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Background: Although circulating tumor cells (CTCs) are considered as a surrogate marker in

monitoring disease progression and treatment response in late stage prostate cancer (PCa), its

clinical impact in localized PCa remains unclear, indicating the limitation that is simply based on

cell count. This perspective observational study aimed to detect the epithelial-to-mesenchymal

transition (EMT) subtypes of CTCs in localized PCa and analyze their clinical relevance and

application in predicting PCa stages before surgery compared with the Partin table.

Patients and Methods: Between August 2017 and April 2019, 80 newly diagnosed localized

PCa patients were enrolled in the study. Peripheral blood samples (5 mL) were collected prior to

surgery. The CanPatrolTMCTC enrichment technique, a size-based isolation method, was used to

detect the EMT CTCs. Clinical relevance of the CTCs was analyzed with Spearman’s rank

correlation test. Models to predict pathological were built with multivariate logistic regression.

Receiver operating characteristic (ROC) curve and area under the curve (AUC) analysis were

performed to evaluate the accuracy of the prediction model.

Results: CTCs were detected in 55% of all patients. The biophenotypic CTCs were most

valuable and closely correlated with PSA, Gleason score, D’Amico risk classification, and

pathological stage in localized PCa. The mesenchymal subtype was rare in this population but

associated with seminal vesicle invasion, while the epithelial subtype had limited clinical

significance. In addition, the biophenotypic CTCs combined with traditional clinical variables

were analyzed by multivariate logistic regression to predict organ-confined disease before

surgery, of which the AUC reached 0.818 and was superior to the Partin table 2017 in our cohort.

Conclusion: This study highlights the clinical impact of the biophenotypic CTCs in

localized PCa, which was most closely related to clinical variables and could help to predict

pathology outcomes before surgery.
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Introduction
The incidence of Prostate cancer (PCa) has grown rapidly in China in recent

decades.1 An accurate classification procedure is critical to distinguish indolent

localized PCa from aggressive disease prior to definitive therapy. However, mis-

judgment of the disease may lead to inappropriate treatment choice.2 Currently,

treatment options are determined by risk stratification, and several nomograms or

statistical models are developed to help predict it before surgery.3 One of the most

famous and widely used tools is the Partin Table.4 However, this nomogram was

found not accurate enough when applied in patients out of the US.5,6 Thus,
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researchers are considering new clinical parameters, such

as the multiparametric MRI, to enhance the predictive

accuracy.7

Recently, another new clinical parameter, the circulating

tumor cells (CTCs), has been applied to clinical oncology

gradually. They are malignant cells detached from solid

tumor masses and invaded into the bloodstream, which may

cause metastatic dissemination.8 In its application to PCa,

much attention was paid to late stage PCa or metastatic

castration-resistant prostate cancer (mCRPC), partly because

of the large amount of CTCs in this stage that was easy to

detect. It has been confirmed that CTC counts were closely

related to clinical variables.9,10 Therefore, CTCs are consid-

ered as a surrogate marker even superior to PSA in monitor-

ing disease progression and treatment response in late stage

PCa patients.11 However, due to technical challenges, the

clinical impact of CTCs in localized PCa remains unclear,

indicating the limitation that is simply based on cell

count.12,13 In fact, CTCs could be devided into three subtypes

according to the epithelial-mesenchymal transition (EMT)

process, which were proved among many cancer types.14

EMTwas traditionally a basic process in normal physiologi-

cal events like embryonic development and tissue repair but

aberrantly activated in cancerogenesis and metastasis.15

Most CTCs originally express epithelial markers, and EMT

conveyed mesenchymal and stemness characters to them.16

The biophenotypic subtype was a mixture of both epithelial

and mesenchymal traits. EMTwas once considered an early

event in tumor metastasis and progression.17 Recently,

researches showed that EMT CTCs were not confined to

metastatic tumors, but also showed clinical significance in

some early stage tumors. A study enrolled 86 early breast

cancer patients and detected CTCs in 37.2% of cases, of

which CTCs were correlated with tumor size, stage, mole-

cular classification and preliminarily indicating the associa-

tion of EMT CTCs and neoadjuvant chemotherapy

effectiveness.18 In a study with 651 localized colorectal

cancer patients, CTCs were found in 535 patients, including

461 cases with the biophenotypic subtype, which associated

with clinical stage.19 The EMT CTC subtypes also correlated

with disease progression and poor prognosis in early stage

lung cancer and cervical cancer.20,21 Thus, it is conceivable

that the EMT CTCs would be useful in the assessment of

localized PCa.

There are various techniques to detect CTCs. Among

this, the CanPatrol system, developed in 2015, uses the

size-based CTC isolation method to enhance the detection

rate and could examine multiple biomarkers at the same

time.22,23 With the filtration-based enrichment method,

Awe JA et al found CTCs could be detected in all stages

of PCa but did not further evaluate the clinical impact.24

Currently, few types of research have studied the CTCs in

localized PCa patients with size-based separation method.

Studies on the clinical relevance of EMT CTCs in early

stage PCa were also limited, with small sample size and

simple EMT markers.25 The clinical value of EMT CTCs

in localized PCa remains to be elucidated.

In this research, we aimed to prospectively identify the

EMT subtype CTCs in 80 early stages or localized PCa

patients before radical prostatectomy with the size-based iso-

lation method, demonstrate the correlation of different sub-

types of CTCs with clinical characteristics, and compare with

Partin table 2017 to evaluate the possible predictive value of

EMT CTCs in evaluating disease status before surgery.

Patients and Methods
Patients and Study Design
This prospective, single-center study was approved by the

Xinhua Hospital Ethics Committee affiliated to Shanghai

Jiaotong University School of Medicine and registered in

ClinicalTrials.gov (NCT02940977). The trial was conducted

in accordance with the Declaration of Helsinki, and all

patients provided written informed consent. Between

August 2017 and April 2019, patients with newly diagnosed

PCa and underwent RP in our hospital were prospectively

enrolled in the study cohort. The main inclusion criteria were

pathological diagnosis of PCa by biopsy, age > 18 years,

eligible to receive RP, the astern Cooperative Oncology

Group (ECOG) performance status of 0 or 1. Patients were

excluded if they had other concurrent malignant tumors or

severe diseases. Clinical features as age, serum PSA levels,

clinical stage, biopsy Gleason score, pathological results

were collected. The clinical classification was based on the

EAU guidelines of prostate cancer 2017 and D’Amico’s

classification system for PCa.26

Isolation and Enumeration of CTCs with

the CanPatrolTM CTC Assay
The CanPatrolTM CTC technique (CTI-Medlab, Shanghai,

China, and SurExam, Guangzhou, China) was used for isolat-

ing and enumerating CTCs in this study. Detailed protocol has

already been published.22,27 In short, before surgery, 5 mL

peripheral blood samples were collected in EDTA tubes by

venipuncture from selected patients and then transferred into

the preserving tubes immediately, stored at 4°C for at most 4
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hours before isolation. Peripheral blood samples were treated

with erythrocyte lysis buffer to deplete erythrocyte, and

washed by PBS with 4% formaldehyde (Gibco, USA) for 5

min to resuspend the remaining cell mixture. CTCs were

isolated with a filtration system, including a 8-μm diameter

pore calibrated membrane (Millipore, MA, USA), a filtration

tube containing themembrane (SurExam, Guangzhou, China),

a manifold vacuum plate with valve settings (SurExam,

Guangzhou, China), an E-Z 96 vacuum manifold (Omega,

GA, USA), and a vacuum pump (SurExam, Guangzhou,

China). The EMT subtypes were classified by the epithelial

andmesenchymalmarkers expressed inCTCswith amultiplex

RNA-in situ hybridization (RNA-ISH) assay. EMT markers

were categorized into 3 groups as previously described.28

Group 1 contained four epithelial biomarkers (EpCAM,

Cytokeratin 8/18/19), Group 2 contained two mesenchymal

biomarkers (Vimentin and Twist), Group 3 contained CD45

biomarker to remove leukocytes from CTCs. Finally, cell

nucleus was visualized with DAPI for 5 minutes (Sigma,

St. Louis, USA). The processed cells were analyzed with an

automated imaging fluorescent microscope (Zeiss, Germany).

The red and green fluorescent dots emitted by cells presented

epithelial and mesenchymal markers, respectively. The white

dots represented CD45 expression of white blood cells.

Statistical Analysis
All statistical analyses were performed with the statistical

package for SPSS 19.0 (SPSS Inc. Chicago, IL). Clinical

relevance of the CTC parameters was analyzed with

Spearman’s rank correlation test. Univariate and multivariate

logistic regression were performed to analyze independent

factors. Models to predict pathological were built with multi-

variate logistic regression. Receiver operating characteristic

(ROC) curve and area under the curve (AUC) analysis was

performed to evaluate the accuracy of the prediction model.

All statistical tests were two-tailed. A P value < 0.05 was

considered statistically significant.

Results
Baseline Characteristics of the Study

Population and Comparison with Partin

Table 2017
Eighty localized PCa patients were enrolled in our cohort.

Clinical variables of the current study are summarized in

Table 1. To test the accuracy of the Partin table in our cohort,

patients from the Partin table 2017 were compared to the

control group.4 Generally, there were some differences in

clinical distribution of the two cohorts. The average age in

our cohort was 68.58±6.75 years, which was higher than that

in Partin table 2017 (59.5±7.0 years). There was also differ-

ence in clinical stage distribution. In our study, stage T2a

(46%) was common, while in Partin table 2017, most were

from stage T1c (79%). Serum PSA distribution of the two

groups was not equally comparable. More than half of the

patients in our study had serum PSA values higher than

10ng/mL, but PSA in the other cohort mostly ranged from

4 to 10ng/mL. The distribution of biopsy Gleason score and

pathological stage was similar in each group.

The accuracy of the Partin Table 2017 predictions in

our cohort was quantified with ROC derived AUC esti-

mates, where the predicted organ-confined (OC), extracap-

sular extension (EPE), seminal vesicle invasion (SVI), and

lymph node invasion (LNI) are compared with actual

Table 1 Baseline Characteristics of the Study Population and

Comparison with Partin Table 2017

Characteristics Current Study Partin 2017

Patients, n 80 5629

Age, years

Mean (SD) 68.58 (6.75) 59.5 (7.0)

Clinical stage, n (%)

T1c 5 (6) 3514 (79)

T 2a 37 (46) 651 (15)

T 2b 11 (14) 243 (5)

T 2c 23 (29) 51 (1)

T3a* 4 (5)

PSA (ng/mL), n (%)

0–2.5 2 (2.5) 760 (17)

2.6–4.0 2 (2.5) 680 (15)

4.1–6.0 6 (7.5) 1584 (36)

6.1–10.0 24 (30) 1038 (23)

>10.0 46 (57.5) 397 (9)

Biopsy Gleason score, n (%)

≤6 (GG1) 16 (20) 1617 (36)

3 + 4 (GG2) 24(30) 1687 (38)

4 + 3 (GG3) 24 (30) 664 (15)

8 (GG4) 9 (11) 211 (5)

9–10 (GG5) 7 (9) 271 (6)

Pathological stage

OC 50 (62.5) 3278 (74)

EPE (SVI–, LNI–) 19 (24) 898 (20)

SVI (LNI–) 10 (12.5) 182 (4)

LNI 1(1) 101 (2)

Note: *Patients of T3a were excluded in the comparison with Partin table.

Abbreviations: OC, organ-confined; EPE, extracapsular extension; SVI, seminal

vesicle invasion; LNI, lymph node invasion.
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pathological characteristics (Figure 1). As the 2017 Partin

table can only predict patients with stage before T2c, the

four patients of T3a in our cohort were excluded in the

comparison analysis. The AUC of the 2017 Partin Table’s

OC, EPE, SVI, and LNI was 0.735 (p<0.001, 95% CI

0.623–0.847, Figure 1A), 0.578 (p=0.301, 95% CI 0.436–-

0.719, Figure 1B), 0.883 (p<0.001, 95% CI 0.797–0.968,

Figure 1C), and 0.873 (p=0.201, 95% CI 0.75–0.997,

Figure 1D) respectively, suggesting a relatively poor pre-

dictive value on OC and EPE.

Detection of CTCs and Positivity with

Clinical Characteristics
Of all the 80 patients, 44 (55%) cases could be detected with

CTCs, ranging from 1 to 13 per 5 mL. Representative images

of the three subtypes of CTCs are shown in Figure 2. Among

all the three subtypes, the biophenotypic CTCswere the most

common, with 38 patients detected, while epithelial and

mesenchymal CTCs accounted for 38.8% (31/80) and

12.5% (10/80) respectively. Seven patients were found to

have all the three CTC subtypes. Detailed distribution is

displayed in Table 2. Except for the mesenchymal CTCs,

the other two CTC subtypes and total CTCs had a higher

propensity to be detected in patients with higher clinical

stage, pathological stage, and D’Amico risk classification,

but not closely related to age, PSA levels, or Gleason score.

Association of CTCs Counts with Clinical

Characteristics
The number of CTCs was further assessed with the clinical

features. The average amount of epithelial CTCs in each

pathological stage was 0.71 (range 0–4), 0 (range 0–0),

Figure 1 ROC curve analysis on the Partin table 2017 in our cohort. (A–D) ROC curves for OC, organ-confined; EPE, extracapsular extension; SV, seminal vesicle invasion;

LN, lymph node invasion.

Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve.
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0.54 (range 0–2), 1.18 (range 0–6), 1.43 (range 0–4) and 4

(range 4–4), respectively. The amount of biophenotypic

CTCs was 0.38 (range 0–4), 1.67 (range 0–5), 0.88

(range 0–4), 2.41 (range 0–8), 3.57 (range 1–6), and 7

(range 7–7), respectively. Few mesenchymal CTCs were

detected in each stage (Table S1). Spearman’s rank corre-

lation test indicated that the biophenotypic subtype had the

most significant correlation with almost all clinical vari-

ables, except age and lymph node invasion (Table 3).

However, its connection with PSA and Gleason score

was relatively low (ρ=0.247, 0.259, respectively). When

we divided serum PSA levels and Gleason score into low

and high groups (PSA≥20ng/mL, GS ≥4+3), there was no

correlation with any CTC counts (Figure 3A and C). Both

pathological stage and D’Amico risk classification had

a strong association with the amount of total and biophe-

notypic CTCs (Table 3, Figure 3B and D). However, no

significant correlation emerged between pathological stage

and the epithelial subtype. In fact, epithelial CTCs were

not associated with most variables, but only had a slight

correlation with D’Amico risk classification and OC

(ρ=0.222, −0.236, respectively). The OC, EPE, and SVI

were extended expansion from pathological stage. As

a result, OC was also found negatively related to the

amount of total and biophenotypic CTCs, and EPE and

SVI had a positive relationship. The mesenchymal subtype

was detected in 10 patients. When taken into analysis, this

subtype was only a hint for seminal vesicle invasion. None

of the three CTC subtypes were related to age or lymph

node invasion. It was worth noting that there was only one

lymph node positive patients in our cohort, correlation

analyses of lymph node invasion may be inaccurate. In

sum, these results suggest the presence of biophenotypic

CTCs most closely correlates with disease severity.

EMT Subtypes of CTCs Help to Predict

Pathological Outcomes in Prostate

Cancer
As EMT CTCs, especially the biophenotypic subtype,

were found closely associated with clinical characteristics,

multivariable logistic regression was analyzed to find the

potential risk factors. Asthe value of Partin table 2017 to

predict OC and EPE in our PCa cohort was limited (Figure

1), we try to build models with CTCs to predict PCa in OC

and EPE. The AUC was calculated to assess the accuracy

of these regression models. As a result, the number of the

biophenotypic CTCs and clinical stage were negatively

correlated with OC in PCa (p=0.01, OR=0.582 and

p=0.016, OR=0.527, respectively, Table 4). The AUC of

the predictive model for OC was 0.818 (p<0.001, 95% CI

0.726–0.909), which was higher than clinical stage (AUC=

0.698, p=0.003, 95% CI 0.582–0.815), CTC (AUC=

0.788, p<0.001, 95% CI 0.683–0.893), or Partin table

alone (AUC= 0.735, p<0.001, 95% CI 0.623–0.847)

(Table 4, Figure 4A). In prediction of EPE, only the

biophenotypic CTCs were statistically significant

(p<0.01, OR=1.383, Table 5). The AUC was 0.72

(p=0.003, 95% CI 0.592–0.847, Table 5, Figure 4B). As

to seminal vesicle invasion, influence factors included the

mesenchymal CTCs subtype, pathological stage, and

Figure 2 Representative images of the three subtypes of CTCs in PCa patients. Epithelial CTC (left): stained with only epithelial molecular markers (red dots), mesenchymal

CTC (middle): stained with only mesenchymal molecular markers (green dots), and biophenotypic CTC (right): stained with both epithelial and mesenchymal molecular

markers (red and green dots). Bars = 5μm.
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biopsy Gleason score (p=0.011, OR=4.353, p=0.027,

OR=2.875, and p=0.038, OR=2.224, respectively,

Table S2). No items were related to lymph node invasion

in the final logistic regression analysis, as only one case

was positive in our cohort and the low detection rate may

not represent the whole population (data not shown).

These results further verified the application value of

EMT CTCs in localized PCa, suggesting the

Table 2 Baseline Characteristics of the Study Population and CTCs According to Different Subgroups

Characteristics Total CTCs P Epithelial CTCs P Biophenotypic CTCs P Mesenchymal CTCs

Positive Negative Positive Negative Positive Negative Positive Negative P

Patients, n(%) 44(55) 36(45) 31(38.8) 49(61.2) 38(47.5) 42(52.5) 10(12.5) 70(87.5)

Age, years 0.81 0.79 0.87 0.97

Mean (SD) 68.4(6.5) 68.8(7.1) 68.3(7.6) 68.7(6.2) 68.7(6.5) 68.5(7.0) 68.6(5.5) 68.6(6.9)

Clinical stage, n(%) 0.02 0.04 0.01 0.41

T 1c 2(2.5) 3(3.8) 2(2.5) 3(3.8) 1(1.3) 4(5) 0(0) 5(6.3)

T 2a 16(20) 21(26.3) 9(11.3) 28(35) 14(17.5) 23(28.6) 4(5) 33(41.3)

T 2b 7(8.8) 4(5) 6(7.5) 5(6.3) 6(7.5) 5(6.3) 2(2.5) 9(11.3)

T 2c 16(20) 7(8.8) 12(15) 11(13.8) 14(17L.5) 9(11.3) 4(5) 19(23.8)

T 3a 3(3.8) 1(1.3) 2(2.5) 2(2.5) 3(3.8) 1(1.3) 0(0) 4(5)

PSA (ng/mL) 0.58 0.10 0.06 0.62

Mean (SD) 24.6(31.8) 13.8(12.1) 25.5(36.6) 16.1(13.7) 21.2(32.8) 15.4(14.5) 18.8(13.6) 19.9(26.7)

Biopsy Gleason score,

n(%)

0.30 0.34 0.08 0.12

≤6 (GG1) 8(10) 8(10) 6(7.5) 10(12.5) 5(6.3) 11(13.8) 2(2.5) 14(17.5)

3 + 4 (GG2) 13(16.3) 11(13.8) 8(10) 16(20) 12(15) 12(15) 0(0) 24(30)

4 + 3 (GG3) 12(15) 12(15) 9(11.3) 15(18.8) 11(13.8) 13(16.3) 4(5) 20(25)

8 (GG4) 4(5) 5(6.3) 2(2.5) 7(8.8) 3(3.8) 6(7.5) 1(1.3) 8(10)

9–10 (GG5) 7(8.8) 0(0) 6(7.5) 1(1.3) 7(8.8) 0(0) 3(3.8) 4(5)

D’Amico risk

classification, n(%)

0.01 0.01 0.00 0.07

Low 2(2.5) 3(3.8) 1(1.3) 4(5) 1(1.3) 4(5) 0(0) 5(6.3)

Medium 11(13.8) 18(22.5) 7(8.8) 22(27.5) 9(11.3) 20(25) 2(2.5) 27(33.8)

High 31(38.8) 15(18.6) 23(28.8) 23(28.8) 28(35) 18(22.5) 8(10) 38(47.5)

Pathological stage, n(%) 0.00 0.08 0.00 0.07

pT2a 7(8.8) 14(17.5) 7(8.8) 14(17.5) 4(5) 17(21.3) 2(2.5) 19(23.8)

pT2b 1(1.3) 2(2.5) 0(0) 3(3.8) 1(1.3) 2(2.5) 0(0) 3(3.8)

pT2c 11(13.8) 15(18.8) 9(11.3) 17(21.3) 9(11.3) 17(21.3) 1(1.3) 25(31.3)

pT3a 17(21.3) 5(6.3) 9(11.3) 13(16.3) 16(20) 6(7.5) 3(3.8) 19(23.8)

pT3b 7(8.8) 0(0) 5(6.3) 2(2.5) 7(8.8) 0(0) 3(3.8) 4(5)

pT4 1(1.3) 0(0) 1(1.3) 0(0) 1(1.3) 0(0) 1(1.3) 0(0)

Prostatectomy

Gleason score, n(%)

0.22 0.72 0.052 0.76

≤6 (GG1) 4(5) 3(3.8) 3(3.8) 4(5) 2(2.5) 5(6.3) 2(2.5) 5(6.3)

3 + 4 (GG2) 14(17.5) 13(16.3) 12(15) 15(18.8) 12(15) 15(18.8) 2(2.5) 25(31.3)

4 + 3 (GG3) 15(18.8) 18(22.5) 10(12.5) 23(28.8) 14(17.5) 19(23.8) 3(3.8) 30(37.5)

8 (GG4) 1(1.3) 2(2.5) 1(1.3) 2(2.5) 1(1.3) 2(2.5) 0(0) 3(3.8)

9–10 (GG5) 10(12.5) 0(0) 5(6.3) 5(6.3) 9(11.3) 1(1.3) 3(3.8) 7(8.8)

Notes: Positive: patients with 1 or more CTCs detected; Negative: patients with no CTCs detected. Gamma test. P value < 0.05 is highlighted in bold.
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biophenotypic subtype was an independent factor and help

to predict OC and EPE, and the mesenchymal subtype was

an independent factor of SVI.

Discussion
In the present study, we verified the limited application value

of Partin table 2017 in a Chinese cohort, identified CTCs

classification with EMT markers in localized PCa. We also

evaluated the clinical significance of these EMTsubtypes and

found EMT CTCs could add value to traditional parameters

in predicting postoperative pathological stage, indicating

a valuable role in localized PCa prediction.

The Partin Tables intended to predict pathologic stage

before RP and help clinicians make a surgical decision.29 But

several studies verified previous Partin Tables were not accu-

rate out of the US. Bhojani et al reevaluated the 2007 Partin

Tables on 3105 patients treated with RP at a single-center

cohort in European institution and found the accuracy of

predicted probabilities to observed rates was poor.6 Another

study assessed three versions of Partin table in the Chinese

population, finding the AUC of organ-confined disease (OC)

was 0.877, 0.788, and 0.726, respectively, and EPE predic-

tion was even lower.30 The possible reason was the different

distribution of clinical characters in these cohorts.31 The

Partin table 2017 is the fifth edition, while few researchers

have evaluated its accuracy. In our study, 76 patients within

stage T2c were joined in the comparison. The prediction

value on OC and EPE was limited, with the AUC of 0.735

(Figure 1A) and 0.578 (Figure 1B) respectively, whichmeans

nearly half of the patients with EPE would be inaccurately

evaluated. Misestimate may lead to inappropriate treatment

choices such as preservation of the neurovascular bundle in

operation. Thus, there is a need for new parameters to help

increase the accuracy in predicting pathological stage of PCa.

CTC detection, liquid biopsy from the peripheral blood

of cancer patients, has been regarded a promising techni-

que for cancer diagnosis and prognostic analysis in recent

years.32 However, due to the low detection rate and

unstable results, its utility in localized PCa remains

unclear. In the past decades, the amount of CTCs in

early stage PCa was determined by distinct equipment

and methods used for collection or detection. In the

1990s, CTCs were discovered by RT-PCR to target the

mRNA of PSA or PSMA in blood.33–35 But results were

inconsistent, because of the different primers used for RT-

PCR and various methodological treatments. Besides, this

method only tests the relative mRNA amount of target

genes and could not count and isolate CTCs from

blood.25 Since 2008, the CellSearch system has been

applied to detect CTCs in PCa.13 However, this methodol-

ogy may underestimate the actual counts because of the

fragmentation of fragile CTCs and enrichment of cells by

the EpCAM marker on the cell surface. Cells with epithe-

lial-to-mesenchymal transition and no longer express

epithelial markers may escape from this EpCAM-based

detection.36 Generally, detection rate of this method was

less than 15% in localized PCa, with no clinical

significance.37–39 A few studies tried to add some 2

times more blood samples for detection, increasing the

positive rate up to 49%, but still could not find clinical

impact of these CTCs.40 As a result, the low sensitivity

and specificity limited its application in early stage

PCa.12,13

Table 3 Correlation Between Clinical Variables and CTCs Number

Characteristics ρ

Total CTCs Epithelial CTCs Biophenotypic CTCs Mesenchymal CTCs

Age −0.001 −0.04 0.005 −0.027

PSA 0.209 0.062 0.247* 0.038

Biopsy Gleason score 0.212 0.135 0.259* 0.193

D’Amico risk classification 0.303** 0.222* 0.33** 0.172

Pathological stage 0.451** 0.196 0.527** 0.239*

Prostatectomy Gleason score 0.18 −0.025 0.29** 0.026

OC −0.478** −0.236* −0.527** −0.227

EPE (SV–, LN–) 0.299** 0.12 0.357** −0.57

SVI 0.313** 0.163 0.343** 0.423**

LNI −0.005 0.081 −0.1 −0.042

Notes: Spearman’s rank correlation; *P<0.05, **P<0.01; ρ, correlation coefficient.

Abbreviations: OC, organ-confined; EPE, extracapsular extension; SVI, seminal vesicle invasion; LNI, lymph node invasion.
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In our study, detection rate of total CTCs reached 55%

(Table 2), because we adopted another detection technique,

of which CTCs were isolated by cell size and deformability.

This detection method simplifies the filter progress, decreas-

ing the loss of CTCs caused by multiple centrifugations and

elution. Meanwhile, multiple epithelial and mesenchymal

RNA-ISH markers were adopted to distinguish the isolated

CTCs, increasing the detection sensitivity.22 With this

method, a small-scale study on 38 localized PCa patients

found that the positivity of CTC reached 63% and tend to

be correlated with high-risk classification, which needs

validation of in a larger sample count.41 Meanwhile, this

study diagnosed EMT CTCs with only two markers, cyto-

keratin for the epithelial subtype and vimentin for the

mesenchymal subtype, respectively, which may decrease

the detection rate. Our study, with a larger cohort of 80

localized PCa patients, verified this assumption. In our

study, CTC positive rate was proved associated with high-

risk classification and pathological stage (Table 2).

In CRPC patients, the biophenotypic CTCs were found to

have a better prognostic value than the epithelial subtype.42

Another study on high-risk PCa found that in CTCs the EMT

Figure 3 The correlation EMT CTC counts with clinical variables. Association of epithelial, biophenotypic, and mesenchymal CTCs with (A) Gleason score, (B) clinical
stage, (C) PSA, (D) D’Amico risk classification, analyzed by Mann–Whitney U-test or Kruskal–Wallis H-test.
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markers were more common than the epithelial markers. In

metastatic castration-sensitive PCa, EMT CTCs at baseline

predicted the effective time of standard ADT.43 Our study

focused on localized PCa patients, suggesting the number of

biophenotypic CTCs was closely related to a series of clinical

variables (Table 3). In the logistic regression analysis on OC,

biophenotypic CTCs and clinical stage were the only two

significant factors, with similar hazard ratio, which means

this mixed subtype CTCs were as important as clinical stage.

The biophenotypic subtypewas once proposed to be a transient

subtype.44 But recent studies showed this phenotype was quite

stable as it had both the epithelial and mesenchymal

plasticity.45,46 Because the biophenotypic phenotype was

found more stem-like than the complete mesenchymal

subtype,47 this mixed phenotype has several advantages in

survival over the epithelial or mesenchymal subtypes under

stress conditions, which maybe the reason of the high ratio of

biophenotypic subtype CTCs in our study.48,49 It was also

noticeable that the biophenotypic phenotype was more com-

mon when isolating EMT CTCs by cell size, suggesting these

results may partly be method-dependent.19,41 In sum, the bio-

phenotypic CTCs were the most valuable subtypes related to

localized PCa. It showed great potential as a biomarker for

judgment of disease status.50

Table 4 Logistic Regression Analysis of OC

Characteristics Univariate Logistic Regression B Multivariate Logistic Regression

HR (95% CI) P value HR (95% CI) P

Age, 0.988 (0.924–1.057) 0.728

Clinical stage 0.479 (0.301–0.763) 0.002 −0.64 0.527 (0.313–0.887) 0.016

PSA level 0.967 (0.936–0.998) 0.037 – 0.353

Prostate volume 0.999 (0.976–1.022) 0.900

Biopsy Gleason score 0.714 (0.483–1.057) 0.092

D’Amico risk classification 0.379 (0.161–0.892) 0.026 – 0.602

Total CTCs 0.715 (0.598–0.854) 0.000 – 0.529

Epithelial CTCs 0.654 (0.454–0.942) 0022 – 0.623

Biophenotypic CTCs 0.57 (0.426–0.762) 0.000 −0.542 0.582 (0.428–0.790) 0.001

Mesenchymal CTCs 0.62 (0.293–1.314) 0.212

Note: P value <0.05 is highlighted in bold.

Abbreviation: OC, organ-confined disease.

Figure 4 ROC curve analysis on the predictive model of OC and EPE. (A) ROC curve analysis of OC:AUC of CTC combined with clinical stage, clinical stage alone, CTC

alone, and Partin table was 0.818, 0.698, 0.788, and 0.735, respectively. (B) ROC curve analysis of EPE:AUC of CTC and Partin table was 0.72 and 0.578, respectively.

Abbreviations: OC, organ-confined; EPE, extracapsular extension.
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In researches on late stage PCa, the mesenchymal CTCs

were the most common and had close association with cancer

progression, regarded as the most promising biomarker to

assess early development of metastases and therapeutic

responses.51 In line with previous reports, the mesenchymal

subtype in our study had a correlation with seminal vesicle

invasion and pathological stage. But no association with PSA,

Gleason score, or lymph node invasionwas found (Table 3). In

the multiple logistic regression analysis on SVI, the mesench-

ymal subtype showed the highest hazard ratio than clinical

stage and biopsy Gleason score Table 2S), in agreement with

the notion that the mesenchymal CTCs have a strong meta-

static potential.52 But as our study focused on localized PCa,

the mesenchymal CTCs were detected in merely ten patients

with a maximum of three cells. The relatively low detection

ratemay be the potential reason for limited clinical value in this

study. Above all, we demonstrated that the biophenotypic

phenotype, but not the mesenchymal or epithelial subtype,

was more suitable for localized PCa.

The wide variation of the Partin table makes it unstable

to predict stage before surgery in other populations except

the US. The EMT subtype CTCs were novel clinical para-

meters. We intended to add CTCs to traditional clinical

variables to build a new approach to predict pathological

stage. Through logistic regression, the biophenotypic

CTCs as well as clinical stage were finally screened out

that associated with OC. The AUC of this prediction

model was 0.818, which was superior to the Partin table

2017 (Figure 4). The AUC of the EPE prediction model

was elevated to from 0.578 to 0.72. But this prediction

model has not been verified in other populations. Above

all, the EMT CTCs showed promising application value,

while larger-scale researches are needed for further

improvement.

In summary, our prospective study showed that the

biophenotypic CTCs, rather than the epithelial or

mesenchymal subtypes, were closely correlated with

PSA, Gleason score, and pathological stage in localized

PCa. Given its potential to assist in tumor staging, the

biophenotypic CTCs were added to a model to predict

organ-confined disease before surgery, which was proved

superior to the Partin table 2017 in our cohort. This study

highlights the clinical impact of the biophenotypic CTCs

in localized PCa.

However, there were some limitations in this study.

CTCs were detected only once in each patient. Besides, it

was a singe center research with a cohort of 80 people.

A multicenter, larger-scale cohort study is needed to further

verify our conclusion and improve the predictive accuracy.
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