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Purpose: The purpose of this study was to elucidate the relationship between cytokeratin 19 
(CK19) expression and levels of circulating tumor cells (CTCs) in preoperative peripheral 
blood of patients with hepatocellular carcinoma (HCC), and the potential influence of that 
relationship on prognosis.
Patients and Methods: CanPatrol™ CTC-enrichment technique and in situ hybridiza-
tion (ISH) were used to enrich and classify CTCs undergoing the epithelial–mesenchymal 
transition (EMT) from blood samples of 105 HCC patients. CK19 immunohistochemistry 
staining was performed on HCC tissues and compared with demographic and clinical 
data.
Results: In total, 27 of 105 (25.7%) HCC patients were CK19-positive. CK19-positive 
patients had significantly lower median tumor-free survival (TFS) than CK19-negative 
patients (5 vs 10 months, P = 0.047). In total, 98 (93.3%) patients showed pre-surgery 
peripheral blood CTCs (range: 0–76, median: 6), and 57 of 105 (54.3%) patients displayed 
CTC counts ≥6. Furthermore, CK19-positive patients with CTC count ≥6 showed signifi-
cantly higher percentage than CK19-negative ones (77.8% vs 46.2%, P = 0.004). CK19- 
positive patients showed a significantly higher proportion of mesenchymal CTCs among 
CTCs undergoing EMT than CK19-negative patients (mean rank: 62.28 vs 49.79, P = 0.046). 
We also found that CK19-positive patients with high CTC count showed significantly shorter 
median tumor-free survival than CK19-negative patients with low CTC count (5 vs 16 
months, P = 0.039).
Conclusion: High CTC count and high percentage of mesenchymal CTCs are closely 
related to the expression of CK19, which is associated with poor prognosis in HCC patients.
Keywords: hepatocellular carcinoma, cytokeratin 19, circulating tumor cells, prognosis, 
tumor-free survival

Introduction
Hepatocellular carcinoma (HCC) is one of the most frequent cancers and the second 
leading cause of death in China.1,2 HCC shows several characteristics of malignant 
progression that are associated with poor prognosis, including fast growth, strong 
invasion, easy infiltration into blood vessels and spreading through blood, as well as 
progression through the epithelial–mesenchymal transition (EMT).3 Despite improve-
ment in surveillance and treatment, prognosis remains poor due to the high incidence of 
recurrence and metastasis.4 Currently, the concept of “precision medicine” recom-
mends treating each patient with liver cancer differently in order to maximize the 
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chances of survival.5,6 Therefore, early diagnosis, optimiza-
tion of treatment strategies and post-treatment monitoring are 
very important for the management and survival of HCC 
patients.

Conventional imaging techniques, such as computed 
tomography or magnetic resonance imaging, lack sensitiv-
ity for small lesions. Serum alpha-fetoprotein (AFP) is 
currently an important biomarker for the early screening 
of HCC and monitoring after treatment,7 but it can be 
inaccurate.8,9

A growing body of research indicates that the monitor-
ing of circulating tumor cells (CTCs) may be useful for the 
diagnosis of malignant tumors, assessment of disease, 
selection of treatment methods, and evaluation of 
prognosis.10–15 In patients with breast, rectal, or lung can-
cer, high numbers of CTCs in peripheral blood have been 
associated with higher rate of postoperative recurrence and 
worse response to radio- and chemotherapy.11,14,16 CTCs 
are rare cancer cells that have escaped from the primary 
solid tumor and entered the circulatory system. They func-
tion as seeds for metastases and can be classified as 
epithelial type (E-CTC), mesenchymal type (M-CTC), or 
an intermediate type in transition from epithelial to 
mesenchymal (E/M-CTC). These subtypes can be distin-
guished based on expression of surface markers. E-CTCs 
can be transformed into M-CTCs and vice versa.17,18

In HCC, cytokeratin 19 (CK19) is a marker of hepatic 
progenitor cells and acts as a key player in tumor invasion, 
indicating poor prognosis.19,20 Over the past years, many 
studies have shown that CK19-positive HCC has unique 
biological characteristics regarding tumor stem cells, 
angiogenesis, invasiveness, and tumor cell apoptosis.21–25 

CK19 is closely related to epithelial–mesenchymal transi-
tion (EMT), CK19-positive cells acquire mesenchymal 
characteristics through the EMT and strongly proliferate 
due to the activation of transforming growth factor beta 
(TGFb)/Smad signaling.26 However, the relationship 
between CK19 expression and CTCs in HCC is unclear.

Therefore, based on the biological characteristics of 
CK19-positive tumors and the process of CTCs genera-
tion, we hypothesized that CK19 may involve in EMT 
transformation and increase the number of CTCs, which 
can result in poor prognosis of HCC patients. Therefore, 
the aim of our study was to investigate the potential 
relationship between CTC levels in peripheral blood and 
CK19 expression in HCC patients, and assess the potential 
influence of this relationship on prognosis.

Patients and Methods
Patient Samples
From March 2014 to May 2017, a total of 105 HCC 
patients treated with R0 resection at the Guangxi 
Medical University Cancer Hospital, Nanning, Guangxi 
Province, China, were enrolled. Flow chart of patient 
enrollment is shown in Figure 1. Those patients were 
retrospectively enrolled in the current study if they satis-
fied all the following inclusion criteria: (1) definitive 
pathological diagnosis of HCC based on the World 
Health Organization criteria;27 (2) Child-Pugh A stage 
and Performance Status Test (PST) score of 0–1; (3) no 
prior anticancer treatment, such as transarterial che-
moembolization or radiation; and (4) R0 resection, 
defined as complete macroscopic removal of the tumor, 
negative resection margins, and no detectable intra- or 
extrahepatic metastatic lesions. Other relevant clinical 
data were obtained for each patient from medical 
records.

This study was conducted in accordance with the 
Declaration of Helsinki guidelines, and the protocol of 
this trial was approved by the Ethics Committee of the 
Tumor Hospital of Guangxi Medical University. On 
admission, all patients provided written consent for their 
medical data to be analyzed and published for research 
purposes.

CTC Isolation and in situ Hybridization
The CanPatrolTM system was used to isolate CTCs as 
previously described.28–31 Blood samples were collected 
1 or 2 days before surgery. Peripheral blood samples 
(5 mL, anticoagulated with ethylenediaminetetraacetic 
acid) were collected after discarding the first 2 mL to 
avoid contamination with skin cells. Red blood cell lysis 
buffer (Sur Exam, Guangzhou, China) was used to remove 
erythrocytes, and the cells were resuspended in phosphate- 
buffered saline (PBS) with 4% formaldehyde (Sigma, 
St. Louis, MO, USA) for 5 min. Next, the blood was 
filtered using a system including a filtration tube contain-
ing a 8-μm pore membrane (Sur Exam), a manifold 
vacuum plate with valve settings (SurExam), an E-Z96 
vacuum manifold (Omega, Norcross, GA, USA), and 
a vacuum pump (Auto Science, Tianjin, China). The 
pumping pressure was 0.08 MPa.32

In situ hybridization was used to detect mRNAs encod-
ing EpCAM, CK8/18/19 (as epithelial biomarkers), or 
Vimentin and Twist (as mesenchymal biomarkers). The 
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assay was performed in a 24-well plate (Corning, NY, 
USA), and the cells on the membrane were treated with 
a protease (Qiagen, Hilden, Germany) before hybridization 
with probe as previously described.11,31,33

CK19 Immunostaining and Scoring
Immunohistochemistry of HCC tissue samples after sur-
gery was performed as previously described.34 

Postoperative specimens were fixed in 10% formalin, 
embedded in paraffin, cut into 4-μm sections, deparaffi-
nized in xylene and rehydrated through graded alcohol 
solutions. Antigen retrieval was performed for 2–3 min 
at 100°C in 10 mmol/L citrate buffer (pH 6.0) in 
a microwave oven. Endogenous peroxidases were blocked 
by immersing the sections in 3% hydrogen peroxide for 15 
min. Sections were then incubated at 37°C for 1 hour with 
mouse antibody against CK19 (diluted 1:200; Kit-0030, 
Maixin, Fuzhou, China). Tissue sections were rinsed with 
PBS, incubated with anti-rabbit or -mouse immunoglobu-
lin (Kit-5030; Maixin) diluted in PBS for 20 min at 25°C, 
and rinsed again with PBS. Finally, the samples were 
incubated with horseradish peroxidase-conjugated anti-
body for 10 min, rinsed in PBS, incubated with diamino-
benzidine for 10 min, and counterstained with 
hematoxylin. CK19-positive tissue slices supplied 
with the immunostaining kits were analyzed in parallel 
with patient samples as positive controls and negative 
controls (by replacing primary antibody with PBS).

The proportion of all cells in the field of view of 
a section that stained for CK19 was determined indepen-
dently by two senior pathologists who were blinded to 
clinical and follow-up data. When the proportion was 
>5%, the section was considered CK19-positive. 
Proportions of 5–10% were considered weak expression, 
while proportions >10% were considered strong 
expression.

Patient Follow-Up
The 105 patients were followed up every 1–2 months for 
the first year and every 3 months thereafter, with a final 
follow-up date of September 30, 2019. Postoperative fol-
low-up consisted of one or more of the following tests: 
serum AFP measurement, ultrasonography, dynamic com-
puted tomography (CT), and magnetic resonance imaging 
(MRI). Recurrence was diagnosed based on elevated AFP 
levels and findings on at least one of the three imaging 
modalities.35

Statistical Analysis
All statistical analyses were performed with SPSS version 
25 for Windows (IBM, Armonk, NY, USA). Scatter plots 
were plotted using GraphPrism Version 5.0 (GraphPad 
Software, La Jolla, CA, USA).

The rates of individuals with a given clinical or patho-
logical characteristic, including a certain CTC count, were 
reported as n (%). Differences between groups were 

Figure 1 Flow chart of patient enrollment. 
Notes: The 105 patients were divided into two sub-groups based on median CTC counts: patients were classified as having low total CTC count (>6) and as having high 
total CTC count (≥6)
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assessed for significance using the Pearson chi-squared 
test or Fisher’s exact tests if any cell number less than 5. 
Differences between patients with other CTC levels were 
assessed using the Mann–Whitney U-test because the data 
were not normally distributed.

A Kaplan–Meier curve with a Log rank test was per-
formed to compare the tumor-free-survival (TFS) time 
between levels of CK19 expression or other groups. All 
statistical assessments were two-tailed, and differences asso-
ciated with p < 0.05 were considered statistically significant.

Results
Patient Characteristics and Clinical 
Outcomes
A total of 105 HCC patients with R0 resection (91 males 
and 14 females) with a mean age of 46.2 years (range: 
20–72 years) were enrolled. Nearly half (43, 41.0%) were 
younger than 45 years, 75 (71.4%) had HBV-DNA levels 
≥5.0×102, 59 (56.2%) had AFP levels ≥400 ng/mL, 40 
(38.1%) presented multiple tumors, 48 (45.7%) were in 
BCLC stages B-C and 41 (39.0%) were incomplete tumor 
capsule. The demographic and clinical characteristics of 
the enrolled patients are summarized in Table 1.

CK19 Immunostaining Levels and TFS
CK19 expression was detected in 27 of 105 (25.7%) HCC 
cases (Table 2, Figure 2A). TFS analyses showed that 
CK19-positive HCC patients had significantly shorter 
TFS than patients with CK19-negative tumors (median 
TFS:5 vs 10 months, P = 0.047) (Figure 2B). We also 
found that the characteristics of age<45, AFP≥400 ng/mL, 
and incomplete tumor capsule were more frequent among 
CK19-positive patients than CK19-negative ones (Table 2, 
Figure 2C–E). However, CK19 expression did not vary 
significantly with patient sex, HBsAg level, HBV-DNA 
level, tumor size, number of tumors, liver cirrhosis, 
Edmondson grade, BCLC stage, microvascular invasion 
(MVI) or portal vein tumor thrombus (PVTT) (Table 2).

CTC Subpopulations in Blood and 
Relationships to Clinical Characteristics
Using the CanPatrol™ CTC-enrichment technique, we mea-
sured the number of CTCs in the blood samples of 105 HCC 
patients before surgery. The green and red fluorescent signals 
represent mesenchymal or epithelial gene expression, respec-
tively. Three subpopulations were identified: E-CTCs (Figure 
3A), E/M-CTCs (Figure 3B), and M-CTCs (Figure 3C).

CTCs were detected in 98 (93.33%) of the 105 HCC 
patients. The preoperative median CTC count was 6 
(range, 0–76). The 105 patients were divided into two 
sub-groups based on median CTC count: 48 (45.7%) 
patients were classified as having low total CTC count 
(<6) and 57 (54.3%) as having high CTC count (≥6) 
(Table 3).

Significantly higher CTC counts were found in patients 
with AFP≥ 400 ng/mL, multiple tumors, HBV DNA≥5.0×102 

and advanced HCC (BCLC B-C stage) (Table 3, Figure 3D– 
G). However, CTC counts did not vary significantly with 
patient age, sex, HBsAg level, tumor size, liver cirrhosis, 
Edmondson grade, tumor capsule, MVI or PVTT.

Association of CK19 Levels with CTC 
Count or Type
CK19-positive patients with high CTC count showed sig-
nificantly higher CTC percentage (77.8%) than CK19- 
negative patients (46.2%, P = 0.004) (Figure 4A). 
Further analysis revealed that CTCs in peripheral blood 
of CK19-positive patients were mainly of the M-CTC 
type, whereas more CTCs were of the E-CTC type in 
CK19-negative patients (Table 4).

Table 1 Demographic and Clinical Characteristics of the 105 
HCC Patients

Variables Categories n (%)

Age (years) <45 vs. ≥45 43 (41) vs 62 (59)

Sex Male vs. Female 91 (86.7) vs 14 (13.3)

HBsAg Negative vs. Positive 12 (11.4) vs 93 (88.6)

HBV-DNA <5.0×102 vs. ≥5.0×102 30 (28.6) vs 75 (71.4)

AFP (ng/mL) <400 vs. ≥400 46 (43.8) vs 59 (56.2)

Tumor size (cm) <5 vs. ≥5 23 (21.9) vs 82 (78.1)

Tumor number Single vs. Multiple 65 (61.9) vs 40 (38.1)

Liver cirrhosis Negative vs. Positive 4 (3.8) vs 101 (96.2)

Edmondson Grade I–II vs. III–IV 63 (60.0) vs 42 (40.0)

BCLC stage 0-A vs. B-C 57 (54.3) vs 48 (45.7)

Tumor Capsule Complete vs. Incomplete 64 (61.0) vs 41 (39.0)

MVI Negative vs. Positive 33 (31.4) vs 72 (68.6)

PVTT Negative vs. Positive 82 (78.1) vs 23 (21.9)

Abbreviations: AFP, alpha-fetoprotein; BCLC stage, Barcelona Clinic Liver Cancer 
stage; HBsAg, hepatitis B surface antigen; HBV-DNA, hepatitis B virus DNA; HCC, 
hepatocellular carcinoma; MVI, microvascular invasion; PVTT, portal vein tumor 
thrombosis.
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Our analysis found that the median TFS of the different 
groups were 5.0 months for CK19-positive patients with 
high CTC count, 7.0 months for CK19-negative patients 
with high CTC count, 7.0 months for CK19-positive 
patients with low CTC count, and 16.0 months for CK- 
negative patients with low CTC count. Among the four 
groups, patients who had high CTC count and were CK19- 
positive had significantly lower TFS (p<0.05) (Figure 4B).

Discussion
The high recurrence and metastasis rates of HCC after 
radical surgery reduce survival. Therefore, early diagnosis 
of HCC and post-treatment monitoring are key for com-
prehensive treatment and management of these patients. At 
present, clinical indicators to predict postoperative recur-
rence are rare. Therefore, we explored the postoperative 
prognosis of HCC through the evaluation of preoperative 
peripheral blood CTCs levels as well as CK19 expression 
in postoperative cancer tissues.

CK19-positive HCC cells show a high degree of malig-
nancy, including invasion and other aggressive 
behaviors.26,36–38 A previous study showed that the median 
disease-free survival time of CK19-positive HCC patients 
was significantly shorter than that of CK19-negative 

Table 2 Comparison of Clinicopathological Characteristics 
Between HCC Patients Positive or Negative for CK19

Variables CK19-Negative CK19-Positive P value

n = 78 n = 27

Age (years)

<45 27 (34.6) 16 (59.3) 0.025*

≥45 51 (65.4) 11 (40.7)

Sex

Male 67 (85.9) 24 (88.9) 0.693

Female 11 (14.1) 3 (11.1)

HBsAg

Negative 8 (10.3) 4 (14.8) 0.771

Positive 70 (89.7) 23 (85.2)

HBV-DNA

<5.0×102 24 (30.8) 6 (22.2) 0.397

≥5.0×102 54 (69.2) 21 (77.8)

AFP (ng/mL)

<400 39 (50.0) 7 (25.9) 0.030*

≥400 39 (50.0) 20 (74.1)

Tumor size (cm)

<5 19 (24.4) 4 (14.8) 0.301

≥5 59 (75.6) 23 (85.2)

Tumor number

Single 48 (61.5) 17 (63.0) 0.895

Multiple 30 (38.5) 10 (37.0)

Liver cirrhosis

Negative 4 (5.1) 0 0.538

Positive 74 (94.9) 27 (100)

Edmondson grade

III–IV 28 (35.9) 14 (51.9) 0.145

I–II 50 (64.1) 13 (48.1)

BCLC stage

0–A 42 (53.8) 15 (55.6) 0.878

B–C 36 (46.2) 12 (44.4)

(Continued)

Table 2 (Continued). 

Variables CK19-Negative CK19-Positive P value

n = 78 n = 27

Tumor capsule

Complete 52 (66.7) 12 (44.4) 0.041*

Incomplete 26 (33.3) 15 (55.6)

MVI

Negative 26 (33.3) 7 (25.9) 0.475

Positive 52 (66.7) 20 (74.1)

PVTT

Negative 63 (80.8) 19 (70.4) 0.260

Positive 15 (19.2) 8 (29.6)

Notes: Values are n (%); P < 0.05 was considered significant; *p < 0.05. 
Abbreviations: AFP, alpha-fetoprotein; BCLC stage, Barcelona Clinic Liver Cancer 
stage; CK19, cytokeratin 19; HCC, hepatocellular carcinoma; HBV-DNA, hepatitis 
B virus DNA; HBsAg, hepatitis B surface antigen; MVI, microvascular invasion; 
PVTT, portal vein tumor thrombosis.
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Figure 2 Immunostaining and prognostic significance of CK19. (A) Tumor sections of the same patient were analyzed by hematoxylin and eosin staining (top) and 
immunohistochemical staining against CK19 (bottom). The arrowheads was used to indicate a few strong examples of CK19 staining. (B) Tumor-free survival after surgery 
among patients in CK19- or CK19+ patients. The Kaplan–Meier curve was determined by the Log rank test. Comparison of CK19 expression between CK19- or CK19+ 
patients stratified by age (C), alpha-fetoprotein (AFP) level (D) or complete of tumor capsule (E). Difference analysis were assessed for significance using the Pearson chi- 
squared test.

Figure 3 Circulating tumor cell (CTC) subpopulations and their relationship with survival. CTCs were stained for epithelial markers (EpCAM and CK8/18/19, red 
fluorescence) and mesenchymal markers (Vimentin and Twist, green fluorescence) and classified as epithelial CTCs (E-CTCs) (A), epithelial/mesenchymal hybrid CTCs (E/ 
M-CTCs) (B) or mesenchymal CTCs (M-CTCs) (C). Comparison of CTC counts in patients stratified by alpha-fetoprotein (AFP) level (D), tumor number (E), hepatitis 
B virus (HBV) DNA (F), and Barcelona Clinic Liver Cancer (BCLC) stage (G). Difference analysis were assessed for significance using the Pearson chi-squared test.
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patients among those undergoing radiofrequency ablation.39 

Consistently, we found that TFS was shorter for CK19- 
positive patients than for CK19-negative ones. 
Hepatocellular carcinoma recurrence is divided into early 
recurrence (less than 2 years) and late recurrence (more than 
2 years) according to the time to recurrence after 
surgery.40–42 The mechanisms of early and late recurrence 
are different.43–46 The presence of CTCs reflects the aggres-
siveness of a solid tumor. A previous study by our group 
showed that high CTC counts before resection were signifi-
cantly associated with early recurrence of HCC.31 The 
current work showed that CK19-positive patients had 
higher CTC counts than CK19-negative ones. We extended 
those findings in the present study by showing that high 
CTC count and CK19 express positive showed significantly 
lower tumor-free survival than patients with low CTC count 
and CK19-negative. These results suggest that CK19 con-
tributes to poor prognosis.

We also found that CTCs in peripheral blood of CK19- 
positive patients were mainly of the M-CTC type, whereas 
more CTCs were of the E-CTC type in CK19-negative 
patients. M-CTCs are regarded as the most malignant 
CTC.31 A previous study revealed that CK19-positive cells 
in HCC possess Cancer stem cells (CSCs) characteristics are 

Table 3 Comparison of Clinicopathological Characteristics 
Between HCC Patients with Low (<6) or High (≥6) CTC Counts

Variables CTC<6 CTC≥6 P value

n = 48 n = 57

Age (years)

<45 15 (31.2) 28 (49.1) 0.064

≥45 33 (68.8) 29 (50.9)

Sex

Male 40 (83.3) 51 (89.5) 0.356

Female 8 (16.7) 6 (10.5)

HBsAg

Negative 6 (12.5) 6 (10.5) 0.751

Positive 42 (87.5) 51 (89.5)

HBV-DNA

<5.0×102 19 (39.6) 11 (19.3) 0.022*

≥5.0×102 29 (60.4) 46 (80.7)

AFP (ng/mL)

<400 28 (58.3) 18 (31.6) 0.006*

≥400 20 (41.7) 39 (68.4)

Tumor size (cm)

<5 13 (27.1) 10 (17.5) 0.239

≥5 35 (72.9) 47 (82.5)

Tumor number

Single 35 (72.9) 30 (52.6) 0.033*

Multiple 13 (27.1) 27 (47.4)

Liver cirrhosis

Negative 4 (8.3) 0 0.087

Positive 44 (91.7) 57 (100)

Edmondson grade

III–IV 16 (33.3) 26 (45.6) 0.201

I–II 32 (66.7) 31 (54.4)

BCLC stage

0–A 32 (66.7) 25 (43.9) 0.019*

B–C 16 (33.3) 32 (56.1)

(Continued)

Table 3 (Continued). 

Variables CTC<6 CTC≥6 P value

n = 48 n = 57

Tumor capsule

Complete 34 (70.8) 30 (52.6) 0.057

Incomplete 14 (29.2) 27 (47.4)

MVI

Negative 17 (35.4) 16 (28.1) 0.419

Positive 31 (64.6) 41 (71.9)

PVTT

Negative 41 (85.4) 41 (71.9) 0.096

Positive 7 (14.6) 16 (28.1)

Notes: Values are n (%); P < 0.05 was considered significant; *p < 0.05. 
Abbreviations: AFP, alpha-fetoprotein; BCLC stage, Barcelona Clinic Liver Cancer 
stage; CTCs, circulating tumor cells; HCC, hepatocellular carcinoma; HBV-DNA, 
hepatitis B virus DNA; HBsAg, hepatitis B surface antigen; MVI, microvascular 
invasion; PVTT, portal vein tumor thrombosis.
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closely related to the EMT, and that CK19-positive cells 
express several genes associated with the EMT and show 
higher motility and migration than CK19-negative cells.26 

EMT enhances tumor mobility and invasiveness and is 
believed to facilitate metastasis.47–49 During EMT, cancer 
cells lose some of their epithelial characteristics and acquire 
more migratory mesenchymal cell-like characteristics, 
undergoing major changes in their cytoskeleton.50,51 Our 
results suggest that high levels of M-CTCs are closely 
related to the expression of CK19 and lead to a poor prog-
nosis in patients with CK19-positive HCC. CK19 may reg-
ulate EMT and promote an increase in the number of CTCs, 
ultimately leading to poor prognosis.

Interestingly, we found from the postoperative clinical 
results of HCC patients that those with CK19-positive HCC 

were younger, had higher serum AFP levels and showed 
lower rates of tumor envelope formation than those with 
CK19-negative HCC. These results suggest that the expres-
sion of CK19 in HCC increases tumor invasiveness.

This study presents several limitations. First, our 
cohort was relatively small. To overcome this limitation, 
we will further verify this conclusion in follow-up research 
and will conduct research in a multi-center cohort. In 
addition, the present study was conducted only at the 
clinical level. Molecular studies are needed to elucidate 
the causes of poor prognosis in CK19-positive patients 
with high CTCs in peripheral blood. This may help to 
find a new target for “precise therapy” for CK19-positive 
HCC patients with high preoperative CTC counts.

Conclusion
High CTC count and high M-CTC percentage are closely 
related to the expression of CK19 in HCC, which in turn is 
associated with recurrence. The preoperative number of 
CTCs undergoing EMT may be significantly higher in 
CK19-positive HCC patients than in CK19-negative 
patients. In CK-19 positive patients, the main CTC type 
may be mesenchymal. Preoperative CTC analysis com-
bined with postoperative analysis of CK19 expression 
may be a new method for predicting prognosis of HCC 
patients after surgery.
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Figure 4 Association of CTC counts with CK19 immunostaining, and survival analysis based on this association. (A) Comparison of CK19- or CK19+ patients stratified by 
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