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Purpose: The presence of circulating tumor cells (CTC) in patients with renal cell
carcinoma (RCC) has potential diagnostic and prognostic significance. We previously
applied the CellSearch system (CSS) and the isolation by size of epithelial tumor cells
(ISET) method to detect CTCs in RCC patients, and analysis of the 3-year follow-up data
indicated that CTC detection correlated significantly with the clinical stage of RCC. The
present study aimed to determine the longer-term clinical value of CTC detection for
evaluating prognosis in RCC patients.

Methods: The present study included 37 RCC patients and 22 healthy individuals
who were followed up for 5 years after CTC detection using the CSS and ISET methods.
Relevant clinical pathological characteristics were recorded, and patient prognosis
was examined by calculating progression-free survival (PFS) and overall survival (0S).
Correlations between CTC detection and relevant factors were analyzed.

Results: The CTC detection rates were 18.92% (7/37) with the CSS and 35.14%
(13/37) with ISET in the RCC patients. CTC detection by ISET, but not by the CSS,
correlated with clinical tumor node metastasis stage, tumor size and International
Metastatic RCC Database Consortium score. However, CTC detection by either method
showed no correlation with the PFS or OS of RCC patients.

Conclusion: The CTC detection rate using ISET was higher than that with the CSS.
Thus, CTC detection by ISET can serve as a useful supplement to the clinical staging
of RCC, although CTC detection by either method did not correlate with the 5-year
prognosis of the patients.

Keywords: Renal Cell Carcinoma; Circulating Tumor Cell; CellSearch; Isolation by Size of
Epithelial Tumor Cells; Prognosis

Abbreviations: CTC: Circulating Tumor Cells; RCC: Renal Cell Carcinoma; CSS: CellSearch
System; ISET: Isolation by Size of Epithelial Tumor Cells; PFS: Progression-Free Survival;
0S: Overall Survival; TNM: Tumor Node Metastasis; KPS: Karnofsky Performance Scale;
IMDC: International Metastatic RCC Database Consortium; AKP: Alkaline Phosphatase;
LDH: Lactate Dehydrogenase; EpCAM: Epithelial Cellular Adhesion Molecule; CTM:
Circulating Tumor Microemboli; EMT: Epithelial-to-Mesenchymal Transition; CK:
Cytokeratin; MET: Mesenchymal-to-Epithelial Transition

Introduction

Renal cell carcinoma (RCC) arises from the epithelial lining
of renal tubules and is the most common renal malignancy,
accounting for approximately 85% of all renal malignancies. It is

also the second most common urinary tract tumor after bladder

cancer in the field of urology. Although gradual advancements
in the early detection rate of RCC have been made, about 30%
of patients have metastatic lesions at the time of diagnosis, and
20%-40% of patients with RCC will experience local recurrence or
distant metastasis after treatment [1]. Hematogenous metastasis
is a common mechanism of RCC metastasis to distant organs and
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an important cause of the poor prognosis of RCC [2]. Circulating
tumor cells (CTCs) are an important medium for the metastasis of
RCC [3]. These cells separate from the primary lesion or metastatic
lesions and enter the circulatory system via peripheral blood [4].
Early research found that 31% of metastatic RCC patients with a
high baseline level of CTCs will die within 2 years, excluding other
factors [5].

With the development of modern molecular biology and medical
detection approaches, CTCs are increasingly becoming a hot topic
in tumor metastasis research as important biomarkers for cancer
diagnosis, treatment response, and postoperative recurrence [6,7].
Specifically, multiple studies have investigated the roles of CTCs in
RCC metastasis and prognosis [3,8]. CTCs have shown significance
in the clinical staging and auxiliary diagnosis of RCC [9]. Studies
have also demonstrated a relationship between the CTC detection
value and tumor node metastasis (TNM) staging of RCC [10,11].
Nayak, et al. suggested that the baseline CTC level in RCC patients
is an important predictor of progression-free survival (PFS) [12].
Bluemke, et al. found that the presence of CTCs is significantly
correlated with the overall survival (0S) of RCC patients after CTC
detection. In their earlier work, Nayak, et al. showed that CTCs are
the main culprit for the poor therapeutic effect of targeted tyrosine
kinase therapy in patients with metastatic RCC, providing insight
for improved drug treatment of renal cancer [6].

Although the detection of CTCs in peripheral blood has been
clinically applied in some cancer types, such as breast cancer
and prostate cancer, research on detection methods for CTCs in
the peripheral blood of RCC patients is relatively scarce, and the
success rates of CTC isolation in these patients has been low [13-
15]. Currently, reported methods for CTC detection in RCC include
RT-PCR, the CellSearch system (CSS), immunomagnetic bead
sorting (MACS), size-based exclusion, flow cytometry, microfluidic
chip capture, and many other methods, and the most commonly
used detection methods are isolation by size of epithelial tumor
cells (ISET) and the CellSearch system (CSS) [6,16]. The CSS is the
only FDA-approved method for using CTC detection to monitor
treatment efficacy and evaluate prognosis in breast, prostate,
colorectal and other cancers in the United States [17]. Allard, et
al. first reported that the CSS showed high CTC detection rates in
breast cancer, colorectal cancer and other cancers, but the detection
rate of CTCs in the peripheral blood of RCC patients was only 25%
[18]. Moreover, in the Han population, the CTC detection rate in the
peripheral blood of RCC patients may be as low as 12.5% [19].

In 2014, our research group reported CTC detection in
peripheral blood samples from 40 patients with renal cancer using
CTC-biopsy and the Celltracks® Autoprep® automatic detection
system [10]. In our later study in 2017, we found that CTC detection
by ISET correlated with clinical TNM stage, while CTC detection by
CSS did not. Moreover, CTC detection by both approaches showed
no correlation with OS or PFS. However, the duration of follow-up

was short, and some clinical data were missing. The correlation
between CTC detection and the prognosis of patients and its
guiding significance for clinical treatment of RCC warrants further
investigation. In the present study, CTC detection was performed
using the CSS and ISET for 37 patients with renal cancer, who were
then followed up for at least 5 years to assess prognosis based on
0S and PFS. Here, we present the preliminary findings and discuss
the correlation between CTC detection results and the clinical
pathological characteristics and prognosis of RCC patients. This
study can serve as a reference for the treatment of patients with
RCC.

Research Design and Methods
Study Participants

From May 2014 to December 2014, a total of 37 patients who
were diagnosed with RCC in the Shandong Cancer Hospital were
enrolled in this study. The main inclusion criteria were:

1) Age >18years;

2) Diagnosis of RCC by pathological examination;

3) Initial treatment; and

4)  An Eastern Cooperative Oncology Group (ECOG) score <2.

Patients with benign renal tumors were excluded from this
study. Blood samples were collected from 22 healthy volunteers for
a negative control group. For these volunteers, abnormal liver and
kidney function was excluded by laboratory examinations, and RCC
was excluded by imaging examination. All participants provided
informed consent. Patient’s baseline characteristics were recorded,
including gender, age, Karnofsky Performance Scale (KPS) score,
International Metastatic RCC Database Consortium (IMDC) score
and the results from hematological examination (platelet count,
hemoglobin level, neutrophil count, blood calcium level, alkaline
phosphatase [AKP] level, and lactate dehydrogenase [LDH] level)
and pathological examination (pathological stage, tumor size, TNM

stage, and other clinical pathological factors).

Blood Sample Collection

Peripheral blood samples were collected following procedures
reported previously [10]. Briefly, 14 ml of venous blood was
collected into a tube containing an anticoagulant and then divided

equally into two parts for CSS and ISET analyses.

CTC Detection Using the CSS

The CSS is a cell enrichment system based on the expression
of the cell surface antigen epithelial cellular adhesion molecule
(EpCAM). In the process of detection, CTCs and white blood cells in
the blood samples of patients were first enriched using a magnetic
fluid containing anti-EpCAM antibody, and then the enriched
cells were labeled with CK8/18/19 antibody and CD45 antibody,
respectively. DAPI (4',6-diamidino-2-phenylindole) was used for
nuclear staining. Finally, the screened EpCAM+/CK+/DAPI+/CD45-
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cells were labeled as CTCs. The CSS analyses were performed by a
collaborating research group at Shanghai Dingjing Company, which
has testing qualifications granted by Johnson & Johnson Company
(USA). All procedures were completed by trained technicians in

strict accordance with the manufacturer’s operating standards.

CTC Detection by ISET

The ISET approach is a method to separate CTCs from
peripheral blood based on the physical characteristic of cell size.
Our research group has developed a CTC detection system based
on ISET technology with independent intellectual property rights
through a large number of clinical experiments. Briefly, blood
samples are fixed by 0.2% formaldehyde and then filtered through
a porous membrane with a pore size of 8 um. The remaining cells
are stained with Romanowsky stain. The morphological criteria for
CTCs/circulating tumor microemboli (CTM) are as follows:

(i) Irregular chromatin staining;
(ii) Nuclear size >18 pm in diameter;
(iii)

(iv) Thickened and wrinkled nuclear membrane; and

Nuclear-cytoplasmic ratio >0.8;

(v) Adherence of multiple CTCs to form CTM. Only cells with
4 or more of these features are classified as CTCs/CTM. All images

were analyzed and re-analyzed by three experienced pathologists.
Follow-Up

The 37 RCC patients in this study were followed up every three
Results
Baseline Characteristics of Patients

Table 1: Baseline characteristics of patients.

months for at least 5 years after CTC detection. Follow-up included
regular re-examination of patients, recurrence and metastasis, and
the time of recurrence, time of death, DFS and OS were recorded.
The final telephone follow-up was performed in January 2021 or
when a patient had died. PFS was defined from the time the patient
was tested for CTCs to the time when RCC progression occurred,
or the patient died. OS was defined from the time the patient was
tested for CTCs until the patient died from any cause.

Statistical Analysis

SPSS 26.0 software was used for all statistical processing of the
experimental data. Average values between the groups with and
without CTCs were compared by t test, and rates were compared
between the groups by the test or Fisher’s exact probability
method. Values of P <0.05 indicated statistical significance. Data for
continuous variables are presented as mean * standard deviation.
The t test was used for analysis of continuous data that conformed
to normal variance, while the non-parametric test was used for
continuous data that did not conform to normal variance. Data for
categorical variables are expressed as frequencies (percentages),
and differences in these data were tested using the chi-square test
or Fisher’s exact probability method (when 1/5 of the tables had
theoretical frequencies <5 or at least 1 theoretical frequency <1).
Survival curves were generated using the Kaplan-Meier method.
The log-rank test was used to analyze the survival data and calculate
corresponding P values. Cox proportional risk regression model
was used to analyze and evaluate the prognostic factors. P<0.05
indicated that a difference was statistically significant.

Characteristics (N=37)

Age (Years) Median (range)

57.3+9.13 (33-72)

Sex, n (%)
Male 29 (78.38)
Female 8 (21.62)

KPS Score, Median (range)

90.77+ 8.39 (70-100)

Platelet Count, x10°/L, Median (range)

245.3 + 80.36 (114-495)

Hemoglobin, g/L, Median (range)

137.2 +18.58 (95-168)

Neutrophil Count, x10°/L, Median (range)

6.59 +2.43 (3.07-10.88)

Ca, mmol/L, median (range)

2.74 £ 0.21 (1.89-2.98)

AKP, U/L, Median (range)

87.5 +48.90 (33-330)

LDH, U/L, Median (range)

156.5 +101.04 (98-522)

TNM Stage, n (%)

I 16 (43.24)
I 2 (5.41)
I 7 (18.92)
v 12 (32.42)
T Stage, n (%)
T1 17 (45.95)
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T2 4 (10.81)
T3 15 (40.54)

T4 1(2.70)

Tumor Size, n (%)

<4 cm 10 (27.03)
4-9.9 cm 20 (54.05)

210 cm 7 (18.92)

Lymph Node Metastasis, n (%)
Yes 4 (10.81)
No 33 (89.19)
Distant Metastasis, n (%)
Yes 10 (27.03)
No 27 (72.97)
IMDC Grade, n (%)

1 21 (56.76)
2 11 (29.73)

3 4 (10.81)

4 1(2.70)
1+2 32 (86.49)

3+4 5 (13.51)

Note: KPS: Karnofsky Performance Scale; Ca: Calcium; AKP: Alkaline Phosphatase; LDH: Lactate Dehydrogenase; IMDC: International Metastatic

RCC Database Consortium.
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Figure 1: CTC detection by ISET. Representative cellular morphological results for CTCs/CTM detected in the peripheral
blood of patients with RCC. Cells isolated by ISET were stained with Romanowsky stain. Cells from healthy controls showed
a normal cellular size and morphology (left), and those from RCC patients showed an irregular nuclear shape and abnormally
large nuclei (right). Scale bar: 20 pm.

DAPI/CK-PE CK-PE DAPI ]
n n
Figure 2: CTC detection results by CSS. Representative cellular staining results of CTCs detected in the peripheral blood of

patients with RCC. EpCAM-positive cells were co-stained with fluorescently labeled CK and CD45 antibodies, and nuclei
were stained with DAPI. CK+/DAPI+/CD45- cells were considered as CTCs (upper).
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The baseline demographic and clinical characteristics of the 37
included RCC patients are presented in Table 1. These 37 patients
included 34 cases of renal clear cell carcinoma, 2 cases of papillary
cell carcinoma, and 1 case of chromophobe cell carcinoma. Notably,
the majority of patients were male (78.38%) and had good KPS
scores. Distant metastasis occurred in 10 (27.03%) patients, and
lymph node metastasisin 4 (10.81%) patients. The study population
included RCC cases of all TNM stages, T stages, and IMDC grades, as
well as tumors distributed across three size ranges (<4 cm, 4-9.9
cm, and 210 cm).

CTC Detection by ISET Versus CSS

The CTC detection rates among the 37 patients were 35.14%
(13/37) using the ISET approach (Figure 1) and 18.92% (7/37)
using the CSS (Figure 2). Additionally, CTM were detected only

Correlation between CTC Detection Using the CSS and
Pathologic Factors in RCC Cases

We next investigated correlations between the presence
of detectable CTCs and clinical pathological features. By using
independent sample ttest, testand other methods for data analysis,
it was found that CTC detection in the peripheral blood of 37 RCC

by ISET and not by the CSS. Statistical analysis using a paired t
test showed that the CTC detection rate by ISET was significantly
higher than that by the CSS (P<0.05). However, the chi-square test
did not show a significant difference in the detection rates for the
two methods (P>0.05), but the kappa value of 0.072 indicated poor
consistency between the two detection methods (Table 2). No CTCs
were detected in peripheral blood samples from healthy controls
using either method (Figures 1 & 2).

Table 2: Comparison of CTC detection by CSS and ISET.

ISET
CSS Total P Kappa
Positive | Negative
Positive 3 4 7 0.180 0.072
Negative 10 20 30
Total 13 24 37

patients using the CSS correlated with none of the following factors:
age, gender, KPS score, pre-treatment platelet count, pre-treatment
hemoglobin level, pre-treatment neutrophil count, pre-treatment
serum calcium level, pre-treatment AKP level, pre-treatment LDH
level, pathological stage, TNM stage, tumor size, IMDC score or
IMDC classification score (1-2 was classified as low-risk group, 3-4
was classified as high-risk group) (Table 3).

Table 3: Correlation between CTC detection by CSS and pathologic factors in RCC cases.

Presence of CTCs Using CSS
N=37 Positive Negative P
Age (Years), Median+SD 37 61.57+7.68 55.30£8.91 0.095
Sex, n (%) 1.000
Male 29 (78.38) 6 (16.22) 23 (62.16)
Female 8(21.62) 1(2.70) 7 (18.92)
ECOG, n (%) 1.000
0 35 (94.60) 7 (18.92) 28 (75.68)
1 1(2.70) 0(0.00) 1(2.70)
2 1(2.70) 0 (0.00) 1(2.70)
Platelet Count, x10°/L, Median+SD 269.86+61.04 256.00+87.74 0.696
Hemoglobin, g/L, Median+SD 132.57+15.164 136.97+19.60 0.583
Neutrophil Count, x10°/L, Median+SD 5.01+1.83 4,15+1.69 0.242
Serum Calcium, mmol/L, Median+SD 2.40+0.169 2.36+0.178 0.561
AKP, U/L, Median+SD 90.57+39.71 106.33+61.76 0.526
LDH, U/L, Median+SD 241.86+177.03 172.07+73.71 0.326
TNM Stage, n (%)
I 16 (43.24) 1(2.70) 15 (40.54) 0.164
Il 2 (5.40) 1(2.70) 1(2.70)
11 7 (18.92) 1(2.70) 6(16.22)
v 12 (32.43) 4(10.81) 8 (21.62)
Total 37 (100.00) 7 (18.92) 30 (81.08)
I-11 18 (48.65) 2 (5.40) 16 (43.24) 0.405
[I-1V 19 (51.35) 5(13.51) 14 (37.84)
T Stage, n (%) 0.217
T1 17 (45.95) 2 (5.40) 15 (40.54)
T2 4(10.81) 1(2.70) 3(8.11)
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T3 15 (40.54) 3(8.11) 12 (32.43)
T4 1(2.70) 1(2.70) 0 (0.00)
Lymph Node Metastasis, n (%) 1.000
No 33(89.19) 6 (16.22) 27 (72.97)
Yes 4(10.81) 1(2.70) 3(8.11)
Distant Metastasis, n (%) 0.360
No 27 (72.97) 4(10.81) 23 (94.60)
Yes 10 (27.03) 3(8.11) 7 (18.92)
Tumor Size, n (%) 0.852
<4cm 10 (27.03) 1(2.70) 9 (24.32)
4-9.9 cm 20 (54.05) 5(13.51) 15 (40.54)
>10 cm 7 (16.22) 1(2.70) 6(18.92)
IMDC Score, n (%)
1 21 (56.76) 3(8.11) 18 (48.65) 0.581
2 11 (29.73) 3(8.11) 8(21.62)
3 4(10.81) 1(2.70) 3(8.11)
4 1(2.70) 0 (0.00) 1(2.70)
Total 37 (100.00) 7(18.92) 30 (81.08)
1-2 32 (86.49) 6(16.22) 26 (70.27) 1.000
3-4 5(13.51) 1(2.70) 4(10.81)

Correlation between CTC/CTM Detection by ISET and
Pathologic Factors in RCC Cases

Among the 37 RCC patients in this study, CTCs were detected
by ISET in 13 patients, and CTM in 4 patients. Data analysis using

detection by ISET correlated significantly with the pathological

stage, tumor size and IMDC classification score of the patients (all

independent sample t-test, testand other methods found that CTC

Table 4: Correlation between CTC detection by ISET and pathologic factors in RCC cases.

P<0.05) but showed no correlation with other pathologic factors
(all P>0.05; Table 4). CTM detection by ISET correlated only with
the baseline LDH level (P<0.05; Table 5).

Presence of CTCs by ISET
N=37 Positive Negative P
Age (Years), Median+SD 37 56.69+10.086 56.38+8.495 0.920
Sex, n (%) 0.413
Male 29 (78.38) 9 (24.32) 20 (54.05)
Female 8(21.62) 4(10.81) 4(10.81)
ECOG n (%) 0.586
0 35 (94.60) 12 (32.43) 23 (62.16)
1 1(2.70) 1(2.70) 0 (0.00)
2 1(2.70) 0(0.00) 1(2.70)
Platelet Count, x109/L, Median+SD 256.2492.0 262.5+80.9 0.832
Hemoglobin, g/L, Median+SD 130.92+£21.411 138.96+£16.918 0.218
Neutrophil (,:Olmt' *109/L, 4.01+1.58 4.48+1.81 0.432
Median+SD
Serum Calcium, mmol/L,
Median+SD 2.4077+0.2263 2.3458+0.14 0.311
AKP, U/L, Median+SD 122.23+70.53 93.125+48.74 0.148
LDH, U/L, Median+SD 207.92+133.70 173.00+80.34 0.326
TNM Stage, n (%)
| 16 (43.24) 2 (5.40) 14 (37.84) 0.022
11 2 (5.40) 0(0.00) 2 (5.40)
11 7 (18.92) 4(10.81) 3(8.10)
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v 12 (32.43) 7 (18.92) 5(13.51)
Total 37 (100.00) 13 (35.14) 24 (64.87)
I-11 18 (48.65) 2 (5.40) 16 (43.24) 0.005
[I-1v 19 (51.35) 11 (29.73) 8(21.62)
T Stage, n (%) 13 (35.14) 24 (64.87) 0.093
T1 17 (45.95) 3(8.10) 14 (37.84)
T2 4(10.81) 2 (5.40) 2 (5.40)
T3 15 (40,54) 7 (18.92) 8(21.62)
T4 1(2.70) 1(2.70) 0 (0.00)
Lymph Node Metastasis, n (%) 0.140
No 33(89.19) 13 (35.14) 19 (51.35)
Yes 4(10.81) 0(0.00) 5(13.51)
Distant Metastasis, n (%) 0.118
No 27 (72.97) 7 (18.92) 20 (54.05)
Yes 10 (27.02) 6(16.22) 4(10.81)
Tumor Size, n (%) 0.012
<4cm 10 (27.02) 0 (0.00) 10 (27.02)
4-9.9 cm 20 (54.05) 9 (24.32) 11 (29.73)
>10 cm 7(18.92) 4(10.81) 3(8.10)
IMDC Score, n (%)
1 21 (56.76) 7 (18.92) 14 (37.84) 0.096
2 11 (29.73) 2 (5.40) 9 (24.32)
3 4(10.81) 3(8.10) 1(2.70)
4 1(2.70) 1(2.70) 0 (0.00)
Total 37 (100.00) 13 (35.13) 24 (64.86)
1-2 32 (86.49) 9 (24.32) 23 (62.16) 0.042
3-4 5(13.51) 4(10.81) 1(2.70)
Table 5: Correlation between CTM detection by ISET and pathologic factors in RCC cases.
Presence of CTM by ISET
N=37 Positive Negative P
Age (Years), Median+SD 37 50.50+12.34 57.21+8.41 0.159
Sex, n (%) 0.198
Male 29 (78.38) 2 (5.40) 27 (72.97)
Female 8 (21.62) 2 (5.40) 6 (16.21)
ECOG, n (%) 1.000
0 35 (94.59) 4 (10.81) 31 (83.78)
1 1(2.70) 0 (0.00) 1(2.70)
2 1 (2.70) 0 (0.00) 1(2.70)
Platelet Count, x10°/L, MediantSD 244.75+59.23 260.30+85.754 0.728
Hemoglobin, g/L, Median*SD 134.25+18.118 136.36+19.062 0.835
Neutrophil Count, x109/L, Median+SD 3.073+0.700 4.467+1.756 0.129
Serum Calcium, mmol/L, MediantSD 2.385+0.113 2.365+0.182 0.836
AKP, U/L, Median+SD 99.75+25.42 103.79+61.10 0.898
LDH, U/L, Median+SD 280.25+159.84 173.76+89.47 0.047
TNM Stage, n (%)
I 16 (43.24) 1(2.70) 15 (40.54) 0.727
I 2 (5.40) 0 (0.00) 2 (5.40)
I 7 (18.91) 1 (2.70) 6 (16.21)
v 12 (32.43) 2 (5.40) 10 (27.02)
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Total 37() 13 (35.14) 24 (64.86)
I-1I 18 (48.65) 1(2.70) 17 (45.95) 0.604
-1V 19 (51.35) 3 (8.10) 16 (43.24)
T Stage, n (%) 4 (10.81) 33 (89.19) 0.389
T1 17 (45.95) 1(2.70) 16 (43.24)
T2 4(10.81) 1 (2.70) 3 (8.10)
T3 15 (40.54) 2 (5.40) 13 (35.14)
T4 1(2.70) 0 (0.00) 1(2.70)
Lymph Node Metastasis, n (%) 1.000c
No 33 (89.19) 4 (10.81) 29 (78.38)
Yes 4 (10.81) 0 (0.00) 4 (10.81)
Distant Metastasis, n (%) 0.291
No 27 (72.97) 2 (5.40) 25 (67.57)
Yes 10 (27.02) 2 (5.40) 8 (21.62)
Tumor Size, n (%) 0.497
<4 cm 10 (27.02) 0(0.00) 10 (27.02)
4-9.9 cm 20 (54.05) 3 (8.10) 17 (4.95)
>10 cm 7 (18.92) 1(2.70) 6 (16.21)
IMDC Score 3 (8.10) 18 (48.65) 0.373
1 21 (56.76) 0(0.00) 11 (29.73)
2 11 (29.73) 1(2.70) 3(8.10)
3 4 (10.81) 0 (0.00) 1(2.70)
4 1(2.70) 13 (35.13) 24 (64.86)
Total 37 (100.00) 3 (8.10) 29 (78.38) 0.456
1-2 32 (86.49) 1(2.70) 4 (10.81)
3-4 5 (13.51) 3(9.10) 18 (48.65) 0.373
Correlation between CTC Detection and Prognosis of RCC Patients
Table 6: Correlation between CTC detection and RCC prognosis.
Factors HR 95% CI P
(015)
Presence of CTCs (by CSS)
>1 1.187 0.326-4.316 0.795
<1 1
Presence of CTCs (by ISET)
>1 1.45 0.473-4.442 0.516
<1 1
Presence of CTM (by ISET)
>1 0.76 0.099-5.848 0.792
<1 1
PES
Presence of CTCs (by CSS)
>1 1.031 0.287-3.698 0.963
<1 1
Presence of CTCs (by ISET)
>1 2.012 0.695-5.822 0.197
<1 1
Presence of CTM (by ISET)
>1 0.741 0.097-5.670 0.773
<1 1
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A total of five patients were lost to follow-up in 5 years, for a
loss to follow-up rate of 13.51% (5/37). For the 32 RCC patients
included in the final survival analyses, Cox regression analysis and
univariate analysis showed no correlation between CTC detection
by either method and the 5-year PFS or OS (P>0.05; Table 6).

Correlation between Therapy Methods and Prognosis of
RCC Patients

The 32 patients included in the final survival analyses were

Table 7: Correlation between therapy methods and prognostic indicators.

treated using the following methods: surgery + targeted therapy in
10 patients (25.00%, 8/32), surgery + interleukin-2 in 24 patients
(65.63%, 21/32), surgery + observation in 1 patient (3.13%, 1/32),
transcatheter arterial embolization in 1 patient (3.13%, 1/32), and
Traditional Chinese Medicine in 1 patient (3.13%, 1/32). Univariate
analysis of treatment modality and prognostic indicators (5-year
PFS and 5-year OS) demonstrated a high correlation between
treatment modality and patient prognosis (P<0.05; Table 7).

Independent Factors Univariate Analysis Multivariate Analysis
HR 95% CI P HR 95% CI P
CTCs (ISET) (Positive/Negative) 2.012 0.695-5.822 0.197 2.419 0.280-20.880 0.422
CTCs (CSS) (Positive/Negative) 1.031 0.287-3.698 0.963 0.332 0.065-1.707 0.187
CTM (ISET) (Positive/Negative) 0.741 0.097-5.670 0.773 0.943 0.117-7.579 0.956
Therapy Method
it/ o | oo |
Table 8: Correlation between CTC detection and prognosis.
Independent Factors Univariate Analysis Multivariate Analysis
HR 95% CI P HR 95% CI 17
CTCs (ISET) (Positive/Negative) 1.45 0.473-4.442 0.516 2.35 0.271-20,363 0.438
CTCs (CSS) (Positive/Negative) 1.187 0.326-4.316 0.795 0.228 0.040-1.306 0.097
CTM (ISET) (Positive/Negative) 0.76 0.099-5.848 0.792 1.294 0.162-10.351 0.808
Therapy Method
Operative and Targeted Therapy/
( Opperative and Imimnotherapr;}), 0.02 0.002-0-164 0

Correlation of CTC Detection by ISET or with the CSS with
Therapy Methods and Prognosis of RCC Patients

Finally, dual-factor and Cox analysis of the correlation of CTC/
CTM detection by ISET or CSS with the treatment methods and
5-year PFS/0S suggested found no significant correlation (P>0.05;
Table 8).

Discussion

Hematogenous metastasis is the main route of RCC metastasis,
and studies have shown that CTCs play an important role in the
process of tumor metastasis [20,21]. At present, CTCs are used
as a form of “liquid biopsy” for assessment of the risks of tumor
metastasis and recurrence, for real-time evaluation of the response
to therapy, for understanding the blocking mechanism of tumor
targeted therapy, and for monitoring cancer progression [22], but
the specific role of CTCs in the process of tumor metastasis remains
to be further elucidated.

In 2014, our

examination of blood samples from 22 healthy volunteers who

research group performed hematology

were confirmed to be tumor-free and searched for CTCs in the
peripheral blood by ISET and using the CSS. No tumor cells were
found in the blood of healthy individuals. In the same year, we

applied the same techniques to detect CTCs in peripheral blood
samples from 37 patients with RCC. Peripheral blood samples from
each patient were used for CTC detection by both ISET and the CSS.
We found that the CTC/CTM detection rate with the ISET approach
was 35.14% (13/37), which was higher than that achieved with
the CSS (18.92%, 7/37; P<0.05). Moreover, the ISET method could
detect CTM, whereas the CSS method could not. We believe that
these differences in detection may be attributable to differences in
the detection principles between the two technologies. Epithelial-
to-mesenchymal transition (EMT) is a biological process in which
epithelial cells transform into cells with a mesenchymal phenotype
through a specific process [23].

Research has suggested that tumor cells derived from
epithelial cells must undergo EMT to acquire the ability to detach
from the primary tumor, enter the blood circulation, detach from
blood vessels, and form new secondary foci [24]. Cells that have
undergone EMT show down-regulated expression of epithelial
genes, such as EpCAM, E-cadherin and cytokeratin (CK) and exhibit
reduced integral protein-mediated adhesion to extracellular
matrix, facilitating their entry into the blood circulation [25].
In addition, EMT can lead to increased expression of interstitial
genes, such as elastin and matrix metalloproteinases, thereby
promoting the dissolution and destruction of extracellular matrix
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and promoting cell metastasis [26]. However, tumor cells have been
shown to break through the vascular basement membrane and
colonize locally to form new metastatic tumors, after which they
undergo mesenchymal-to-epithelial transition (MET) to regain
the characteristics of epithelial cells and proliferate to form tumor

metastases [27].

The CSS detection system is a cell enrichment technology based
on the cell markers EpCAM and CK, which may explain the relatively
low CTC detection rate for this method in patients with RCC. In
2013, Zhang, et al. used the CSS to detect CTCs in peripheral blood
samples from eight patients with renal cancer, and no CTCs were
found. However, in 2011, Gradilone, et al. used the same system to
detect CTCs in peripheral blood of 25 patients with renal cancer
and found CTCs in samples from four patients (16%, 4/25) [28].
In summary, we believe that the low EpCAM and CK expression
levels on CTCs in the peripheral blood of RCC patients contributed
to the low detection rate achieved with the CSS detection system
in renal cancer, resulting in the large number of false negative
results. We propose that the detection rate with the ISET method
was significantly higher than that with the CSS, because the ISET
detection process does not depend on the expression of cell surface
markers and is not significantly affected by EMT.

CTM form via a type of tumor cell adhesion among CTCs that
occurs via cadherin-mediated tumor adhesion molecules and the
junction proteins secreted by tumor cells. CTM is more invasive
than CTCs [28], and the high invasivity of CTM is attributed to the
complex cellular composition of CTM, which includes platelets,
immune cells, fibroblasts, and other cell types in addition to CTCs
[29]. Previous research showed that CTM in the peripheral blood
of tumor patients undergo extensive EMT [30]. Platelets mediate
the adhesion of CTM to the vascular endothelium and promote
its extravasation. Platelets also can simultaneously release
transforming growth factor § (TGF-B) and induce EMT of CTM
[31]. Notably, detection techniques based partly on the expression
of epithelial markers, such as the CSS, cannot detect CTM in the
peripheral blood of tumor patients. In the present study, CTM were
found in the peripheral blood of four RCC patients using the ISET
approach, but the CSS failed to detect CTM in the peripheral blood
in RRC patients, which was consistent with the results of previous
studies.

In summary, we believe that the differing detection rates
between the two technologies is mainly related to their detection
principles. The ISET technique isolates CTCs according to cell size,
and thus, the results are not influenced by changes in the expression
of epithelial markers. However, the CSS cannot detect CTCs or CTM
with EMT changes, while the ISET technology remains feasible.
Further research is needed to investigate additional reasons for
the low CTC detection rate in the peripheral blood of RCC patients.
This study showed that CTCs and CTM detection by ISET as well
as using CSS technology had no correlation with the 5-year PFS

and OS of RCC patients. Considering the small sample size of this
study and the high rate of loss to follow-up (13.51%), future studies
with a larger sample size are needed to confirm the benefits of CTC
detection in RCC.
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