.

Circulating tumor cells and pathology. Table IV displays the
correlation between CTC counts and pathological variables in
patients with prostate cancer. In those with stage T2 disease, the
grade was significantly positively correlated with EpCAM
1617
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positivity (rho=0.46, p=0.020) and with EpCAM/ PSMA
positivity (rho=0.46, p=0.020). In addition, the presence of
Gleason pattern 5 was significantly positively correlated with
EpCAM positivity (rho=0.59, p<0.001) and with EpCAM/
PSMA positivity (rho=0.59, p<0.001). In those with stages
T3/4, the tertiary Gleason pattern 5 was significantly positively
correlated with PSMA positivity (rho=0.46, p=0.040).

Discussion

Studies have associated CTC count with survival outcomes after
metastatic prostate cancer (11). But studies on CTCs in patients
with localized prostate cancer are rare (14). Therefore, we
prospectively analyzed the CTC count in patients about to
undergo radical prostatectomy. We found the number of
EpCAM+ CTCs was significantly higher in the prostate cancer
group than it was in the healthy volunteer group, and 40.0% of
patients with cancer had at least one circulating EpCAM+ cell.
Meyer et al. reported CTC positivity of 11.2% and found no
correlation between CTC count and biochemical recurrence
(15). Davis et al. also reported that CTCs were present in 21%
of patients with localized prostate cancer, and they did not find
significant prognostic factors while screening among factors
such as PSA, Gleason score, T-stage, and tumor volume (16).
Differences in detection rates may come from differences in
both detection methods and patient populations. Those two
studies were performed using the CellSearch system within 72
hours of sample collection (15, 16). We performed our tests
within 4 hours from blood collection using a SMART
BIOPSY™ SYSTEM. Although a study published on 92
patients with metastatic breast cancer showed no significant
difference in CTC numbers within 72 hours, CTC numbers
changed after 72 hours, probably due to mean sampling errors
or false positivity (17). Therefore, the time restriction may be
helpful for increasing sensitivity in those with nonmetastatic
disease. CTCs are unstable because they undergo apoptosis after
being separated from the tumor and after the blood is removed
from the patient (18). In addition, our prostate cancer group had
higher pathologic T-stage (44.4% ≥T3) and grade (24.4% ≥4)
than the patients in the above two studies (Meyer et al., 37.5%
and 4.6%; Davis et al., 20% and 7%, respectively).
We used PSMA as a marker, and had one positive result
in the prostate cancer group. PSMA is expressed in epithelial
cells of normal prostate tissue and prostate cancer (19).
PSMA expression was increased in patients with metastatic
castration-resistant prostate cancer and in those with a high
grade (20). PSMA may be associated with prostate cancer
progression; therefore, it can be used as a CTC marker in
prostate cancer. Among the methods for detecting CTCs,
including immunoaffinity, biophysical or direct imaging
assay, studies have focused on finding the most appropriate
technique with high selectivity and sensitivity (21). Using a
microfluidic ratchet mechanism, CTCs were found 50% of
1618

Table III. Tumor characteristics of patients who underwent radical
prostatectomy.
Characteristic

Preoperative PSA
Mean±SD (IQR)
Risk category, n (%)
Low-risk
Up-staging, n (%)
Total
EpCAM+
PSMA+
EpCAM+/PSMA+
Up-grading, n (%)
Total
EpCAM+
PSMA+
EpCAM+/PSMA+
Pathologic T-stage, n (%)
2
3a
3b
4
Pathologic stage, n (%)
N1
Pathologic grade, n (%)
1
2
3
4
5
Percentage tumor volume (%)
Mean±SD (IQR)
Prostate volume, g
Mean±SD (IQR)
Tumor volume, cc
Mean±SD (IQR)
Lymphovascular invasion, n (%)
Yes
Perineural invasion, n (%)
Yes

Prostate cancer (n=45)
46.2±216.8 (5.8-14.3)
9 (20.0%)

2 (22.2%)
1 (50.0%)
0 (0.0%)
1 (50.0%)
6 (66.7%)
3 (50.0%)
0 (0.0%)
3 (50.0%)

25 (55.6%)
12 (26.7%)
5 (11.1%)
3 (6.7%)
1 (2.2%)

7 (15.6%)
15 (33.3%)
12 (26.7%)
2 (4.4%)
9 (20.0%)

16.7±17.3 (5.0-20.0)

34.3±11.8 (26.5-39.0)
5.8±7.7 (2.0-5.5)
14 (31.1%)

34 (75.6%)

EpCAM+: Epithelial cell adhesive molecule-positive; IQR: interquartile
range; PSA: prostate-specific antigen; PSMA+: prostate-specific
membrane antigen-positive; SD: standard deviation.

50 patients with localized prostate cancer (22). Because no
gold-standard for CTC count exists, trials to find the best
CTC detection method should continue.
In metastatic disease, CTCs are thought to initiate tumor
metastases (23). This idea is supported by the presence of
synchronous metastasis without direct invasion through
blood circulation, and by recurrences in spite of complete
surgical tumor resection (23). CTCs have been found in
patients with localized prostate cancer, although the
significance of this finding is still not understood. In our
study, Gleason pattern 5 and grade were both significantly
positively correlated with CTC presence. The association
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Table IV. Spearman correlation coefficient (rho) of circulating tumor cell counts with pathological variables in patients with prostate cancer.

Pathological N stage
Pathological grade
Gleason pattern 5
Tertiary Gleason pattern 5
Percentage tumor volume
Tumor volume
Lymphovascular invasion
Perineural invasion

EpCAM+

NA
0.46*
0.59**
0.34
0.39
0.38
0.09
0.08

Pathological T2 stage
PSMA+
NA
NA
NA
NA
NA
NA
NA
NA

EpCAM+/PSMA+
NA
0.46*
0.59**
0.34
0.39
0.38
0.09
0.08

EpCAM+

Pathological T3/4 stage

−0.20
0.05
−0.05
0.18
−0.08
−0.23
−0.38
−0.13

PSMA+
−0.05
−0.10
0.21
0.46*
−0.08
−0.18
−0.23
0.08

EpCAM+/PSMA+
−0.20
0.05
−0.05
0.18
−0.08
−0.23
−0.38
−0.13

EpCAM+: Epithelial cell adhesive molecule-positive; PSMA+: prostate-specific membrane antigen-positive. Significant at *p<0.05, **p<0.001; NA,
not analyzed.

between CTCs and cancer aggressiveness is new and can be
explained by the stem-cell-like characteristics of CTCs.
Aldehyde dehydrogenase 1, a stem cell marker, has been
detected in CTCs of patients with localized prostate cancer
(24). Armstrong et al. reported that more than 80% of CTCs
co-expressed epithelial (e.g. EpCAM, or cytokeratin) and
stem cell markers (e.g. CD133) (25). The Gleason grade is
based on the structural features of the prostate gland, and a
Gleason pattern of 5 is the worst morphological pattern (26).
A mechanism involving the collapse of the prostate gland
might be related to the release of CTCs rather than
lymphovascular or perineural invasion of tumor in the initial
status of localized prostate cancer.
The detection of CTCs in liquid biopsies is a less invasive
procedure and is easier to perform than taking repetitive
prostate gland biopsies. Our results suggest CTCs may be
useful for active surveillance. Half of the patients in the lowrisk category with up-staging to T3 and up-grading to grade
2 had EpCAM+ CTCs. In addition, even in cases with
localized T2 stage, the CTC count was positively correlated
with the Gleason pattern 5. Advances such as droplet digital
polymerase chain reaction or next-generation sequencing will
improve the CTC detection rate, and the procedural time and
cost (27). Until now, the criteria for active surveillance
include PSA and repeated biopsies, but in the near future,
new biomarkers including CTCs may be introduced.
Our study had some limitations. The number of participants
was small, and the patients in the low-risk category were few.
However, we did have a control group of healthy volunteers,
so we were able to compare the counts for controls to those for
the prostate cancer group. The detection rate in patients with
localized prostate cancer was not high, as it was in other
studies (15, 16, 22). Therefore, for now, the usage of CTCs for
all patients with prostate cancer should be avoided, but our
results suggest a use for CTCs in patients with cancer
undergoing active surveillance.

Conclusion

CTC positivity in patients with localized prostate cancer may
be associated with Gleason pattern 5. The presence of CTCs
in low-risk patients undergoing active surveillance may
indicate the need for active treatment. Larger-scale trials with
more sensitive techniques are needed to confirm our results.
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