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Analysis of preoperative circulating tumor cells for recurrence in 
patients with hepatocellular carcinoma after liver transplantation
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Background: Liver transplantation (LT) is an effective option for hepatocellular carcinoma (HCC) and 
end-stage liver cirrhosis. However, organ shortage and tumor recurrence are the main obstacles limiting 
its popularization and application in HCC patients. Testing for circulating tumor cells (CTCs) would be 
a valuable strategy to predict the recurrence and metastasis of HCC after LT. Various CTCs detection 
methods have different advantages and disadvantages. This study aims to investigate the predictive value of 
testing for CTCs based on immunofluorescence in situ hybridization of peripheral blood cells in patients 
with HCC after LT.
Methods: A total of 50 patients who received testing for CTCs and then underwent LT were enrolled in 
this study. Negative enrichment and immunofluorescence in situ hybridization (imFISH) methods were 
introduced to detect CTCs.
Results: Twenty-six (52%) patients were CTC-positive, and 24 (48%) patients were CTC-negative. 
The results showed that CTCs result was correlated with tumor size (ꭓ2=5.773, P=0.016), AFP level 
(ꭓ2=5.454, P=0.020) , tumor grade (ꭓ2=6.478, P=0.039) and Recurrence(ꭓ2=6.211, P=0.013).Twelve patients 
had recurrence after LT within one year. The results showed that the CTCs result (P=0.034) was the only 
independent factor impacting long-term survival. The 1-year disease-free survival rates of CTC-negative and 
CTC-positive patients were 91.6% and 61.5%, respectively (P=0.020). The 1-year overall survival of CTC-
positive patients and CTC-negative was 88.5% and 91.7%, respectively (P=0.751). 
Conclusions: CTCs result was closely related to the early recurrence of patients with HCC after LT. 
CTC-positive patients had a worse prognosis after LT than the CTC-negative group.
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Introduction

Hepatocellular carcinoma (HCC) is a malignant disease 
with high morbidity and mortality. In the world, HCC is the 
fifth most common and third most deadly cancer, and it is 
the third leading cause of cancer-related death in China (1).  
Hepatectomy was once the standard treatment to cure HCC 
worldwide. However, according to some studies, even with 
radical resection, the overall 5-year recurrence rates of large 
hepatocellular carcinoma (LHC) and small hepatocellular 
carcinoma (SHC) are 80% and 43.5%, respectively (2). The 
main cause of recurrence is tumor cell dissemination via 
blood vessel infiltration. Circulating tumor cells (CTCs) are 
likely to spread before or after operation without a definite 
detection method. In addition, squeezing and destroying 
tumors during operation is also an important factor leading 
to hematogenous dissemination of tumor cells.

CTCs were first discovered in the blood of a patient 
with metastatic cancer and described by Ashworth et al. 
in 1869 (3). With nearly 100 years of improvements, the 
predictive value of CTCs has been emphasized. In 1998, 
Racila et al. introduced a new method to detect CTCs and 
suggested that CTCs appeared early and were associated 
with tumor progression, creating the theoretical basis for 
the clinical use of CTCs in current cancer research and 
therapy (4). Vona et al. first investigated the prognostic 
value of blood CTCs in patients with HCC and showed a 
close association with prognosis and recurrence in patients 
with HCC (5). Multifarious approaches were developed 
for detection, and various CTC methods result in different 
results. At present, the existing CTC detection methods are 
as follows: Immunoaffinity-based positive enrichment (6)  
(antibodies target tumor cell-associated antigens and 
then adhere to magnetic particles), immunoaffinity-based 
negative enrichment (7) (antibodies target unwanted 
background cells and then adhere to magnetic particles), 
biophysical separation methods [cells are separated by 
biophysical characteristics such as density (8)], direct 
imaging modalities (a series of novel methods developed to 
replace enrichment), functional assays (enrichment is based 
on cell bioactivity), and so on.

Liver transplantation (LT) is an effective treatment 
option for both tumors and cirrhosis (9). Patients who 
meet the Milan criteria and the University of California 
San Francisco (UCSF) criteria can achieve encouraging 
survival outcomes after LT. Saposochin et al. and Bruix  
et al. reported that the 5-year post-transplantation overall 
survival rate could reach 75% for patients with HCC 

meeting the criteria (10). However, organ shortage and 
recurrence limited the selection of LT treatment in patients 
with HCC. Prognoses of tumor recurrence based on CTCs 
are meaningful for the selection of LT patients and follow-
up observations. This retrospective study aims to investigate 
the predictive value of testing for CTCs for early recurrence 
of patients with HCC after LT. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-2751).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and approved 
by the Institutional Ethics Committee for Clinical Research 
and Animal Trials of the First Affiliated Hospital of Sun Yat-
sen University and informed consent waiver was granted by 
the IEC given the retrospective, minimal risk nature of the 
study {Approval ID: [2020]088}. 

General information

Three hundred and twenty-eight patients were diagnosed 
and then underwent LT in our department from January 
1st, 2016 to February 28th, 2019. Among them, a total of 
94 patients who were tested for CTCs were enrolled. 
The inclusion criteria were as follows: 18 to 75 years 
of age, a diagnosis of HCC confirmed by postoperative 
pathological examination, and follow-up of more than 
1 year. The exclusion criteria were as follows: patients 
with perioperative or nonrecurrence-related mortality, a 
diagnosis of other types of tumors, and follow-up of less 
than 1 year. Three patients’ postoperative pathological 
diagnoses were without tumors, 9 patients died within  
30 days of operation and 32 patients’ follow-up periods were 
less than 1 years. Afterwards, 50 patients were included in 
this study. The immunosuppressive regimen was tacrolimus 
(Tac) + mycophenolate mofetil (MMF). Corticosteroid was 
not included in routine regimen for its side effects. 

CTCs detection

The samples for CTCs analysis were collected at pre-
LT. Negative enrichment and imFISH methods were 
introduced to detect CTCs. Peripheral blood (3.2 mL) was 
processed by a Human Blood Cell Deletion Kit (Cyttel). 
First, red blood cells were lysed and depleted. The residual 
cell pellet was suspended again and incubated with anti-
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CD45 monoclonal antibody-coated magnetic beads for 20–
30 minutes. Then, A magnetic stand (Promega, Madison, 
WI) was used to separate these beads. The supernatant was 
subsequently used for identification.

The identification of enriched CTCs was performed 
by imFISH, which combined the FISH probes with 
chromosome 8 (orange) centromere probes (Abbott 
Molecular Diagnostics, Des Plaines, IL, USA) and anti-
CD45 monoclonal antibodies (Red, Cyttel). First, the 
CEP8 probe and specimen were hybridized at 37 ℃ for  
20–90 minutes in a hybridizer (DAKO). Subsequently, they 
were washed in 50% formamide at 43 ℃ for 15 minutes and 
then subjected to gradient alcohol. Finally, the specimens 
were incubated with anti-CD45 antibodies conjugated to 
Alexa Flour 594 (Invitrogen) for 1 hour. Afterwards, they 
were washed again with 0.2% BSA. Finally, the specimens 
were stained with DAPI, which contained Vectashield 
mounting medium. To be considered positive, CTCs 
needed to be hyperdiploid and have the phenotype CEP8+/
DAPI+/CD45-. The CTC test results are shown in Figure 1.

Follow-up

The patients were followed up for at least 1 year. For 
deceased patients/patients with recurrences, the date 
of death/recurrence was used as the last follow-up. 
Postoperative visits were performed on postoperative day 
(POD) 1-7, POD14 and each postoperative month (POM). 
Biomedical values, imaging examinations and tumor 
markers were documented. Routine Doppler ultrasound of 
the liver graft blood flow and biliary tract was performed 
once every 2 days for 7 days. Afterward, imaging studies 

were performed based on patients’ clinical status or 
laboratory findings. The follow-up deadline was February 
29th, 2020. 

Statistical analysis

All statistical analyses of the data were performed by SPSS 
version 26.0. All data are expressed as the mean ± standard 
deviation or the number and percentage of patients. For 
comparison between groups, the chi-square and Fisher’s 
exact tests were performed for frequencies and continuous 
data, respectively. Cox proportional hazards model was 
performed for multivariate analysis. Overall and disease-
free survival were compared using the Kaplan–Meier 
method with a log-rank test. A P value <0.05 was considered 
statistically significant.

Result

Patient characteristics

To eliminate selection bias, we compared baseline data 
between CTC-test group and no CTC-test group (Table 1)  
and there were no significant differences between 
groups (P>0.05). A total of 50 patients who were tested 
for CTCs and then underwent LT were analyzed, and 
their characteristics are shown in Tables 2 and 3. The 
male-to-female ratio was 24 to 1. The mean age was  
52.88±1.43 years old. Forty-seven (94%) patients had 
cirrhosis, and 38 (76%) patients had hepatitis B virus (HBV) 
infection. Nineteen (38%) patients had larger tumors 
(>6.5 cm) and 5 (10%), 24 (48%), and 21 (42%) patients 

Positive Negative Leukocyte

A B C

Figure 1 Preoperative CTC fluorescence imaging in patients with HCC. The phenotype of CTCs was CEP8+/DAPI+/CD45- (DAPI: blue; 
CEP8: orange; CD45: red). When the CEP8 signal was ≥3, it was considered positive (A). When the CEP8 signal was ≤2, it was considered 
negative (B). The phenotype of leukocytes was CEP8+/CD45+/DAPI+ (C).
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Table 1 Comparison of baseline data between CTC-test group and no CTC-test group

Variables Total (n=328) (%) CTC-test (n=50) (%) No CTC-test (n=278) (%) ꭓ2 P value

Age, years 0.12 0.728

<50 137 (41.8) 22 (6.7) 115 (35.1)

≥50 191 (58.2) 28 (8.5) 163 (49.7)

Gender 2.220 0.36

Male 296 (80.2) 48 (14.6) 248 (75.6)

Female 32 (9.8) 2 (0.6) 30 (9.1)

AFP (μg/L) 0.150 0.699

≤400 237 (72.3) 35 (10.7) 202 (61.6)

>400 91 (27.7) 15 (4.6) 76 (23.2)

Cirrhosis 0.005 0.946

No 19 (5.8) 3 (0.9) 16 (4.9)

Yes 309 (94.2) 47 (14.3) 262 (79.9)

TNM staging 2.275 0.517

I 29 (8.8) 4 (1.2) 25 (7.6)

II 103 (31.4) 16 (4.9) 87 (26.5)

III 174 (53.0) 29 (8.8) 145 (44.2)

IV 22 (6.7) 1 (0.3) 21 (6.4)

CTC, circulating tumor cells; AFP, preoperative alpha-fetoprotein.

Table 2 Association between peripheral blood CTCs count and baseline data of 50 patients

Variables Count (%)
Peripheral blood CTCs count (%)

ꭓ2 P value
>1 0

Age, years 0.102 0.746

<50 22 (6.7) 12 (3.7) 10 (3.0)

≥50 28 (8.5) 14 (4.3) 14 (4.3)

Gender

Male 48 (14.6) 25 (7.6) 23 (7.0) 0.003 0.954

Female 2 (0.6) 1 (0.3) 1 (0.3)

Tumor size (cm) 5.773 0.016

≤6.5 31 (9.5) 12 (3.7) 19 (5.8)

>6.5 19 (5.8) 14 (4.3) 5 (1.5)

Tumor amount 0.765 0.382

≤3 39 (11.9) 19 (5.8) 20 (6.1)

>3 11 (3.4) 7 (2.1) 4 (1.2)

PVT 0.056 0.814

No 41 (12.5) 21 (6.4) 20 (6.1)

Yes 9 (2.7) 5 (1.5) 4 (1.2)

Table 2 (continued)
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Table 2 (continued)

Variables Count (%)
Peripheral blood CTCs count (%)

ꭓ2 P value
>1 0

Milan criteria 2.826 0.093

No 27 (8.2) 17 (5.2) 10 (3.0)

Yes 23 (7.0) 9 (2.7) 14 (4.3)

UCSF criteria 1.282 0.258

No 22 (6.7) 15 (4.6) 7 (2.1)

Yes 28 (8.5) 11 (3.4) 17 (5.2)

Pre-transplantation treatment 3.994 0.550

TACE 10 (3.0) 7 (2.1) 3 (0.9)

Resection 2 (0.6) 1 (0.3) 1 (0.3)

RFA 14 (4.3) 6 (1.8) 8 (2.4)

Resection with TACE 1 (0.3) 0 1 (0.3)

Resection with TACE and RFA 1 (0.3) 0 1 (0.3)

None 22 (6.7) 12 (3.7) 10 (3.0)

AFP (μg/L) 5.454 0.020

≤27 25 (7.6) 11 (3.4) 14 (4.3)

>27 25 (7.6) 15 (4.6) 10 (3.0)

HBsAg 0.025 0.874

Negative 12 (3.7) 6 (1.8) 6 (1.8)

Positive 38 (11.6) 20 (6.1) 18 (5.5)

Cirrhosis 2.946 0.086

No 3 (0.9) 3 (0.9) 0 (0)

Yes 47 (14.3) 23 (7.0) 24 (7.3)

Tumor grade* 6.478 0.039

Grade I 5 (1.5) 0 (0) 5 (1.5)

Grade II 24 (7.3) 15 (4.6) 9 (2.7)

Grade III 21 (6.4) 11 (3.4) 10 (3.0)

TNM staging 1.483 0.686

I 4 (1.2) 2 (0.6) 2 (0.6)

II 16 (4.9) 7 (2.1) 9 (2.7)

III 29 (8.8) 16 (4.9) 13 (4.0)

IV 1 (0.3) 1 (0.3) 0 (0)

MVI 0.056 0.814

Yes 9 (2.7) 5 (1.5) 4 (1.2)

No 41 (12.5) 21 (6.4) 20 (6.1)

Recurrence 6.211 0.013

Yes 12 (3.7) 10 (3.0) 2 (0.6)

No 38 (11.6) 16 (4.9) 22 (6.4)

Death 0.588 0.443

Yes 6 (1.8) 4 (1.2) 2 (0.6)

No 44 (13.4) 22 (6.7) 22 (6.7)

*, HCC cellular differentiation. CTC, circulating tumor cells; PVT, portal vein thrombosis; TACE, transarterial chemoembolization; RFA, 
radiofrequency ablation; AFP, preoperative alpha-fetoproteins; HBsAg, hepatitis B surface antigen; MVI, microvascular invasions. 
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Table 3 Analysis of relevant factors for recurrence of HCC in 50 patients

Variables Count (%)
Recurrence (%)

ꭓ2 P value
Yes No

Age, years 1.317 0.251

<50 22 (6.7) 7 (2.1) 15 (4.6)

≥50 28 (8.5) 5 (1.5) 23 (7.0)

Gender 0.658 0.417

Male 48 (14.6) 12 (3.7) 36 (11.0)

Female 2 (0.6) 0 (0) 2 (0.6)

Tumor size (cm) 13.773 0.000

≤6.5 31 (9.5) 2 (0.6) 29 (8.8)

>6.5 19 (5.8) 10 (3.0) 9 (2.7)

Tumor amount 3.559 0.059

≤3 39 (11.9) 7 (2.1) 32 (9.8)

>3 11 (3.4) 5 (1.5) 6 (1.8)

PVT 2.515 0.113

No 41 (12.5) 8 (2.4) 33 (10.1)

Yes 9 (2.7) 4 (1.2) 5 (1.5)

Milan criteria 5.469 0.019

No 27 (8.2) 10 (3.0) 17 (5.2)

Yes 23 (7.0) 2 (0.6) 21 (6.4)

UCSF criteria 9.914 0.002

No 22 (6.7) 10 (3.0) 12 (3.7)

Yes 28 (8.5) 2 (0.6) 26 (7.9)

Pre-transplantation treatment 4.488 0.481

TACE 10 (3.0) 3 (0.9) 7 (2.1)

Resection 2 (0.6) 1 (0.3) 1 (0.3)

RFA 14 (4.3) 1 (20.3) 13 (4.0)

Resection with TACE 1 (0.3) 0 1 (0.3)

Resection with TACE and RFA 1 (0.3) 0 1 (0.3)

None 22 (6.7) 7 (2.1) 15 (4.6)

AFP (μg/L) 1.754 0.185

≤27 25 (7.6) 4 (1.2) 21 (6.4)

>27 25 (7.6) 8 (2.4) 17 (5.2)

HBsAg 0.010 0.921

Negative 12 (3.7) 3 (0.9) 9 (2.7)

Positive 38 (11.6) 9 (2.7) 25 (7.6)

Table 3 (continued)
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Table 3 (continued)

Variables Count (%)
Recurrence (%)

ꭓ2 P value
Yes No

Cirrhosis 3.185 0.074

No 3 (0.3) 2 (0.6 ) 1 (0.3)

Yes 47 (14.3) 10 (3.0) 37 (11.3)

Tumor grade* 1.709 0.426

Grade I 5 (1.5) 0 (0) 5 (1.5)

Grade II 24 (7.3) 6 (1.8) 18 (5.5)

Grade III 21 (6.4) 6 (1.8) 15 (4.6)

TNM staging 4.486 0.214

I 4 (1.2) 0 4 (1.2)

II 16 (4.9) 2 (0.6) 14 (4.3)

III 29 (8.8) 10 (3.0) 19 (5.8)

IV 1 (0.3) 0 1 (0.3)

CTCs 6.211 0.013

>1 26 (7.9) 10 (3.0) 16 (4.9)

0 24 (7.3) 2 (0.6) 22 (6.7)

MVI 2.515 0.113

Yes 9 (2.7) 4 (1.2) 5 (1.5)

No 41 (12.5) 8 (2.4) 33 (10.0)

*, HCC cellular differentiation. HCC, hepatocellular carcinoma; PVT, portal vein thrombosis; TACE, transarterial chemoembolization; RFA, 
radiofrequency ablation; AFP, preoperative alpha-fetoproteins; HBsAg, hepatitis B surface antigen; CTC, circulating tumor cells. 

had tumors classified as grade I, grade II and grade III, 
respectively (11). The median alpha fetoprotein (AFP) levels 
in these 50 patients was 27 μg/L. Four, 16, 29 and 1 patients 
had tumors classified as stage I, II, II and IV, respectively. 
The median follow-up time was 16.4 months (IQR,  
15.4–25.55) for recurrence and 20.0 months (IQR, 12.28–
24.07) for survival, respectively. 

CTCs result

The data of 50 patients were analyzed and are shown in 
Table 2. Twenty-six (52%) patients were CTC-positive 
(CTCs >1), and 24 (48%) patients were CTC-negative 
(CTCs ≤1). The mean ages of the CTC-positive group 
and CTC-negative group were 52.31±1.97 years old and 
53.50±2.12 years old, respectively. The median preoperative 
AFP levels of the CTC-positive group and CTC-negative 
group were 109.0 and 15.9 µg/L, respectively. The results 

showed that CTCs result was correlated with tumor size 
(ꭓ2=5.773, P=0.016), AFP level (ꭓ2=5.454, P=0.020), tumor 
grade (ꭓ2=6.478, P=0.039) and Recurrence (ꭓ2=6.211, 
P=0.013). 

Analysis of recurrence factors after LT

Analysis of the 50 patients revealed that 12 (24%) patients 
had a recurrence after LT (Table 3). All 12 patients were 
male, and the mean age was 50.67±3.39 years old. The 
mean preoperative AFP levels of the recurrence group and 
non-recurrence group were 115,840.99±111,306.46 and 
945.82±573.35 µg/L, respectively. Ten of these 12 patients 
had cirrhosis. Ten of these 12 patients were positive for 
CTCs. The results showed that recurrence was correlated 
with tumor size (ꭓ2=13.733, P<0.001), compliance with 
Milan criteria (ꭓ2=5.469, P=0.019), compliance with USCF 
criteria (ꭓ2=9.914, P=0.002), and the CTCs result (ꭓ2=6.211, 
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P=0.013), while there were no significant differences in 
other groups like preoperative AFP (ꭓ2=1.754, P=0.185). In 
multivariate analysis, CTCs result was the only independent 
impact factor [CTCs: P=0.0.34; preoperative AFP: P=0.263; 
Pre-transplantation intervention: P=0.261; Tumor grade: 
P=0.564; microvascular invasions (MVI): P=0.196] (Table 4).

Analysis of disease-free survival and overall survival after 
LT

During the 12-month follow-up period, two of 24 CTC-
negative patients and 10 of 26 CTC-positive patients 
experienced recurrence. The mean disease-free survival 
times of CTC-negative and CTC-positive patients were 
28.75±1.56 and 20.14±2.13 months, respectively. The 

1-year disease-free survival rates of CTC-negative and 
CTC-positive patients were 91.6% and 61.5%, respectively 
(91.6% vs. 61.5%, P=0.020, Figure 2). The mean overall 
survival times of CTC-negative and CTC-positive patients 
were 28.81±1.53 and 32.50±2.0 months, respectively. The 
1-year overall survival rate of patients with CTC-positive 
was similar to those with CTC-negative (88.5% vs. 91.7%, 
P=0.751, Figure 3). Thirty-two patients whose follow up 
periods were less than 1 year did not suffer from deaths or 
recurrences. 

Discussion

Hepatectomy was once the standard treatment to cure 
HCC worldwide. However, even with complete resection, 
the recurrence after hepatectomy remains high. LT is an 
attractive option to cure HCC completely. It can offer R0 
resection and achieve the widest negative incisal margin (12). 
Early studies revealed poor outcomes after LT for HCC 
related to tumor pathological staging (13). Several advances 
have been made in the field of LT over decades. With 
the development of selection criteria such as the Milan 
criteria and the UCSF criteria (14), technical advances, 
and enhanced knowledge of HCC staging and biology, 
the therapeutic efficacy of LT for HCC has achieved an 
improvement in the 5-year survival rate (15). Approximately 
40% of LT recipients are HCC patients, which means 
that HCC has been a frequent indication for LT (16,17). 
However, obstacles exist and affect the prognosis of LT for 
HCC. Organ shortage has become a worldwide issue, with 
many patients dying on the waiting list (18,19). For patients 

Table 4 Multivariate analysis of relevant factors for recurrence of 
HCC in 50 patients

Variable
Multivariate analysis

RR (95% CI) P value

AFP 2.018 (0.591–6.891) 0.263

CTCs 5.411 (1.132–25.874) 0.034

Pre-transplantation 
intervention

0.505 (0.154–1.660) 0.261

Tumor grade* 1.395 (0.450–4.329) 0.564

MVI 1.769 (0.745–4.200) 0.196

*, HCC cellular differentiation. HCC, hepatocellular carcinoma; 
AFP, preoperative alpha-fetoproteins; CTCs, circulating tumor 
cells; MVI, microvascular invasions. 
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Figure 2 Comparison of disease-free survival between the CTC-
positive group and the CTC-negative group in patients with HCC after 
LT. CTC, circulating tumor cell; HCC, hepatocellular carcinoma.

Figure 3 Comparison of overall survival between the CTC-positive 
group and the CTC-negative group in patients with HCC after LT. 
CTC, circulating tumor cell; HCC, hepatocellular carcinoma.
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with HCC, finding a method to predict the prognosis 
after LT is of great significance. In this study, we aimed to 
investigate the predictive value of testing for CTCs for the 
early recurrence of patients with HCC after LT.

First, we analyzed the baseline data of 50 patients. 
The patients were mostly male and had been diagnosed 
in their 50s. A large proportion of the tumors developed 
because of liver cirrhosis with chronic HBV infection and 
were in an advanced stage when discovered. The reason 
for these findings may be that in China, patients tend to 
undergo surgical resection or conservative treatment due to 
economic or ideological reasons, even if tumors are detected 
early. LT would be considered only when other treatments 
were ineffective or if the tumor progressed.

Testing for CTCs is a new noninvasive examination 
method for early diagnosis, determination of treatment 
options and prognostic evaluation in HCC due to the 
continuous improvements in methods related to cell 
separation and identification (20). Immunoaffinity-based 
positive enrichment (as also called positive enrichment) 
and immunoaffinity-based negative enrichment (as also 
called negative enrichment) are commonly used to detect 
CTCs. Positive enrichment uses antibodies to target 
tumor cell-associated antigens, which then adhere to 
magnetic particles, so tumor cells are captured. Epithelia 
cell adhesion molecule (EpCAM) is usually used as target 
antigen to capture CTCs, like the processed used by the 
Cell Search System (21). This system was approved by the 
FDA to monitor patients with metastatic solid cancers. 
However, the lower expression of EpCAM in HCC than 
in other solid tumors, such as breast cancer and colorectal 
cancer (22), results in false negative outcomes. Yamashita 
et al. reported that only 35% of HCC cells are positive 
for EpCAM (23). A low positive expression rate hampers 
its use in monitoring patients with tumor metastasis 
after LT. Negative enrichment, in contrast with positive 
enrichment, uses antibodies to target unwanted background 
cells such as leukocytes, which then adhere to magnetic 
particles, so tumor cells are retained. It has advantages in 
that it is simple, provides easy-to-use batch separation and 
allows for high-throughput processing (24). Compared 
with positive enrichment, it can enrich for all subtypes of 
CTCs. In addition, the size, density, and charge of CTCs 
will change due to cell damage and immune attack, and 
the accuracy of biophysical-related separation methods 
may be affected. Negative enrichment does not depend on 
any physical properties of tumor cells, so it can eliminate 
this effect. ImFISH further improves the sensitivity and 

signal intensity. In our study, by using this method, CTCs 
were detected in 26 of 50 (52%) patients before LT. The 
sensitivity and specificity of CTCs detection in our study 
were 83.3% and 62.5%, respectively. The results showed 
that this strategy had good sensitivity and specificity so it 
could be helpful to detect tumors. Schulze et al. revealed 
that CTCs that were EpCAM (+) had a positive correlation 
with HCC staging and AFP level (25). In our study, the 
results showed that CTCs result was correlated with tumor 
size (ꭓ2=5.773, P=0.016), AFP level (ꭓ2=5.454, P=0.020) 
and tumor grade (ꭓ2=6.478, P=0.039). Our study results 
supported Schulze’s report. 

With improvements in CTCs detection methods, 
most studies have revealed that CTCs are related to 
HCC recurrence, metastasis, disease-free survival (DFS) 
and overall survival (OS). Cheng et al. (26) revealed that 
total CTCs are more effective compared with AFP in the 
diagnosis of HCC. Our study showed that the preoperative 
positive rate of CTCs and the postoperative recurrence rate 
in patients with HCC were 52% and 24%, respectively. 
The recurrent rate in patient meeting Milan criteria and 
UCSF criteria was 8.7% and 7.1%, respectively. The 
recurrence time after LT was earlier in CTC-positive 
patients than in the CTC-negative group (20.14±2.13 and 
28.75±1.56 months, P=0.020). The 1-year overall survival 
rate of patients with CTC-positive was smaller than those 
with CTC-negative, but without significantly difference 
(88.5% vs. 91.7%, P=0.751). In multivariate analysis, we 
found that CTCs result was the only independent impact 
factor affecting recurrence and preoperative AFP was not 
significantly different. Sun et al. (27) reported that patients 
with more CTCs had a worse prognosis after surgery than 
patients with less CTCs. However, Wang (28) suggested 
that CTCs levels and subtype were not effective in 
monitoring HCC recurrence after LT. Our study supported 
Sun’s conclusion. Some reports concluded that LT survival 
within one year can reach 80% to 90% (29). In our study, 
1-year overall survival rate was 88% (44/50), and it was 
consistent with the current epidemiological results. We 
didn’t observe the effect of CTCs result on survival rate, 
and the reason would be small sample size and short follow-
up period. Residual CTCs may still cause metastasis or 
recurrence even after removal of the primary cancer or 
transplantation, and changes in the number of CTCs during 
therapy may predict prognosis and recurrence in patients 
with cancer (30). Therefore, further studies are needed to 
investigate the predictive value of postoperative CTCs in 
patients with HCC. 
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Our study is limited by its small sample size and by 
being from a single-center institution. Larger multicenter 
studies are needed to determine whether CTCs result can 
predict recurrence in patients with HCC after LT. Second, 
other tumor types, such as cholangiocarcinoma, were not 
investigated in this study. In addition, postoperative CTCs 
were not included in this study. The association between 
postoperative CTCs and early recurrence of patients with 
HCC after LT should have been analyzed in the study. For 
future studies, the 3- and 5-year DFS and OS values should 
be calculated to obtain more convincing conclusions.

Conclusions

In conclusion, CTCs result was closely related to the early 
recurrence of patients with HCC after LT, and patients in 
the CTC-positive group had a worse prognosis than those 
in the CTC-negative group. Larger multicenter studies are 
needed, and longer follow-up outcomes should be used to 
obtain more convincing results.
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