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Abstract
Background Circulating tumors cells (CTCs) may be a promising prognostic marker for patients with malignant tumors. 
However, there are few reports regarding its value for hepatocellular carcinoma (HCC) patients.
Aims To investigate CTCs with epithelial and mesenchymal phenotypes as a potential prognostic biomarker for HCC patients.
Methods Peripheral blood samples were obtained from 165 HCC patients before radical surgery. CTCs were isolated via the 
CanPatrol CTC enrichment technique and classified using epithelial–mesenchymal transition (EMT) markers. The relation-
ship of CTC phenotype with clinicopathological factors and HCC recurrence in patients was analyzed.
Results CTC-positive status (count ≥ 2/5 mL) was found in 70.9% of the 165 HCC patients. Increased CTC number was more 
common in patients with higher AFP levels, multiple tumors, advanced TNM and BCLC staging, and presence of embolus 
or microembolus (P < 0.05). CTCs heterogeneity was noted using EMT markers. Mesenchymal CTCs were significantly 
correlated with high AFP levels, multiple tumors, advanced TNM and BCLC stage, presence of embolus or microembolus, 
and earlier recurrence (P < 0.05). The presence of mesenchymal CTCs predicted the shortest relapse-free survival, followed 
by mixed phenotypic CTCs, and then epithelial CTCs (P < 0.001).
Conclusion CTC phenotype may serve as a prognostic indicator for HCC patients. CTCs assessment should include pheno-
typic identification tailored to characterize cells based on epithelial and mesenchymal markers.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most preva-
lent malignancies in China, with a high incidence of cancer-
related death in this country [1]. The vast majority of HCC 

cases in China develop as a result of chronic infection with 
hepatitis B virus (HBV) in this country [2]. Accordingly, 
previous studies from our research group showed that greater 
than 85% of HCC patients were diagnosed with HBV infec-
tion [3, 4]. Although great improvements have been made in 
HCC diagnosis and treatment during the past few decades, 
the long-term survival of these patients remains unfavorable, 
due to a high rate of recurrence and mortality. Conventional 
prognostic factors for HCC consist of alpha-fetal protein 
(AFP) and tumor, node, metastases (TNM) and Barcelona 
Clinic Liver Cancer (BCLC) staging system, but their value 
varies between patients with this disease [5]. Therefore, new 
methods are urgently needed to provide predictive informa-
tion regarding existing metastasis as well as the probability 
of early recurrence.

Circulating tumor cells (CTCs), which are defined as 
a small population of cancer cells that have escaped from 
the primary tumor into the body’s circulatory system, have 
great promise as a noninvasive method of assessing tumor 

Dinghua Yang is the first corresponding author of manuscript.

Huohui Ou and Yu Huang have contributed equally to this work.

 * Xianghong Li 
 lixhly@hotmail.com

 * Dinghua Yang 
 dhyangyd@yahoo.com

1 Department of Hepatobiliary Surgery, Nanfang Hospital, 
Southern Medical University, 1838 North Guangzhou 
Avenue, Guangzhou 510515, China

2 Department of Laboratory Medicine, Nanfang Hospital, 
Southern Medical University, 1838 North Guangzhou 
Avenue, Guangzhou 510515, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s10620-018-5124-2&domain=pdf


2374 Digestive Diseases and Sciences (2018) 63:2373–2380

1 3

progression in real time [6–9]. Indeed, the significance of 
CTCs in the peripheral blood (PB) of patients has been stud-
ied extensively for various malignancies. Many studies have 
demonstrated that CTCs are closely related to tumor metas-
tasis, recurrence, and patient prognosis [7, 9, 10].

Cancer cells often lose some of their epithelial character-
istics and gain features of a more mesenchymal phenotype, 
deem an “epithelial-to-mesenchymal transition (EMT)” 
[11]. EMT allows for increased mobility and invasion and 
is thought to facilitate metastasis [12–14]. Aberrant activa-
tion of the EMT progress has been implicated not only in the 
generation of CTCs, but also in their survival in the blood-
stream. The current FDA standard for capturing CTCs (Cell-
Search, Menarini Silicon Biosystems Inc., San Diego, CA, 
USA) relies on an epithelial marker, but this system fails to 
capture cells that have undergone an EMT. Specifically, the 
CellSearch technology depends on the EpCAM marker for 
the isolation of CTCs, which may not detect the critical mes-
enchymal subset of CTCs [15]. Moreover, a study comparing 
patients with early-stage and metastatic breast cancer found 
a statistically higher detection of vimentin (+) and cytokera-
tin (CK) 19 (+) CTCs in those with metastasis, suggesting 
a strong association between the presence of mesenchymal 
CTCs and tumor progression [16]. There were also several 
studies focused on the importance of mesenchymal CTCs in 
HCC. For instance, a recent study showed snail expression 
in CTCs might be associated with extrahepatic metastasis of 
HCC [17]. Another study attempted to predict HCC metas-
tasis more accurately by the detection of both TWIST and 
vimentin in CTCs and found that the co-expression of these 
proteins was significantly associated with the presence of 
embolus in the portal vein [18]. However, these results were 
not conclusive, due to a limited sample size and the incom-
plete use of EMT phenotypes. However, using a combination 
of multiple epithelial and mesenchymal markers could pro-
vide more convincing evidence of the clinical significance 
of mesenchymal CTC phenotypes, and therefore expand our 
understanding of their contribution to the development and 
aggressiveness of malignances.

In this study, we evaluated CTCs in the peripheral blood 
of 165 patients with HCC prior to surgery, beginning in 
2013. First, we employed the CanPatrol™ CTC enrichment 
technique [19] using EMT markers to stratify the CTCs 
into 3 subpopulations. We then evaluated the relationship 
between CTC positivity and the clinicopathologic features 
of HCC patients. The main purpose of this prospective study 
was to determine the impact of CTC on recurrence risk, in 
an effort to determine if CTCs phenotype is a potential bio-
marker for tumor recurrence.

Materials and Methods

Patients and Blood Samples

A total of 165 HCC patients, who underwent radical surgi-
cal resection in the Department of Hepatobiliary Surgery of 
Nanfang Hospital of Southern Medical University between 
2013 and 2016, were recruited into this prospective study, 
based on the following criteria: (a) curative resection of 
HCC was performed; (b) without history of any other anti-
cancer therapy; and (c) complete clinicopathological and 
follow-up data were available. Patient characteristics of this 
study cohort are listed in Table 1. The Southern Medical 
University Ethics Committee approved the protocols accord-
ing to the Declaration of Helsinki (6th revision, 2008), and 
informed consent was signed by each patient enrolled in the 
study.

Samples consisting of 5 mL of peripheral blood (PB) 
were collected and subjected to the optimized CanPatrol™ 
CTC enrichment technique. CTCs were quantified in each 
5 mL PB sample and classified using EMT markers into 
3 subpopulations including epithelial CTCs, mesenchymal 
CTCs, and mixed phenotypic CTCs.

Patient Follow‑Up

Patients were followed up every 3 months during the first 
postoperative year and 6  months thereafter until April 
2017. All patients were followed in a manner previously 
reported [20]. Briefly, patients were monitored by abdomen 
ultrasonography and serum alpha-fetoprotein (AFP). Com-
puted tomography (CT) and/or magnetic resonance imaging 
(MRI) were performed for patients who were suspected of 
recurrence. A diagnosis of recurrence was based on typical 
imaging appearances on CT and/or MRI scans and elevated 
AFP levels. Relapse-free survival (RFS) was defined as the 
interval from the date of resection to the date of recurrence 
diagnosis or the date of the last follow-up.

CTCs Filtration, Quantification, and Characterization

Peripheral blood samples were collected in EDTA tubes 
by venipuncture. After erythrocytes were removed using a 
red blood cell lysis buffer, the remaining cells were fixed 
in 4% paraformaldehyde and isolated by the filtration sys-
tem. This system consisted of a filtration tube containing an 
8-µm-diameter multi-pore calibrated membrane (SurExam, 
Guangzhou, China), a manifold vacuum plate with adjust-
able valve settings (SurExam, Guangzhou, China), an E-Z 
96 vacuum manifold (Omega Bio-Tek, Norcross, GA, 
USA), and a vacuum pump (Auto Science, Tianjin, China). 
Then, an RNA in situ hybridization (RNA-ISH) assay, as 
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described previously [19], was performed to conjugate the 
cells with red fluorescent dyes Alexa Fluor 594 (for the epi-
thelial biomarkers EpCAM and CK8/18/19), using Alexa 
Fluor 488 (for the mesenchymal biomarkers vimentin and 
TWIST), and Alexa Fluor 647 (for the leukocyte biomarker 
CD45). The labeled cells were counted and classified with a 

fluorescence microscope using a 100× oil objective (Olym-
pus BX53, Tokyo, Japan). In our investigation, we used a 
threshold of 2 CTCs/5 mL of blood to determine whether the 
patient was CTCs positive. Epithelial CTCs were defined as 
cells greater than 15 μm in diameter with cytoplasmic labe-
ling for epithelial biomarkers and no expression of CD45. 
Mesenchymal-like CTCs were defined as cells greater than 
15 µm in diameter, with cytoplasmic labeling for mesenchy-
mal biomarkers and no expression of CD45. The leukocytes 
were defined as cells with CD45 and should not be counted 
as CTCs.

Statistical Analysis

Statistical analysis was performed with the SPSS version 
19.0 software package (IBM Corp., Armonk, NY, USA). 
The comparison between CTC count and clinicopathological 
parameters was tested by the Student’s t test or the one-way 
ANOVA test. The correlation between CTCs and clinico-
pathological parameters was examined by the Pearson Chi-
square test. Relapse-free survival plots were made using the 
Kaplan–Meier method, and the significance was estimated 
by the log-rank test. P < 0.05 was considered statistically 
significant.

Results

CTCs ≥ 2/5 mL were detected in 117 out of 165 (70.9%) 
blood samples. The number of CTCs per 5 mL of blood in 
the CTC-positive patients ranged from 2 to 76 (median 9) 
(Fig. 1).

First, we evaluated the relationship between clinico-
pathological factors and patients with a high CTC count. 
As shown in Table 1, an increased number of CTCs was 
observed in patients with high levels of AFP, multiple 
tumors, advanced TNM and BCLC stage, and the presence 
of embolus or microembolus (P < 0.05). There was no cor-
relation between CTC count and patient sex, age, diagnosis 
of cirrhosis, expression of HBsAg, tumor size, or tumor dif-
ferentiation (P > 0.05).

Then, we classified patient CTC phenotypes into 3 sub-
populations according to the EMT markers, including epi-
thelial CTCs, mesenchymal CTCs, and mixed phenotypic 
CTCs. Figures 2 and 3 describe the distribution of CTC phe-
notypes. Sixty-four patients (38.8%) had CTCs that showed 
staining for EpCAM or CK8/18/19 expression, but with-
out CD45 expression, constituting an epithelial phenotype. 
Forty-two patients (25.4%) had CTCs that were vimentin (+) 
or TWIST (+) and CD45 (−), constituting a mesenchymal 
phenotype. Eleven patients (0.07%) had CTCs that showed 
both epithelial and mesenchymal markers, constituting a 
mixed epithelial/mesenchymal phenotype.

Table 1  Circulating tumor cell (CTC) total number and clinicopatho-
logical factors in hepatocellular carcinoma (HCC) patients

AFP alpha-fetoprotein, BCLC Barcelona Clinic Liver Cancer, TNM 
primary tumor, regional lymph nodes, distant metastasis

Clinical factor n CTC number t P

Mean SD

Sex 0.236 0.813
 Male 136 10.12 12.52
 Female 29 9.52 11.92

Age 1.280 0.202
 < 60 years 134 10.60 13.12
 ≥ 60 years 31 7.45 8.12

Cirrhosis − 0.960 0.338
 No 44 8.48 9.92
 Yes 121 1.57 13.15

HBsAg 0.061 0.951
 Negative 28 10.14 10.57
 Positive 137 9.99 12.75

AFP level − 3.631 0.000
 < 400 μg/L 100 7.29 10.45
 ≥ 400 μg/L 65 14.20 13.94

Tumor number − .0.033 0.003
 Solitary 118 8.21 11.82
 Multiple 47 14.53 12.73

Tumor size − 1.307 0.193
 < 5 cm 72 8.58 11.51
 ≥ 5 cm 93 11.12 12.97

Differentiation 1.864 0.158
 Well 17 7 10.32
 Moderate 105 9.31 12.32
 Poor 43 12.91 12.98

TNM stage − 3.143 0.002
 I + II 87 7.22 11.40
 III + IV 78 13.13 12.75

BCLC stage 3.457 0.034
 A 85 7.82 12.37
 B 13 8.85 8.96
 C 67 13.01 12.49

Embolus − 2.875 0.005
 Absent 99 7.80 11.86
 Present 66 13.33 12.50

Microembolus − 1.998 0.047
 Absent 76 7.95 12.62
 Present 89 11.78 11.96
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We analyzed the relationship between the CTC pheno-
type and the clinicopathological features, which are sum-
marized in Table 2. In this analysis, no significant associa-
tion was observed between CTC phenotype and gender, age, 
tumor size, diagnosis of cirrhosis, expression of HBsAg, 
tumor size, or tumor differentiation. However, the analysis 
did show that mesenchymal CTCs were more common in 
patients with high levels of AFP, multiple tumors, advanced 

TNM and BCLC stage, and the presence of embolus or 
microembolus.

We then analyzed tumor recurrence for any correlation 
with patient variables, including CTC phenotype, sex, age, 
cirrhosis, HBsAg, AFP levels, tumor number, tumor size, 
tumor differentiation, TNM and BCLC stage, and the pres-
ence of embolus or microembolus. In this study cohort, 
the median patient follow-up time was 14.0 months. CTC 
phenotype, AFP levels, tumor number, tumor differentia-
tion, TNM and BCLC stage, and the presence of embolus 
or microembolus were significantly associated with tumor 
recurrence. As shown in Fig. 3, among patients with posi-
tive CTC, the presence of mesenchymal CTCs predicts a 
decreased median time to those with mixed phenotypic 
CTCs or epithelial CTCs (Table 3).

Fig. 1  Circulating tumor cell (CTC) phenotype distribution in periph-
eral blood from hepatocellular carcinoma (HCC) patients

Fig. 2  Circulating tumor cell (CTC) labeled by epithelial–mesenchy-
mal transition (EMT) markers in peripheral blood from HCC patients. 
Representative images of the 3 CTC phenotypes. Red fluorescence 
indicates epithelial biomarkers; green fluorescence indicates mes-

enchymal biomarkers. Red fluorescence represents epithelial CTCs, 
green fluorescence represents mesenchymal CTCs, and mixed red 
and green fluorescence represents mixed phenotypic CTCs. The cells 
were analyzed using a ×100 oil objective

Fig. 3  Kaplan–Meier relapse-free survival analysis based on the cir-
culating tumor cell (CTC) phenotypes including epithelial CTCs, 
mesenchymal CTCs, and mixed phenotypic CTCs
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Discussion

Given the poor outcome for HCC patients, current research 

has focused on new methods of early disease detection, 
stratification based upon prognosis, and the prediction of 
local or distant tumor recurrence. CTCs are of particular 

Table 2  Circulating tumor cell (CTC) phenotype and clinicopathological factors in hepatocellular carcinoma (HCC) patients

AFP alpha-fetoprotein, BCLC Barcelona Clinic Liver Cancer, TNM primary tumor, regional lymph nodes, distant metastasis

Clinical parameter CTC phenotype χ2 P

Not detected Epithelial CTCs Mesenchymal CTCs Mixed pheno-
typic CTCs

Sex 1.368 0.713
 Male 39 (23.6%) 55 (33.3%) 34 (20.6%) 8 (4.8%)
 Female 9 (5.5%) 9 (5.5) 8 (4.8%) 3 (1.8)

Age 1.609 0.657
 < 60 years 40 (24.2%) 49 (29.7%) 36 (21.8%) 9 (5.5%)
 ≥ 60 years 8 (4.8%) 15 (9.1%) 6 (3.6%) 2 (1.2%)

Cirrhosis 2.550 0.466
 No 16 (9.7%) 15 (9.1%) 9 (5.5%) 4 (2.4%)
 Yes 32 (19.4%) 49 (29.7%) 33 (20.0%) 7 (4.2%)

HBsAg 1.344 0.719
 Negative 8 (4.8%) 9 (5.5%) 8 (4.8%) 3 (1.8%)
 Positive 40 (24.2%) 55 (33.3%) 34 (20.6%) 8 (4.8%)

AFP level 13.965 0.003
 < 400 μg/L 37 (22.4%) 41 (24.8%) 17 (10.3%) 5 (3.0%)
 ≥ 400 μg/L 11 (6.7%) 23 (13.9%) 25 (15.2%) 6 (3.6%)

Tumor number 23.762 0.000
 Solitary 45 (27.3%) 46 (27.9%) 20 (12.1%) 7 (4.2%)
 Multiple 3 (1.8%) 18 (10.9%) 22 (13.3%) 4 (2.4%)

Tumor size 1.654 0.647
 < 5 cm 23 (13.9%) 27 (16.4%) 19 (11.5%) 3 (1.8%)
 ≥ 5 cm 25 (15.2%) 37 (22.4%) 23 (13.9%) 8 (4.8%)

Differentiation 15.869 0.014
 Well 8 (4.8%) 6 (3.6%) 2 (1.2%) 1 (0.6%)
 Moderate 34 (20.6%) 42 (25.5%) 20 (12.1%) 6 (3.6%)
 Poor 6 (3.6%) 16 (9.7%) 20 (12.1%) 4 (2.4%)

TNM stage 11.458 0.009
 I + II 34 (20.6%) 33 (20.0%) 15 (9.1%) 5 (3.0%)
 III + IV 14 (8.5%) 31 (18.8%) 27 (16.4%) 6 (3.6%)

BCLC stage 15.230 0.019
 A 32 (19.4%) 33 (20.0%) 15 (9.4%) 5 (3.0%)
 B 2 (1.2%) 5 (3.0%) 3 (1.8%) 3 (1.8%)
 C 14 (8.5%) 26 (15.8%) 24 (14.5%) 3 (1.8%)

Embolus 8.572 0.036
 Absent 35 (21.2%) 39 (23.6%) 18 (10.9%) 6 (3.6%)
 Present 13 (7.9%) 25 (15.2%) 24 (14.5%) 5 (3.0%)

Microembolus 12.458 0.006
 Absent 30 (18.2%) 31 (18.8%) 11 (6.7%) 4 (2.4%)
 Present 18 (10.9%) 33 (20.0%) 31 (18.8%) 7 (4.2%)

Relapse-free survival time 26.146 0.000
 Non-relapse 38 (23.0%) 46 (27.9%) 14 (8.5%) 6 (3.6%)
 ≥ 12 months 3 (1.8%) 1 (0.6%) 6 (3.6%) 1 (0.6%)
 < 12 months 7 (4.2%) 17 (10.3%) 22 (13.3%) 4 (2.4%)
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interest given their presence in patients with various forms 
of malignancy, as well as their location in the vasculature, 
which allows for easy sampling and analysis. Recent studies 
have demonstrated that the presence of CTCs in the blood 
of patients with metastatic disease, suggesting that CTCs in 
addition to be a result, could also as a possibly be a source of 
metastatic disease [8–10, 21–25]. In addition, several studies 
have found an association between the presence of CTCs 
and poor survival [26–29]. To the best of our knowledge, 
this study is the first to prospectively evaluate the clinical 
relevance of the phenotypic subtypes of CTCs for character-
izing HCC.

We identified epithelial and mesenchymal CTCs in the 
blood of the majority (70.9%) of HCC patients. This indi-
cates that CTCs are a heterogeneous population. The CanPa-
trol™ CTC enrichment technique detects CTCs not only by 
size, but also by the expression of EMT markers, allowing 
for the identification of both epithelial and mesenchymal 
characteristics. Unlike other studies of other tumor types 
[16, 28], we not only confirmed the presence of CTCs, but 
also conducted a comprehensive study involving epithelial 
and mesenchymal markers for HCC.

The fraction of each CTC phenotypes varied from the 
patients with different clinicopathological factors. In our 
cohort, 3 subgroups of CTCs were detected in all patients at 
all disease stages. However, the presence of mesenchymal 
CTCs has been linked to aggressive tumors. Patients with 
malignant features, including high levels of AFP, multiple 
tumors, advanced TNM and BCLC stage, and the presence 
of embolus or microembolus were shown to have a much 
higher positivity for mesenchymal CTCs. These results 
demonstrate that CTCs might be indicative of a separate 
feature of tumor biology that influences disease progres-
sion. We also found a strong association of CTC phenotypic 
subtypes with tumor recurrence: Firstly, the positivity of 
mesenchymal CTCs was higher in patients with early tumor 
recurrence, and secondly, the survival analysis indicated that 
patients with mesenchymal CTCs had shorter RFS, when 
compared with those patients in either of the other 2 CTC 
subgroups. This finding is consistent with other studies that 
have shown markers of EMT in CTCs have the potential to 
provide both prognostic and predictive information [3, 30, 
31].

This study, although a prospective analysis, had several 
limitations. The relationship between the CTCs phenotype 
and overall survival has not been discussed in our study due 
to the limitation of follow-up time and the number of patients 
included in this study, and further analysis in a larger group 
of HCC patients is required to reevaluate these findings. As 
our understanding of the heterogeneity of CTCs is enhanced, 
additional work regarding the genetics and gene expression 
patterns in individual cells will be needed to characterize 
epithelial and mesenchymal CTCs and determine their 

Table 3  Univariate analyses of factors with relapse-free survival 
(RFS) in hepatocellular carcinoma (HCC) patients

AFP alpha-fetoprotein, BCLC Barcelona Clinic Liver Cancer, TNM 
primary tumor, regional lymph nodes, distant metastasis, HR haz-
ard ratio, CI confidence interval, CTC  circulating tumor cell, NR not 
reached

Survival factor Median 
RFS 
(months)

HR 95% CI P

CTC phenotype 0.006
Not detected NR – –
Epithelial CTCs NR 1.446 0.667–3.133
Mesenchymal CTCs 6.4 4.546 2.203–9.381
Mixed phenotypic CTCs 14.0 2.368 0.808–6.937
Sex 0.459
 Male NR – –
 Female NR 1.259 0.682–2.325

Age 0.078
 < 60 years NR – –
 ≥ 60 years NR 0.504 0.228–1.101

Cirrhosis 0.085
 No NR – –
 Yes NR 1.760 0.916–3.383

HBsAg 0.181
 Negative NR – –
 Positive NR 1.698 0.772–3.732

AFP level 0.000
 < 400 μg/L 14.0 – –
 ≥ 400 μg/L NR 2.885 1.729–4.813

Tumor number 0.000
 Solitary NR – –
 Multiple 4.9 6.134 3.651–10.307

Tumor size 0.791
 < 5 cm NR – –
 ≥ 5 cm NR 1.071 0.644–1.779

Differentiation 0.001
 Well NR – –
 Moderate NR 3.105 0.747–12.912
 Poor 14.0 6.521 1.540–27.615

TNM stage 0.000
 I + II NR – –
 III + IV 14.0 3.140 1.823–5.407

BCLC stage 0.001
 A NR – –
 B NR 2.442 0.980–6.085
 C 14.7 2.730 1.574–4.735

Embolus 0.000
 Absent NR – –
 Present 14.0 2.607 1.563–4.349

Microembolus 0.000
 Absent NR – –
 Present 16.3 3.072 1.734–5.442
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relationship to primary and metastatic tumors. These find-
ings would clarify which CTCs are responsible for tumor 
recurrence and identify genetic factors that contribute to 
decreased survival in HCC.

In addition, our study design did not include the collec-
tion of samples at multiple time points to observe how CTC 
characteristics predict outcomes over time and the course 
of treatment. Although such studies may help to reflecting 
an exacting CTC phenotypes status and guiding the use of 
CTCs in evaluating response to surgical treatment, our study 
does provide data on the utility of CTCs as a biomarker of 
surgical treatment decision-making.

In conclusion, our results indicated that the evaluation of 
CTC phenotypes in HCC patients could be used to character-
ize disease progression and predict recurrence. This study 
confirms that CTC populations are heterogeneous and that 
their assessment in HCC patients should include methods 
tailored for the identification of CTCs for both epithelial 
and mesenchymal markers. The presence of mesenchymal 
CTCs tended to occur in advanced stage patients and was 
associated with an earlier recurrence.
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