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Abstract: Objective: To evaluate the correlation of circulating tumor cells (CTCs) and mesenchymal CTCs (M-CTCs)
with clinical characteristics and survival of patients with urologic malignancies. Methods: The clinical data of 52 pa-
tients with urinary system malignancy in Henan Provincial People’s Hospital were retrospectively analyzed (40 cases
of renal malignant tumor, 7 cases of prostate cancer, 3 cases of urothelial carcinoma, 1 case of testis cancer, and
1 case of penile cancer). The CTC counts of patients were collected, and the expression of epithelial-mesenchymal
transition phenotype in CTCs was evaluated. The relationship of different types of CTC counts with tumor stage,
location, size, metastasis, and differentiation, as well as their effect on progression-free survival (PFS) were ana-
lyzed. Results: We detected CTCs in all patients with urinary system malignancy. The positive rates of epithelial CTCs
(E-CTC), M-CTCs, and epithelial/mesenchymal CTCs (E/M-CTCs) were 34.62%, 26.92% and 94.23%, respectively.
Total CTCs (T-CTCs), M-CTCs and E/M-CTCs were correlated with distant metastasis (Z=-3.052, -3.574, -2.898; all
P<0.005). M-CTC count was correlated with lymph node metastasis (Z=-3.125; P=0.002). Furthermore, the pres-
ence of T-CTCs >13.5, M-CTC >0.5 or E/M-CTCs >9.5 per 5 ml of blood was correlated with worse PFS in patients
with urinary system malignancy. Conclusions: M-CTC and E/M-CTC counts correlate with the prognosis of patients
with urinary system malignancy. Higher M-CTC and E/M-CTC counts are risk factors for worse prognosis in patients
with urinary system malignancies. All in all, M-CTC count is a valuable tumor biomarker for urologic malignancies.
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Introduction

Circulating tumor cells (CTCs) are shed from
primary or metastatic tumor lesions into the
blood or lymphatic circulation [1]. After shed-
ding from the primary lesions and entering the
blood circulation, CTCs are subjected to the
fluid shear stress of circulating blood and the
killing effect of immune cells such as T cells
and natural killer cells. Most CTCs die in this
process, but a few CTCs achieve immune
escape by modifying their surface antigens and
changing the microenvironment around the
cells, thereby surviving in the blood and chang-
ing the proportion of cells in the circulation [2].
Current studies have found that CTCs undergo
epithelial-mesenchymal transition (EMT) in
vivo. In one study, multiplex RNA in situ hybrid-
ization was used to classify CTCs enriched in
the peripheral blood from breast carcinoma

patients into epithelial (E-CTC), mesenchymal
(M-CTC) and epithelial/mesenchymal (E/M-
CTC) types according to the expression of diff-
erent epithelial and mesenchymal markers. It
was found that M-CTCs were more related to
tumor progression and treatment tolerance [3].
M-CTCs have been confirmed to go hand in
hand with the proliferation and metastasis of
tumor cells, which can make tumor cells break
through the basement membrane of vascular
epithelium, thus showing stronger invasiveness
and migration [4]. Studies have shown that
analysis of the EMT phenotype of CTCs is of
high value in assessing the prognosis of non-
metastatic and metastatic malignancies [5-7].

Urinary system tumors mainly include bladder
cancer, ureteral cancer, kidney tumor, renal pel-
vis cancer, and urethral cancer. Distal to the
renal pelvis, the lumen is covered by urotheli-
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Table 1. General data of the patients

Kidney Prostate

Testicular spermatogonia Penile

Cases cancer cancer Urothelialcarcinoma cancer cancer

The total number of patients 52 40 7 3 1 1
Age (years)

<60 26 23 0 1 1 1

>60 26 17 7 2 0 0
Sex

Male 34 23 7 2 1 1

Female 18 17 0 1 0 0
T stage

-1 45 36 5 2 1 1

-1V 7 4 2 1 0 0
Lymphatic metastasis

Yes 7 5 1 1 0 0

No 45 35 6 2 1 1
Distant metastasis

Yes 10 8 1 1 0 0

No 42 32 6 2 1 1

um. The internal environment contact is urine,
and carcinogens present in urine often cause
tumors in the urothelium. So, tumors are com-
mon in the renal pelvis, ureter, and bladder uro-
thelium. Prostate cancer is the urinary system
tumor with the highest incidence and mortality
in men [8]. The diagnosis of the disease still
depends on biopsy, which is often prone to
cause complications such as hematuria and
infection [9]. Due to the lack of reliable biologi-
cal markers for urinary system tumors such as
kidney cancer and urothelial malignant tumors
[10], the current clinical diagnosis of such
tumors still relies on pathological biopsy of liv-
ing tissues, which often brings great pain to
patients. The treatment and monitoring of the
disease also rely on the assistance of imaging,
which often has a certain lag. It is not found
until the progression and distant metastasis of
the lesion, which delays the treatment time.
Therefore, it is essential to find reliable tumor
markers to monitor tumor progression and
treatment response in real time. Since the
research on CTCs in urinary system tumors
has not been thoroughly evaluated, this study
aimed to detect CTCs in patients with urinary
system tumors, hoping to find reliable biological
markers in patients with urinary system tumors,
so as to clarify the prognosis of patients and to
monitor tumor recurrence in real time.
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Materials and methods
Patients

The clinical data of 52 patients with urinary
system tumors who underwent peripheral
blood circulating tumor cytology testing in
Henan Provincial People’s Hospital, China from
January 2019 to December 2020 were retro-
spectively collected. Of the 52 patients, there
were 40 cases of renal malignant tumor, 7
cases of prostate cancer, 3 cases of urothelial
carcinoma, 1 case of testicular spermatogonial
carcinoma, and 1 case of penile cancer. The
collected clinical data included sex, age, TNM
stage, tumor node metastasis, and distant
metastasis, as shown in Table 1. Inclusion cri-
teria: (1) Patients who were diagnosed with pri-
mary urinary system tumors by clinicopatho-
logical diagnosis in the Henan Provincial Peo-
ple’s Hospital or preliminarily diagnosed with
urinary system tumors, according to the pati-
ent’s medical history, urinary system color dop-
pler ultrasound, CT, and other imaging data. (2)
Patients who underwent surgical resection.
Exclusion criteria: (1) Patients with a history of
other primary malignant tumors or hematologi-
cal diseases. (2) Patients with recent radiother-
apy or chemotherapy. (3) Patients who were
not initially diagnosed with urinary system
tumors. (4) Patients who declined to participate
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Figure 1. Fluorescence microscopy images of different subtypes of circulating tumor cells. Blue fluorescence: DAPI
nucleus; Red fluorescence: epithelial marker expression signal point; Green fluorescence: mesenchymal cell marker

expression signal point.

in the study. This study was approved by the
Ethics Committee of Henan Provincial People’s
Hospital (2022-073-02).

CTC detection

CTCs were detected by CanPatrol® CTC enrich-
ment technique. The method consists of two
main steps, isolating CTCs and detecting EMT
markers (EpCAM and Vimentin) using RNA In
Situ Hybridization (ISH). Specific steps are as
follows. First, 5 ml of fasting peripheral blood
was collected, placed into Ethylene Diamine
Tetraacetic Acid anticoagulant tube and stored
at indoor temperature. Peripheral blood sam-
ples were treated with red blood cell lysis buf-
fer (Solarbio, China) within 4 h of collection and
filtered with 8 ym diameter pore calibration
membranes (EMD Millipore) to enrich CTCs.
Then, the CTCs were subjected to ISH with a
combination of epithelial (EpCAM and CK8/
CK18/CK19) and mesenchymal (Vimentin and
TWIST1) markers. Finally, the samples were
stained with DAPI (Solarbio, China) for 5 min
and analyzed with an automated imaging fluo-
rescent microscope (EVOS FL Auto, Thermo
Fisher Scientific). Fluorescence microscope
images of different subtypes of CTCs are shown
in Figure 1. Then, the CTCs from each patient
were grouped according to the identification of
the markers. Patients were defined as CTC-
positive if 21 CTCs were observed per 5 ml of
blood.

Data collection and follow-up

The basic data of patients were collected,
including sex, age, TNM stage, lymph node
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metastasis, distant metastasis, and tumor dif-
ferentiation degree. The data of CTCs were
collected, including the number and distribu-
tion of total CTCs (T-CTCs), epithelial CTCs
(E-CTCs), mesenchymal CTCs (M-CTCs) and epi-
thelial/mesenchymal CTCs (E/M-CTCs).

Patients were followed up after the first treat-
ment. The follow up included the patient’s gen-
eral condition, function examination of blood,
urine, liver and kidney, imaging examination
data (CT, ultrasound or other) of the surgical
area, lymph node metastasis or distant metas-
tasis, and CTC counts. Patients were followed
up every 3 months after the first diagnosis until
we lost contact, death, or the end-point of
December 2021. Patients were followed up
regularly according to the data of each outpa-
tient or inpatient period. Patients who failed to
return were followed up by telephone. The pri-
mary outcome measures were progression-free
survival (PFS) and overall survival.

Statistical methods

SPSS 26.0 statistical software was used to pro-
cess the data. The t-test was used to compare
the differences between the means of two
groups. The rank-sum test was used to com-
pare the differences of the medians of the two
groups. The one-way analysis of variance was
used to compare the differences of the means
of three or more groups. Comparison of the dif-
ferences between two groups: when the sam-
ple size was >5, the x? test was used, when 1<
sample size <5, the continuous corrected x2
test was used, and when the sample size <1,
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Table 2. Distribution of CTC subtypes and baseline characteristics of patients (n, %)

E-CTC M-CTC E/M-CTC
>1 (n=18) <1 (n=34) P >1 (n=14) <1 (n=38) P >1 (n=49) <1 (n=3) P

Age (years) 0.244 0.211 0.552
<60 7(38.89) 19 (55.88) 9(64.29) 17 (44.74) 24 (48.98) 2(66.67)
>60 11(61.11) 15 (44.12) 5(35.71) 21(55.26) 25(51.02) 1(33.33)

Sex 0.172 0.448 0.229
Male 14 (77.78) 20 (58.82) 8(57.14) 26 (68.42) 33(67.35) 1(33.33)

Female 4(22.22) 14 (41.18) 6(42.86) 12(31.58) 16 (32.65) 2 (66.67)

Tumor type 0.781 0.151 1.000
Kidney cancer 15 (83.33) 25(73.53) 12 (85.72) 28(73.68) 37 (75.51) 3(100.0)
Prostate cancer 3(16.67) 4(11.77) 0 7(18.42) 7 (14.29) 0
Urothelial carcinoma 0 3(8.82) 1(7.14) 2 (5.26) 3(6.12) 0
Testicular spermatogonia carcinoma 0 1(2.94) 0] 1(2.63) 1(2.04) 0
Penile cancer 0 1(2.94) 1(7.14) 0 1(2.04) 0

T stage 0.948 0.139 0.867
-l 15 (83.33) 30(88.23) 10 (71.43) 35(92.11) 43 (87.76) 2(66.67)

-V 3(16.67) 4(11.77) 4 (28.57) 3(7.82) 6(12.24) 1(33.33)

Lymphatic metastasis 1.000 0.004 0.867
Yes 2(11.11) 5(14.71) 5(35.71) 2(5.26) 6(12.24) 1(33.33)

No 16 (88.89) 29 (85.29) 9(64.29) 36(94.74) 43 (87.76) 2(66.67)

Distant metastasis 0.255 0.003 1.000
Yes 5(27.78) 5(14.71) 7 (50.0) 3(7.89) 10 (20.41) 0
No 13 (72.22) 29(85.29) 7(50.0) 35(92.11) 39(79.59) 3(100.0)

Differentiation degree 0.087 0.424 0.571
Low 9 (50.0) 17 (50.0) 6(42.86) 20 (52.63) 25(51.02) 1(33.33)

Middle 0 7 (20.59) 1(7.14) 6 (15.79) 6(12.24) 1(33.33)
High 9 (50.0) 10 (29.41) 7(50.0) 12(31.58) 18 (36.74) 1(33.33)

Note: CTC: Circulating tumor cell, E-CTC: epithelial CTC, M-CTC: mesenchymal CTC, E/M-CTC: epithelial/mesenchymal CTC.

the Fisher’s exact test was used. Receiver oper-
ator characteristic (ROC) curve analysis was
used to determine the optimal cutoff values of
CTC and M-CTC counts for dividing patients into
favorable and unfavorable prognostic groups.
The Kaplan-Meier method was used to estab-
lish the overall survival models, and the log-
rank test was used to compare the survival
rates between groups. P<0.05 was considered
significant.

Results

Distribution of CTC subtypes and baseline
characteristics of patients

CTCs were detected in all patients. CTCs were
classified as epithelial type, mesenchymal
type, or epithelial/mesenchymal type, and they
were compared with the baseline characteris-
tics of the patients. The positive rates of E-
CTCs, M-CTCs and E/M-CTCs were 34.62%,
26.92% and 94.23%, respectively (Table 2).
There was no significant difference in lymph
node metastasis and distant metastasis
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between E-CTC <1 group and E-CTC >1 group
(P>0.05). There were 5 patients with lymph
node metastasis and 9 patients with non-lymph
node metastasis in M-CTC =1 group, and 2
patients with lymph node metastasis and 36
patients with non-lymph node metastasis in
M-CTC <1 group, and the difference between
the two groups was significant (x?=8.114, P=
0.004). There were 7 patients with distant
metastasis and 7 patients with non-distant
metastasis in M-CTC =1 group, and 3 patients
with distant metastasis and 35 patients with
non-distant metastasis in M-CTC <1 group, and
the difference between the two groups was sig-
nificant (x>=9.124, P=0.003). There was no sig-
nificant difference in lymph node metastasis or
distant metastasis between the E/M-CTC =1
group and E/M-CTC <1 group (P>0.05).

Correlation of T-CTCs and CTC subtypes with
tumor metastasis

M-CTC count was statistically correlated with
lymph node metastasis (P<0.05). T-CTC, M-CTC,
and E/M-CTC counts were significantly corre-
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Table 3. Correlation of total (T-CTCs) and CTC subtypes with tumor metastasis (M, IQR)

T-CTC E-CTC M-CTC E/M-CTC

Lymph node metastasis

Yes 14 (8, 20) 0(0,1) 1(0.5,3) 13 (7.5, 15.5)

No 6 (3, 11) 0(0,1) 0(0,0) 6 (2, 10)

z -1.910 0.000 -3.125 1.572

P 0.056 1.000 0.002 0.116
Distant metastasis

Yes 16 (11, 21) 0.5 (0, 1.75) 1(0.25, 2.5) 13.5 (10.75, 17)

No 6 (2.25,9.75) 0(0,1) 0(0,0) 5(2,8.75)

z -3.052 -1.476 -3.574 -2.898

P 0.002 0.140 <0.001 0.004

Note: CTC: Circulating tumor cell, T-CTC: total CTC, E-CTC: epithelial CTC, M-CTC: mesenchymal CTC, E/M-CTC: epithelial/mesen-
chymal CTC.

mm Distant metastasis
Without distant metastasis

A E Distant metastasis B

Without distant metastasis 50

CTC counts
CTC counts

Figure 2. Relationship of the T-CTCs and CTC subtypes with tumor metastasis. A: Lymph node metastases and T-
CTCs and CTC subtypes. B: Distant metastasis and T-CTCs and CTC subtypes. **P<0.01, ***P<0.001, ns P>0.05.
CTC: circulating tumor cell, T-CTC: total CTC, E-CTC: epithelial CTC, M-CTC: mesenchymal CTC, E/M-CTC: epithelial/

mesenchymal CTC.

lated with distant metastasis (P<0.05), as
shown in Table 3 and Figure 2.

ROC analysis showed (Figure 3) that when the
number of T-CTC was 13.5, the highest sensi-
tivity and specificity for predicting distant
metastasis were 58.3% and 87.5%, respective-
ly (area under the curve =0.761 (0.601-0.922),
P=0.006). When the number of M-CTC was
0.5, the highest sensitivity and specificity for
predicting distant metastasis were 66.7% and
85.0%, respectively (area under the curve
=0.783 (0.610-0.957), P=0.003). When the
number of E/M-CTC was 9.5, the sensitivity
and specificity for predicting distant metasta-
sis were 75.0% and 77.5%, respectively (area

506

under the curve =0.730 (0.536-0.924), P=
0.016).

Relationship of T-CTC and CTC subtypes with
patient survival

A total of 51 patients were followed up for 1 to
54 months (median: 20 months), with a follow-
up rate of 98.07%. ROC analysis calculated
that 13.5 T-CTCs, 0.5 M-CTC and 9.5 E/M-
CTCs per 5 ml peripheral blood were the best
threshold for survival analysis. Survival analy-
sis showed that patients with T-CTCs >13.5
had poorer PFS than those with T-CTCs <13.5
(P=0.001, Figure 4A), with a 3-year PFS of
25.9% and 78.2%, respectively. Patients with
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Figure 3. ROC curve of the total CTCs (T-CTCs) and
CTC subtypes predicting tumor metastasis. The red
line shows the T-CTC count; the purple line shows
the E-CTC count; the green line shows the E/M-CTC
count; the blue line shows the M-CTC count. ROC:
receiver operating characteristic, CTC: circulating
tumor cell, T-CTC: total CTC, E-CTC: epithelial CTC, M-
CTC: mesenchymal CTC, E/M-CTC: epithelial/mesen-
chymal CTC.

M-CTC >0.5 had poorer PFS than those with
M-CTC <0.5 (P=0.006, Figure 4B), with a 3-year
PFS of 27.2% and 78.1%, respectively. Pati-
ents with E/M-CTCs >9.5 had poorer PFS than
those with E/M-CTCs <9.5 (P=0.001, Figure
4C), with a 3-year PFS of 34.2% and 86.5%,
respectively. Because no deaths occurred dur-
ing follow-up, overall survival rates were not
compared.

Discussion

At present, there is still a lack of reliable bio-
markers for predicting the prognosis of urologic
malignancies, and because of the high hetero-
geneity of urologic tumors, it is hard to find
accurate staging criteria to predict the progno-
sis of urologic tumors. The treatment and prog-
nosis monitoring of urologic tumors also rely on
the assistance of imaging, which often has a
certain lag. Most of the patients are not found
until the progression and distant metastasis of
the lesions, which delays the optimal treatment
time. Therefore, it is of great significance to
explore effective biomarkers of urinary system
malignancies to improve the prognosis of this
disease.

Over the years, along with the development of
CTC detection technology, CTC count has been
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widely studied in tumor diagnosis, metastasis,
and prognosis evaluation. In a study involving
263 metastatic castration-resistant prostate
cancer patients, overall survival was found to
be significantly worse in patients with increased
CTCs in the third week of follow-up compared
with patients with reduced and unchanged
CTCs [11]. The purpose of this research was to
compare and analyze the correlation of the
positive rate of CTCs and the distribution of CTC
subtypes with lymph node metastasis and dis-
tant metastasis of urinary system tumors. The
presence of M-CTCs indicates a higher degree
of malignancy, faster progression and poorer
prognosis, which is consistent with previous
studies in other types of tumors. This is espe-
cially for some patients with advanced cancer.
For example, De Giorgi et al. [12] detected CTCs
in women with metastatic breast cancer and
concluded that CTC count =5 could be used as
a predictor of overall tumor survival. Markiewicz
et al. [13] studied the relationship between
CTCs with different phenotypes and prognosis
in women with breast cancer. Their results
revealed that patients with M-CTCs had a poor
prognosis than those with E-CTCs or no CTC,
and CTCs with mesenchymal markers were
closely related to poor prognosis, which also
confirmed that the EMT process of CTCs played
a vital role in tumor progression. At present, the
detection methods and threshold values of
CTCs are different in clinical studies, and there
is no unified standard. Although the data
obtained in the positive rate and subtype analy-
sis of CTCs are different, they all reach a similar
conclusion, that is, CTC count is related to the
prognosis of patients with urological cancer
[14-186].

The CanPatrol® system was used to analyze
CTC counts and EMT subtypes in the 52 pati-
ents. It was revealed that the positive rate of
CTCs was 100%, and the T-CTC count ranged
from 1 to 81. The positive rates of E-CTCs,
M-CTCs and E/M-CTCs were 34.62%, 26.92%
and 94.23%, respectively. Chen et al. [17]
adopted the same CanPatrol® system for
detecting CTC count and EMT subtypes in 195
patients with liver cancer, and the CTC count
in the 195 patients ranged from O to 86. The
positive rate of CTCs was 95%, and the posi-
tive rates of E-CTCs, M-CTCs and E/M-CTCs
were 53%, 57% and 83.0%, respectively. Their
results suggest that CTC count and EMT clas-
sification are associated with clinical stage and
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Figure 4. Survival Analysis. A: Association between the T-CTCs and progression-free survival of patients. B: Associa-
tion between M-CTCs and patient progression-free survival. C: Association between E/M-CTC and patient progres-
sion-free survival. CTC: circulating tumor cells, T-CTC: total CTC, M-CTC: mesenchymal CTC, E/M-CTC: epithelial/

mesenchymal CTC.

metastasis of primary liver cancer, and that
CTC count and EMT classification may be mark-
ers for early diagnosis of metastatic progres-
sion of liver cancer. Their results are consistent
with the results of this study. Since we did not
detect the postoperative CTCs in patients in
this research, the postoperative and preopera-
tive CTC counts could not be compared. In
order to observe the effect of CTC count and
EMT classification on the prognosis of pati-
ents with urinary system malignancy, the ROC
analysis calculated that the optimal threshold
for survival analysis was 13.5 T-CTCs, 0.5 M-
CTC and 9.5 E/M-CTCs per 5 ml peripheral
blood. Survival analysis showed that patients
with T-CTCs >213.5 or M-CTC >0.5 or E/M-CTCs
>9.5 had poor PFS. This suggests that CTCs,
M-CTCs and E/M-CTCs may be markers for
early diagnosis of metastatic progression of uri-
nary system malignancy. Related studies have
shown that EMT often manifests as incomplete
activation of the invasion and metastasis cas-
cade, and as an intermediate stage of the inva-
sion and metastasis cascade, this subtype is
called mixed phenotype (E/M-CTC). In the pres-
ence of partially preserved intercellular adhe-
sion (epithelium), the mixed phenotype can
stimulate cells to aggregate and survive in the
blood circulation (mesenchyme) [18]. More-
over, multicellular aggregation was observed in
blood samples of prostate cancer patients, and
it was found that E/M-CTC may promote cell
cluster formation [19], and the ability of CTCs to
form clusters is connected with increased met-
astatic potential [20, 21], which suggests that
E/M-CTC goes hand in hand with the metastat-
ic progression of urinary malignancies. Wang et
al. [22] performed CTC analysis on 69 patients
with renal cell carcinoma, and their results
showed that there was no obvious difference in
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preoperative CTC count between the metastat-
ic group and the non-metastatic group, but
the E/M-CTC count was obviously different
between the metastatic group and the non-
metastatic group at 12 months after operation.
It was demonstrated that the risk of recurrence
or metastasis was correlated with the dynamic
changes of CTC count, especially the trend of
E/M-CTC count. These results show that E/M-
CTCs can be used to dynamically monitor the
disease progression in patients.

This research is a single-center clinical study
with a small sample size and a certain degree
of bias in the selection of patients, which may
have affected the results. In this study, only a
single CTC test was performed on the patients,
without dynamic monitoring of CTC level chang-
es and lack of follow-up data of the patients.
Therefore, it is unfortunately not possible to
show the CTC changes before and after treat-
ment. Although metastasis invasiveness is
shown during CTC diffusion, the underlying
molecular mechanism remains unclear. In
particular, the results show that the presence
of M-CTCs most strongly suggest a poor
prognosis.

Conclusion

The CTCs can be used as markers of urinary
system tumors, and the classification of CTCs
with EMT markers helps to identify more inva-
sive subtypes, which are associated with lymph
node metastasis or distant metastasis of
tumors. M-CTCs and E/M-CTCs may predict
more aggressive tumor and a worse prognosis.
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