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Background: The objective of this study is to elucidate the prevalence of systemic circulating tumor cells (CTCs) prior to and following resection of hepatocellular carcinoma (HCC), and to compare the disparities in postoperative CTCs in terms of quantity and classifications between the open liver resection (OPEN) and laparoscopic liver resection (LAP) cohorts.

Patients, materials, and methods: From September 2015 to May 2022, 32 consecutive HCC patients who underwent laparoscopic liver resection at Southwest Hospital were retrospectively enrolled in this study. The clinicopathological data were retrieved from a prospectively collected computer database. Patients in the OPEN group matched at a 1:1 ratio with patients who underwent open liver resection during the study period on age, gender, tumor size, number of tumors, tumor location, hepatitis B surface antigen (HBsAg) positivity, alpha-fetoprotein (AFP) level, TNM and Child-Pugh staging from the database of patients to form the control group. The Can-Patrol CTC enrichment technique was used to enrich and classify CTCS based on epithelial-mesenchymal transformation phenotypes. The endpoint was disease-free survival (DFS), and the Kaplan–Meier method and multiple Cox proportional risk model were used to analyze the influence of clinicopathological factors such as total CTCs and CTC phenotype on prognosis.

Results: The mean age of the 64 patients with primary liver cancer was 52.92 years (23–71), and 89.1% were male. The postoperative CTC clearance rate was more significant in the OPEN group. The total residual CTC and phenotypic CTC of the LAP group were significantly higher than those of the OPEN group (p = 0.017, 0.012, 0.049, and 0.030, respectively), which may increase the possibility of metastasis (p = 0.042). In Kaplan–Meier analysis, DFS was associated with several clinicopathological risk factors, including Barcelona Clinical Liver Cancer (BCLC) stage, tumor size, and vascular invasion. Of these analyses, BCLC Stage [p = 0.043, HR (95% CI) =2.03(1.022–4.034)], AFP [p = 0.007, HR (95% CI) =1.947 (1.238–3.062)], the number of positive CTCs [p = 0.004, HR (95% CI) =9.607 (2.085–44.269)] and vascular invasion [p = 0.046, HR (95% CI) =0.475 (0.22–1.023)] were significantly associated with DFS.

Conclusion: In comparison to conventional OPEN technology, LAP technology has the capacity to augment the quantity of epithelial, mixed, and mesenchymal circulating tumor cells (CTCs). Following the surgical procedure, there was a notable increase in the total CTCs, epithelial CTCs, and mixed CTCs within the LAP group, indicating a potential drawback of LAP in facilitating the release of CTCs.
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1. Introduction

HCC is one of the most common malignancies around the world (1). The treatment of HCC is developing rapidly and includes hepatectomy, targeted system treatment, new internal and external radiotherapy technologies and liver transplantation (2). Radical hepatectomy remains the primary treatment for primary hepatocellular carcinoma (HCC). While two surgical methods, laparoscopic hepatectomy (LAP) and open hepatectomy (OPEN), are available, the 5-year survival rate of HCC patients remains low due to the high early recurrence rate. Research has demonstrated that recurrence after tumor resection and shorter recurrence-free survival are closely associated with circulating tumor cells (CTCS) (3, 4). Consequently, assessing CTCS before and after radical hepatectomy is essential to improve the prognosis of HCC patients (5–8). Epithelial-mesenchymal transition (EMT) is a dynamic process that results in the complete or partial loss of epithelial cell characteristics and the acquisition of a mesenchymal phenotype, thereby enabling cancer cells to migrate to distant sites and increasing their risk of metastasis (9–11). Compared with the epithelial CTC, the mesenchymal phenotype is more aggressive, and surgical manipulation may facilitate the progression of the EMT (12, 13). Although the techniques for separating and characterizing CTC based on the physical properties of CTC or the expression of cell surface antigens have been reported (14, 15), the methods based on epithelial antigens may not be able to detect some aggressive CTC subgroups that may have experienced EMT (16). To address this issue, a recent publication has presented an optimized version of Can-PatrolTM CTC enrichment based on RNA in situ hybridization (RNA-ISH). This technique enables the characterization and classification of CTCs using epithelial and mesenchymal markers (such as EpCAM, E-cadherin, CK8/18/19, vimentin, and Twist) with high collection efficiency, making it ideal for many types of cancer. Our study enriched and classified CTCs from patients with HCC using Can-Patrol™ CTC enrichment and RNA-ISH analysis, since few studies have examined EMT in CTCs from HCC patients. Furthermore, we examined the association between CTC subgroups and patient characteristics and outcomes. Additionally, we investigated the relationship between patient characteristics and outcomes and CTC subgroups (17–19). Several small-scale studies have been conducted to assess the effects of laparoscopic liver resection versus open liver resection on CTCs, however, the results are not consistent. As part of this study, we compared the positive rate of CTCs before and after hepatectomy and analyzed the effects of different surgical methods on postoperative CTCs. Furthermore, we evaluated the prognosis of patients with HCC after different surgical resection methods.



2. Materials and methods


2.1. Patient samples

From September 2015 to May 2022, 32 consecutive patients with hepatocellular carcinoma (HCC) who underwent laparoscopic liver resection at the Institute of Hepatobiliary Surgery, Southwest Hospital, Chongqing, China were enrolled in this study. The diagnosis of HCC was confirmed by histopathological examination of the operative specimens, and the clinicopathological data were retrieved from a prospectively collected computer database (Southwest Hospital Scientific Research Platform). Patients in the study group were matched at a 1:1 ratio with patients who underwent open liver cancer resection during the study period. Matching criteria included age, gender, tumor size, number of tumors, tumor location, hepatitis B surface antigen (HBsAg) positivity, alpha-fetoprotein (AFP) level, TNM and Child-Pugh staging, which were all obtained from the database of patients to form the control group. The same inclusion and exclusion criteria were applied to both the study and control groups (Figure 1B).
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FIGURE 1
 Isolation of CTCs and RNA-ISH analysis of blood samples from patients with HCC treated with laparoscopic hepatectomy and open hepatectomy. (A) Process of CTC isolation and detection by Can-Patrol™ CTC-enrichment and in situ hybridization (ISH). (B) Flow chart of patient enrolment. (C) CTCs were detected and classified using EMT markers. CD45 staining of leukocytes (white fluorescence). Epithelial (EpCAM and CK8/18/19, red fluorescence) and mesenchymal markers (vimentin and Twist, green fluorescence) were used on CTCs. Cells were analysed using a 100x objective.


The study was approved by the Ethics Committee of the First Affiliated Hospital of Army Military Medical University, PLA (KY2017047). Written informed consent was obtained from the patients and their families.

All patients underwent the same preoperative evaluation protocol, which included abdominal ultrasonography, computed tomography (CT) scans of the chest and abdomen, CT angiography of the hepatic artery, hepatic vein, and portal vein, electrocardiography (ECG), and blood biochemistry. Additionally, epithelium-mesenchymal phenotype circulating tumor cells (CTCs) in the peripheral blood were detected in all patients 3 days before and post-surgery. Liver function tests were assessed using the Pugh-Child grading system and the indocyanine green clearance test at 15 min (ICG-R15).



2.2. Isolation of CTCs with the Can-Patrol™ system and tri-color RNA-ISH assay

To separate and detect CTCs, we used the Can-PatrolTM system (20–22). We collected 15 mL samples of the peripheral blood of patients with HCC patients 3 days before and after the operation. Then, the samples were placed in Ethylene Diamine Tetraacetic Acid (EDTA)tubes and centrifuged. The cell beads were collected, and the supernatant was discarded. Subsequently, 5 mL of PBS was added to the tube, and the cell pellet was resuspended. The high-concentration cell suspension was then passed through the filter membrane under vacuum conditions, thus allowing the CTCs to be collected on the filter membrane (19, 23, 24).

We adopted multiple RNA-ISH technologies and designed three sets of nucleic acid probes to detect the expression of the epithelial-mesenchymal transition (EMT) marker, a leukocyte marker (CD45), epithelial markers (CK8, 18 and 19, and EpCAM), and mesenchymal markers (Twist and Vimentin) in circulating tumor cells (CTCs). We used a fluorescence optical microscope to quantitatively analyze the cells, with red used to mark epithelial cells, green used to mark mesenchymal cells, and white used to mark CD45+ cells. Additionally, 4, 6-diamidino-2-phenylindole (DAPI) was used to stain the cells’ nuclei (23, 25). The primer sequences used by the probes are detailed in Supplementary Table S2 (26) (Figure 1A; Supplementary Figure S9).



2.3. Surgical procedures


2.3.1. LAP procedures

The patient was placed in the supine position, and the main and auxiliary operating holes were established in sequence. After freeing the liver, the first hepatic hilar occlusion band was preset, and the incision line was delineated according to preoperative imaging examination, intraoperative ultrasound, or the ischemic area after anatomical occlusion of the corresponding hepatic segment. The resection margin should be at least 2 cm from the tumor edge. The liver parenchyma was severed with an ultrasonic knife, and the tubes with a diameter greater than 3 mm were clamped with continuous titanium clips. The tubes with a smaller diameter were directly closed with the ultrasonic knife. The cross-section was stopped using an ultrasonic scalpel and bipolar coagulation, and the wound was then covered with hemostatic gauze. There was no active bleeding, the plasma drainage tube is placed under the liver section and led out from the abdominal wall. As soon as the pneumoperitoneum was removed, each puncture hole was sutured (27, 28). Special instruments used in this procedure included: trocar (CB12LT, Ethicon, Mexico), electric endoscopic arthroscopic linear cutting and stapler (PSE45A, Ethicon, Mexico), electric endoscopic linear cutting and stapler and staple cartridge (GCFRGW, Ethicon, Mexico), Ultrasonic High-Frequency Surgical Integrated System Ultrasonic Blade (HAR36, Ethicon, Mexico), Burst Clip Applier and Clips (ER320, Ethicon, Mexico), Disposable Central Venous Catheter Kit, (4161211P, bra, Germany).



2.3.2. OPEN procedures

Both OPEN and LAP procedures were anesthetized using the same method. Under general anesthesia, the patients were placed in a “human”-shaped supine position. According to the specific location of the lesion, an incision was made at the midline of the abdomen or the right subcostal border, and the perihepatic ligaments were dissociated to fully reveal the location of the lesion. Ultrasonic scalpels were used to separate liver parenchyma, lesion tissue was removed, bleeding was actively controlled, and bile leaks were checked. Blood vessels and parenchymal tissues were dissected with the Cavitron ultrasonic surgical aspirator, and bleeding was stopped with bipolar coagulation (29, 30).




2.4. Postoperative care

Uniform care and monitoring were administered to all patients postoperatively. Blood tests and liver function tests were conducted on days 1, 3, and 7 subsequent to the surgical procedure. Removal of the abdominal drainage tube was contingent upon the presence of serous drainage fluid and absence of bile leakage. Additionally, ultrasound imaging was typically conducted prior to discharge.



2.5. Statistical methods

Correlation analysis was conducted using Pearson, Spearman, and Kendall’s tau-b correlations with the Statistical Package for Social Sciences (SPSS version 26, IBM Corp) (31). Categorical data and measurement data were evaluated using the χ2 test and t-test, respectively. Prognostic factors of early recurrence were assessed through univariate and multivariate Cox regression analyses. The association between recurrence and prognostic factors was determined using a Kaplan–Meier survival analysis, with log-rank tests employed to identify any differences in the curves. p value<0.05 was considered statistically significant.




3. Results


3.1. Patient characteristics

Among the patients included in the study, 64 patients with HCC included in the study, provided a total of 128 blood samples. The characteristics of the study participants are listed in Supplementary Table S1. There were 64 patients with HCC treated with resection (57 men and 7 women), aged 23–71 years on average. Among the reported cases of HCC, nine were well-differentiated (14.1%), 50 (78.1%) were moderately differentiated, and five (7.2%) were poorly differentiated. The BCLC stage A patient count was 38 (59.5%) and the BCLC stage B patient count was 26 (40.6%). The TNM staging analysis revealed 44 (68.8%) patients with TNM stages I-II and 20 (31.3%) patients with TNM stages III. The majority of patients in this cohort (63 cases, 98.4%) had cirrhosis of the liver, of whom 33 (51.6%) had intrahepatic metastasis and 34 (53.1%) had tumor vascular invasion (Supplementary Table S1).

Baseline clinical features and tumor features were shown in Table 1; Supplementary Table S3. No significant differences were found between the two groups in terms of the operation time, blood loss, and a number of patients not requiring transfusions. Kringle’s median maneuver time was similar between the two groups, about 1 hour. The baseline data did not differ significantly between the groups (p > 0.05).



TABLE 1 Baseline characteristics of patients during treatment.
[image: Table1]



3.2. EMT is a key step in CTCs formation

The number, type, and expression of specific genes and proteins in CTCs are closely related to tumor progression (32). For the separation, classification and identification of CTCs, Can-Patrol’s second-generation typing detection technology was used (Figure 1A). After separating the CTCs and extracting 10 mL of peripheral blood from two groups of patients who underwent different surgical methods, the red blood cells (RBCs) in the peripheral blood were lysed and then filtered through a nanomembrane. To enrich CTCs, tumor cells were separated from white blood cells (WBCs) based on their sizes. In the second step of identification, a new type of multiple mRNAs in situ analysis (MRIA) method was used to locate the enriched CTCs with a specific nucleic acid to achieve the purpose of typing and identifying CTCs. Red and green fluorescent signals were used to represent epithelial and mesenchymal gene expression, respectively. The white fluorescent signal represents CD45 gene expression (WBC marker, Figure 1C; Supplementary Table S2).

To classify and count CTCs, we used RNA-ISH analysis to divide CTCs into the following three subgroups: (1) epithelial CTC(E > M-CTC), (2) epithelial/mesenchymal mixed CTC (E ≈ M-CTC), (3) mesenchymal CTC (M > E-CTC) (Figure 1B; Supplementary Figure S7). Patient demographics were shown in Supplementary Table S1. Most of the 144 patients (90%) had CTC positive (EpCAM+CK+ CD45−DAPI+) in their blood samples, and 16 patients (10%) had CTC negative (EpCAM−CK+CD45−DAPI+). Our study found that among CTC-positive patients with HCC, 10 cases (6.3%) were epithelial (type E), 21 cases (75.6%) were mesenchymal (type M), and 13 cases (8.1%) were mixed (mixed type) (Supplementary Table S3).



3.3. Differences in total CTCs and phenotypes of CTCs in blood samples from patients with HCC before and after the two surgical regimens

We collected the blood of patients 3 days before surgery and 3 days after surgery for CTC detection and analysis, and the results showed that 96.88% of patients were CTC positive, including 93.75% in the LAP group and 100% in the OPEN group. Furthermore, there were no significant differences in preoperative total CTCs, epithelial CTCs, mixed CTCs, and mesenchymal CTCs between the two groups (p = 0.170, 0.882, 0.107, 0.944, Figures 2A–D).

[image: Figure 2]

FIGURE 2
 A comparison of total CTCs and CTC phenotypes in blood samples from patients with HCC before and after these two surgical regimens. (A) Preoperative total CTCs (/5 mL) (p = 0.170); (B) Preoperative epithelial CTCs (/5 mL) (p = 0.882); (C) Preoperative mixed CTCs (/5 mL) (p = 0.107); (D) Preoperative mesenchymal CTCs (/5 mL) (p = 0.944); (E) Postoperative total (/5 mL) (p = 0.017); (F) Postoperative epithelial CTCs (/5 mL) (p = 0.012); (G) Postoperative mixed CTCs (/5 mL) (p = 0.049); (H) Postoperative mesenchymal CTCs (/5 mL) (p = 0.030).(Value expressed in median with range in parentheses).


The changes in the number of total CTCs before and after operation between the two groups are different. The number of cases increasing the total CTCs in the LAP and the OPEN groups were 21 and 10, respectively. There was a significant difference between the two groups (p = 0.006) Further sorting of CTC phenotypes revealed that the LAP group had significantly higher levels of total CTCs, epithelial CTCs, mixed CTCs and mesenchymal CTCs compared to the OPEN group (p values are 0.017, 0.012, 0.049 and 0.030, respectively) (Figures 2E–H; Table 2).



TABLE 2 Comparison between open liver resection and laparoscopic liver resection, and observation of changes in preoperative and postoperative circulating tumor cell count.
[image: Table2]

The number of total circulating tumor cells (CTCs) was significantly increased after laparoscopic hepatectomy (p = 0.048, Figure 3A). Moreover, the number of epithelial CTCs after laparoscopic hepatectomy was significantly higher than that before the operation (p = 0.002, Figure 3B). However, there was no significant difference between the number of mixed CTCs and mesenchymal CTCs before and after the operation (p = 0.051, 0.889, Figures 3C,D). Additionally, the preoperative and postoperative differences of total CTCs, epithelial CTCs, mixed CTCs, and mesenchymal CTCs in the OPEN group were not significant (p values were 0.150, 0.233, 0.180, and 0.945, respectively; see Figures 3E–H).
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FIGURE 3
 The counts of CTCs and phenotypes after laparoscopic hepatectomy were significantly higher than those before the operation, but there was no significant change after open hepatectomy. (A): Total CTCs increased after laparoscopic hepatectomy (p = 0.048); (B) Epithelial CTCs increased after laparoscopic hepatectomy (p = 0.002);(C,D) Mixed CTCs and mesenchymal CTCs did not change after laparoscopic hepatectomy (p = 0.051,0.889); (E–H) Total CTCs, epithelial CTCs, mixed CTCs, and mesenchymal CTCs did not change significantly after open hepatectomy (p = 0.151, 0.233,0.180, and 0.945) (Paired t-test, GraphPad prism).




3.4. The changes in clinical indicators after the two operations were similar

To explore the difference between two different surgical methods in the recovery of patients’ liver function after surgery, we collected data on liver function indexes 3 days before and within 1 week after surgery. The study found that postoperative WBCs, aspartate aminotransferase (AST), alanine aminotransferase (ALT), neutrophils, AST to platelet count ratio index (APRI), total bilirubin (TBil), and prothrombin time (PT) increased in the laparoscopic (LAP) group (p = 0.0137, 0.0230, 0.0010, 0.0143, <0.0001, 0.0472 and 0.0015), while platelets (PLTs), albumin (ALB), and the number of red blood cells (RBCs) decreased after surgery (p = 0.0007, <0.0001, <0.0001). Similarly, in the open group, WBC, AST, ALT, neutrophils, APRI, TBil, and PT also increased (p = <0.0001, 0.0070, 0.0040, <0.0001, 0.0020, <0.0001). PLTs, ALB, and the number of RBCs also decreased after surgery (p < 0.0001). In the two radical operations for liver cancer within 1 week after surgery, the liver showed increased inflammation indicators due to damage, the clotting time became longer, and PLTs and ALB decreased due to blood loss. There was almost no change after AFP. They have similar trends in both OPEN and LAP surgical methods (Figure 4; Supplementary Figure S1; Supplementary Table S4); thus, the surgical methods harm liver function in the short term after surgery, and laparoscopy does not reduce the harm.

[image: Figure 4]

FIGURE 4
 Laparoscopic hepatectomy and open hepatectomy significantly changed various clinical indicators of liver function in patients with liver cancer. (A–N): The LAP and the OPEN. The WBC, AST, ALT, neutrophil, PT, APRI, and TB were increased (p < 0.05); (O–T): Postoperative ALB, PLT and red blood corpuscle of laparoscopic hepatectomy and open hepatectomy decreased (p < 0.05).




3.5. The prognostic effects of LAP and OPEN were different

There was no significant difference in the number of total CTCs, epithelial CTCs, mixed CTCs, and mesenchymal CTCs between the two groups before hepatectomy. However, the clearance rate of CTCs was more evident in the OPEN group. Postoperative residual total CTCs and various phenotypes CTCs in the LAP group were significantly higher than those in the OPEN group (p values were 0.017, 0.012, 0.049 and 0.030, respectively; Figures 2E–H). Additionally, the intrahepatic metastasis rate in the LAP group was higher than that in the OPEN group (p = 0.042; Supplementary Figure S3). During the follow-up period, 33 cases (51.6%) of all patients had a recurrence of liver cancer, with 15 cases in the OPEN group and 18 cases in the LAP group. All cases were related to the recurrence of extrahepatic liver cancer, and AFP was positively correlated with recurrence. Eighty percent of patients with an alpha-fetoprotein (AFP) level higher than 400 had recurrence (p = 0.017; Figure 5A). Additionally, the recurrence rate was higher in patients with vascular invasion (p = 0.046; Figure 5B). The median follow-up time for the entire population was 41.3 months (range 6–193.5), with a 1-year and 2-year disease-free survival (DFS) rate of 37.5 and 14.1%, respectively (Supplementary Figure S2A). The recurrence rate was similar between the laparoscopic (LAP) and open (OPEN) groups, with 18 (56.3%) and 15 (46.9%) cases, respectively (p = 0.453; Figure 5C; Supplementary Figure S2B). Of the 33 recurrences, three and two occurred in the lungs of the LAP and OPEN groups, respectively (p = 0.16). Of the recurrent cases, 10 received radiofrequency treatment after surgery, two received PDL-1 treatment and two underwent interventional treatment. Kaplan–Meier analysis showed that DFS was associated with several clinicopathological risk factors, including BCLC stage, tumor size, and vascular invasion (all p < 0.05, Figure 5).
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FIGURE 5
 The prognostic effects of laparoscopic hepatectomy and open hepatectomy were different. (A) A positive correlation was found between AFP classification and relapse (p < 0.05); (B) A positive correlation was found between vascular invasion and recurrence (p < 0.05); (C) Comparison of Laparoscopic and Open Surgery in terms of Short-term Recurrence (p > 0.05). (D) Among the three pairs of cancer and adjacent liver cancer tissues, the epithelial marker (E-Cadherin) in cancer tissue was higher than that in adjacent cancer tissue, and the mesenchymal marker (vimentin, N-Cadherin) in cancer tissue was lower than that in adjacent cancer tissue; (E) Cryosections were double-stained with N-cadherin and E-cadherin -specific antibody. (5-μm frozen sections, original magnifications, ×40). (F–I): Kaplan–Meier methods: AFP, Tumour size, Vascular invasion, surgical methods result (p were 0.007, 0.035, 0.048, 0.492). (J) overall survival (OS) of the patients with two different surgical groups (Log-rank test p-value = 0.446). (K–M): Kaplan–Meier methods: metastasis, BCLC, TNM staging results (<0.001, 0.036, 0.081). (DFS and OS results by Cox regression analysis).


The prognostic effects of laparoscopic (LAP) and open (OPEN) surgery were different (Figure 5). In vivo experiments utilizing BALB/c nude mice were conducted to demonstrate that the tumors derived from highly metastatic human liver cancer cells, designated 97H, exhibit the EMT signature (Figure 5E). Microvascular infiltration and metastasis were usually found at the time of liver resection and were significantly associated with a poor prognosis (33). Our results showed that patients with vascular invasion had a poorer survival than those without (Yes vs. not reached, median: 27.7 vs. 28.59, Log Rank p = 0.048) (Figures 5B,H). Additionally, the estimated median survival time of patients in the Barcelona Clinic Liver Cancer (BCLC) (A) and BCLC (B) groups was 26.83 months and 19.78 months, respectively, and the survival curves of the patients were significantly different (Log Rank p = 0.036), with BCLC (A) being better than BCLC (B) (Figure 5L). Additionally, patients with larger tumors (>3 vs. <3, median: 21.53 vs. 28.87, Log Rank p = 0.035) and intrahepatic metastasis (Yes vs. Not Reached, median: 14.85 vs. 37.47, Log Rank p < 0.0001) had a worse prognosis (Figures 5G,K). Furthermore, patients with AFP levels >400 μg/L had a worse prognosis than those with <20 μg/L and 20-400 μg/L (median: 14.07vs 31.38, 22.89, Log Rank p = 0.007, Figure 5F). However, after two surgeries, the survival curves of patients were similar (p = 0.492, Figure 5I). Moreover, the operation time, TNM stage, ALB and blood loss were not associated with prognosis in the short-term follow-up results (p = 0.492, 0.081, 0.472 vs. 0.89; Figure 5; Supplementary Figures S3, S6). Kaplan Meier analysis of DFS and overall survival (OS) were conducted for patients with different circulating tumor cell (CTC) phenotypes. The results showed that there were no statistically significant differences in DFS and OS among the groups of totals, epithelial, mixed and mesenchymal CTCs (p > 0.05; Supplementary Figure S8). Additionally, operation time, TNM stage, ALB, and blood loss were not associated with the prognosis during short-term follow-up. (p = 0.446; Figure 5J).

The primary objective of this study was to investigate the prognostic factors associated with disease-free survival (DFS) in patients classified as Child-Pugh stage A. To achieve this aim, thorough univariate and multivariate Cox analyses were performed. The comprehensive results are presented in Table 3, providing valuable insights into the relationships between various factors and DFS. The univariate analysis revealed significant associations between DFS and specific variables, including BCLC Stage [p = 0.043, HR (95% CI) = 2.03 (1.022–4.034)], AFP [p = 0.007, HR (95% CI) = 1.947 (1.238–3.062)], the number of positive CTCs [p = 0.004, HR (95% CI) = 9.607 (2.085–44.269)], and vascular invasion [p = 0.046, HR (95% CI) = 0.475 (0.22–1.023)]. To further investigate the significant factors identified in the univariate analysis, a subsequent multivariate analysis was conducted. Within the multivariate analysis, only the number of positive CTCs [p = 0.003, HR (95% CI) = 12.814 (2.331–70.432)] and AFP levels (>400, 20–400, <400) [p = 0.047, HR (95% CI) = 12.814 (2.331–70.432)] demonstrated meaningful associations with DFS. Notably, when comparing the two surgical methods employed (open group and LAP group), both the univariate and multivariate Cox analyses failed to identify any significant differences [p = 0.676, HR (95% CI) = 0.864 (0.435–1.715)].



TABLE 3 Multivariate and univariate Cox regression analysis of preoperative patient characteristics associated with HCC recurrence (n = 64).
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4. Discussion

Currently, liver cancer resection is recognized as an effective treatment. The laparoscopic procedure has a history of more than 100 years, dating back to 1901 (34, 35). With the development of technology, at present, the LAP has been applied to tumors in the entire liver are, and has become one of the standard treatments for resection of the right anterior and left lateral lobes. A large number of studies have confirmed the safety and feasibility of LAP (36, 37). Compared with OPEN, LAP has the advantages of aesthetics, less blood transfusion, less tissue damage, less patient pain, and shorter hospital stay. Although the application of LAP has developed fast, the prognosis is still poor due to the high incidence of recurrence and metastasis (38). In recent years, the application of laparoscopic technology in gynecological tumors has caused some questionable problems. A multicenter, randomized, open-label, phase 3, non-inferiority trial (LACC) demonstrated that, in patients with early-stage cervical cancer, the risk of death after minimally invasive surgery is higher than that after a radical hysterectomy performed with a traditional open incision (laparotomy). The minimally invasive procedure is also associated with higher recurrence rates than open surgery (39). The authors of the LACC trial proposed that the poorer oncologic outcomes in patients undergoing laparoscopic radical hysterectomy may be due to the contamination of the pelvis at the time of colpotomy, as well as the potential for the flow of CO2 to spread cancer cells into the abdominal cavity. Animal experiments have also suggested that CO2 pneumoperitoneum can lead to heavier intraperitoneal and incisional metastasis than the open controls. Ost etc. demonstrated that CO2 pneumoperitoneum inhibited the peritoneal macrophage TNF-α secretion. And the inhibition of peritoneal macrophage TNF-α secretion may contribute to the development of port-site metastasis (40). In another study on a murine neuroblastoma, CO2 pneumoperitoneum increased intrahepatic metastasis too (41).

After surgery, the LAP group had more epithelial, mixed, and mesenchymal CTCs than the OPEN group. The reasons for this may be that pneumoperitoneum, which is a requirement for laparoscopic liver resection and is usually achieved with carbon dioxide, and the need to maintain intra-abdominal pressure during the procedure, may promote the entry of tumor cells into the blood circulation or abdominal cavity postoperatively. This effect is not seen with open liver resection. After open liver resection, CO2 pneumoperitoneum (CDP) had no effect on circulating tumor cells. The increased abdominal pressure caused by CDP in a short period of time may affect hemodynamics, hemoperfusion and the functioning of important abdominal organs such as the liver. Furthermore, LAP may induce EMT. In recent years, CTC has been regarded as a major source of recurrence and metastasis after liver resection (42) and has become a key point of entry for studying the process and mechanism of tumor metastasis and recurrence (43). The preoperative numbers of epithelial, mixed, and mesenchymal CTCs were similar in the LAP and OPEN groups. However, the marked increase in various phenotypic CTCs in the postoperative LAP group may be associated with EMT. Laparoscopic surgery has been found to reduce postoperative CTC in a small number of studies compared to open surgery, but the number of cases in these studies is relatively small, and there are no results of related prospective multi-center studies (44). After the operation, the total CTCs in the LAP group were significantly higher than those in the OPEN group. This may be the result of the intra-abdominal pressure which must be maintained during laparoscopic surgery, and the flow of CO2 which may promote tumor cells to enter the blood circulation. Additionally, the total CTCs, epithelial CTCs, and mesenchymal CTCs in the laparoscopic group were significantly increased compared to before the operation. To elucidate the importance of CTCs in HCC patients for EMT, we employed an advanced Can-Patrol CTC enrichment technology and hybridization technology. The CTCs were enriched and classified from blood samples. Patients with CTC-positive HCC have a higher risk of recurrence and a shorter recurrence-free survival period (45). Through phenotypic changes, CTCs penetrate blood vessels, including EMT, and spread from primary tumors (13, 46). Tumor progression is associated with changes in the ratio of epithelial to mesenchymal CTC (47).

CTCs are metastatic culprits and represent an attractive and promising alternative to tumor biopsy for management and genomic analysis (12, 48–50). Postoperative total CTCs, epithelial CTCs, and mixed CTCs in the LAP group increased significantly compared to preoperative levels. This may be due to the same factors mentioned above. There was no significant difference in DFS between the two groups, which may be attributed to the short follow-up period. Single-cell analysis has revealed that CTCs often contain heterogeneous cell populations, which may reflect the degree of intratumorally heterogeneity and have important implications for prognosis and treatment resistance (51, 52). Furthermore, CTCs often appear heterogeneous in their epithelial-mesenchymal transition (EMT) status (47, 53). The expression of the epithelial marker (E-Cadherin) was found to be higher in cancer tissue than in adjacent cancer tissue, while the expression of the mesenchymal marker (vimentin, N-Cadherin) was lower in cancer tissue than in adjacent cancer tissue. Additionally, it was observed that the presence of more circulating tumor cells with positive qualitative markers (vimentin, N-cadherin) was associated with a poorer prognosis for patients.

This study has several limitations. First, it was designed retrospectively with a relatively small sample size, resulting in an unbalanced queue in terms of CTC count and subset state. We will conduct large cohort studies in future investigations. Second, the Can-Patrol system used to collect CTCs in this study allowed particles less than 8 mm in diameter to pass through the filter without being detected. The detection efficiency of CTCs can be improved by using multiple detection techniques in future research. Finally, due to the time and compliance of the patients, we cannot detect the CTC count 7 days or 2 weeks after surgery. Future research will improve the related work.



5. Conclusion

In summary, our findings indicate that laparoscopic resection of hepatocellular carcinoma (HCC) leads to an increase in the quantities of epithelial, mixed, and mesenchymal circulating tumor cells (CTCs) compared to open resection (OPEN). Additionally, postoperative total CTCs, epithelial CTCs, and mixed CTCs in the LAP group exhibited a significant increase compared to preoperative levels. These results suggest that laparoscopic resection may potentially promote the release of CTCs and facilitate tumor metastasis in HCC patients. However, further investigations are required to elucidate the specific mechanisms underlying this phenomenon.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of the First Affiliated Hospital of the Army Military Medical University ((B)2021012). All patients in the study signed and provided written informed consent.



Author contributions

YL, XW, and FX: conception or design. FX and JP: provision of study materials or patients. YL and XW: collection and/or assembly of data. YL, XW, YW, YF, and HS: data analysis and interpretation. RX: Funding acquisition and Resources. YL, XW, FX, JW, and PZ: manuscript writing. YL, XW, YT, RX, JP, YF, HS, YW, PZ, FX, and JW: financial approval of manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Chongqing Higher Education Teaching Reform Research Project (Grant No. 233039) and the Chongqing University Teaching Reform Research Project (Grant No. 2022Y22).



Acknowledgments

We are very grateful to the patients who participated in this study. We would like to thank Editage (www.editage.com) for English language editing.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1209403/full#supplementary-material



Abbreviations

BCLC stage, Barcelona Clinical Liver Cancer; AFP, Alpha-fetoprotein; WBC, White blood cell; ALB, Albumin; RBC, Red Blood Cell; ICG, Indocyanine green.; PLT, Platelets; PT, Prothrombin time; ICG, Indocyanine green; AST, Glutamic oxaloacetic transaminase; MVI, Microvascular tumor thrombus; APRI, Aspartate aminotransferase-platelet ratio; MVD, Micro vessel deity; ALT, Alanine aminotransferase; TNM, Tumor Node Metastasis.


References

 1. Forner,A, Reig,M, and Bruix,J. Hepatocellular Carcinoma. Lancet. (2018) 391:1301–14. doi: 10.1016/s0140-6736(18)30010-2

 2. Dhir,M, Melin,AA, Douaiher,J, Lin,C, Zhen,WK, Hussain,SM , et al. A review and update of treatment options and controversies in the management of hepatocellular carcinoma. Ann Surg. (2016) 263:1112–25. doi: 10.1097/sla.0000000000001556 

 3. Gonvers,S, Tabrizian,P, Melloul,E, Dormond,O, Schwartz,M, Demartines,N , et al. Is liquid biopsy the future commutator of decision-making in liver transplantation for hepatocellular carcinoma? Front Oncol. (2022) 12:940473. doi: 10.3389/fonc.2022.940473 

 4. Costa,C, Muinelo-Romay,L, Cebey-López,V, Pereira-Veiga,T, Martínez-Pena,I, Abreu,M , et al. Analysis of a real-world cohort of metastatic breast cancer patients shows circulating tumor cell clusters (Ctc-clusters) as predictors of patient outcomes. Cancers (Basel). (2020) 12:1111. doi: 10.3390/cancers12051111 

 5. Fan,ST, Yang,ZF, Ho,DW, Ng,MN, Yu,WC, and Wong,J. Prediction of Posthepatectomy recurrence of hepatocellular carcinoma by circulating cancer stem cells: a prospective study. Ann Surg. (2011) 254:569–76. doi: 10.1097/SLA.0b013e3182300a1d 

 6. von Felden,J, Schulze,K, Krech,T, Ewald,F, Nashan,B, Pantel,K , et al. Circulating tumor cells as liquid biomarker for high Hcc recurrence risk after curative liver resection. Oncotarget. (2017) 8:89978–87. doi: 10.18632/oncotarget.21208 

 7. Wei,C, Yang,C, Wang,S, Shi,D, Zhang,C, Lin,X , et al. Crosstalk between cancer cells and tumor associated macrophages is required for mesenchymal circulating tumor cell-mediated colorectal cancer metastasis. Mol Cancer. (2019) 18:64. doi: 10.1186/s12943-019-0976-4 

 8. Zheng,WJ, Wang,PX, Sun,YF, Cheng,JW, Zhong,YC, Xu,Y , et al. Uncovering the heterogeneity and clinical relevance of circulating tumor-initiating cells in hepatocellular carcinoma using an integrated Immunomagnetic-microfluidic platform. ACS Appl Mater Interfaces. (2022) 14:36425–37. doi: 10.1021/acsami.2c09085

 9. Gui,Y, Khan,MGM, Bobbala,D, Dubois,C, Ramanathan,S, Saucier,C , et al. Attenuation of met-mediated migration and invasion in hepatocellular carcinoma cells by Socs1. World J Gastroenterol. (2017) 23:6639–49. doi: 10.3748/wjg.v23.i36.6639 

 10. Gurzu,S, Kobori,L, Fodor,D, and Jung,I. Epithelial mesenchymal and endothelial mesenchymal transitions in hepatocellular carcinoma: a review. Biomed Res Int. (2019) 2019:2962580–12. doi: 10.1155/2019/2962580 

 11. Qi,LN, Xiang,BD, Wu,FX, Ye,JZ, Zhong,JH, Wang,YY , et al. Circulating tumor cells undergoing Emt provide a metric for diagnosis and prognosis of patients with hepatocellular carcinoma. Cancer Res. (2018) 78:4731–44. doi: 10.1158/0008-5472.Can-17-2459 

 12. Lin,D, Shen,L, Luo,M, Zhang,K, Li,J, Yang,Q , et al. Circulating tumor cells: biology and clinical significance. Signal Transduct Target Ther. (2021) 6:404. doi: 10.1038/s41392-021-00817-8 

 13. He,S, Yu,S, Wei,J, Ding,L, Yang,X, and Wu,Y. New horizons in the identification of circulating tumor cells (Ctcs): an emerging paradigm shift in Cytosensors. Biosens Bioelectron. (2022) 203:114043. doi: 10.1016/j.bios.2022.114043 

 14. Zarour,LR, Anand,S, Billingsley,KG, Bisson,WH, Cercek,A, Clarke,MF , et al. Colorectal cancer liver metastasis: evolving paradigms and future directions. Cell Mol Gastroenterol Hepatol. (2017) 3:163–73. doi: 10.1016/j.jcmgh.2017.01.006 

 15. Banys-Paluchowski,M, Witzel,I, Riethdorf,S, Pantel,K, Rack,B, Janni,W , et al. The clinical relevance of serum vascular endothelial growth factor (Vegf) in correlation to circulating tumor cells and other serum biomarkers in patients with metastatic breast cancer. Breast Cancer Res Treat. (2018) 172:93–104. doi: 10.1007/s10549-018-4882-z 

 16. Strati,A, Markou,A, Kyriakopoulou,E, and Lianidou,E. Detection and molecular characterization of circulating tumour cells: challenges for the clinical setting. Cancers [Internet]. (2023) 15:2185. doi: 10.3390/cancers15072185

 17. Wu,S, Liu,Z, Liu,S, Lin,L, Yang,W, and Xu,J. Enrichment and enumeration of circulating tumor cells by efficient depletion of leukocyte fractions. Clin Chem Lab Med. (2015) 53:337. doi: 10.1515/cclm-2015-5000 

 18. Lei,Y, Wang,X, Sun,H, Fu,Y, Tian,Y, Yang,L , et al. Association of Preoperative Nanog-Positive Circulating Tumor Cell Levels with recurrence of hepatocellular carcinoma. Front Oncol. (2021) 11:601668. doi: 10.3389/fonc.2021.601668 

 19. Long,Y, Chong,T, Lyu,X, Chen,L, Luo,X, Faleti,OD , et al. Foxd1-dependent Rala-Anxa2-Src complex promotes Ctc formation in breast cancer. J Exp Clin Cancer Res. (2022) 41:301. doi: 10.1186/s13046-022-02504-0 

 20. Yang,G, Xie,J, Zhang,S, Gu,W, Yuan,J, Wang,R , et al. Clinical significance of mesenchymal circulating tumor cells in patients with Oligometastatic hormone-sensitive prostate cancer who underwent Cytoreductive radical prostatectomy. Front Oncol. (2021) 11:812549. doi: 10.3389/fonc.2021.812549 

 21. Chen,Y, Li,S, Li,W, Yang,R, Zhang,X, Ye,Y , et al. Circulating tumor cells undergoing Emt are poorly correlated with clinical stages or predictive of recurrence in hepatocellular carcinoma. Sci Rep. (2019) 9:7084. doi: 10.1038/s41598-019-43572-1 

 22. Sun,YF, Guo,W, Xu,Y, Shi,YH, Gong,ZJ, Ji,Y , et al. Circulating tumor cells from different vascular sites exhibit spatial heterogeneity in epithelial and mesenchymal composition and distinct clinical significance in hepatocellular carcinoma. Clin Cancer Res. (2018) 24:547–59. doi: 10.1158/1078-0432.CCR-17-1063 

 23. Liu,YK, Hu,BS, Li,ZL, He,X, Li,Y, and Lu,LG. An improved strategy to detect the epithelial-mesenchymal transition process in circulating tumor cells in hepatocellular carcinoma patients. Hepatol Int. (2016) 10:640–6. doi: 10.1007/s12072-016-9732-7 

 24. Chen,J, Luo,Y, Xi,X, Li,H, Li,S, Zheng,L , et al. Circulating tumor cell associated white blood cell cluster as a biomarker for metastasis and recurrence in hepatocellular carcinoma. Front Oncol. (2022) 12:931140. doi: 10.3389/fonc.2022.931140 

 25. Li,T, Liu,H, Li,F, Hu,Y, Mou,T, Lin,T , et al. Evaluation of epithelial-mesenchymal transitioned circulating tumor cells in patients with Resectable gastric cancer: relevance to therapy response. World J Gastroenterol. (2015) 21:13259–67. doi: 10.3748/wjg.v21.i47.13259 

 26. Mao,CG, Jiang,SS, Wang,XY, Tao,SL, Jiang,B, Mao,CY , et al. Bcar1 plays critical roles in the formation and Immunoevasion of invasive circulating tumor cells in lung adenocarcinoma. Int J Biol Sci. (2021) 17:2461–75. doi: 10.7150/ijbs.61790 

 27. Troisi,RI, Berardi,G, Morise,Z, Cipriani,F, Ariizumi,S, Sposito,C , et al. Laparoscopic and open liver resection for hepatocellular carcinoma with child-Pugh B cirrhosis: multicentre propensity score-matched study. Br J Surg. (2021) 108:196–204. doi: 10.1093/bjs/znaa041 

 28. Wang,Q, Li,HJ, Dai,XM, Xiang,ZQ, and Zhu,Z. Laparoscopic versus open liver resection for hepatocellular carcinoma in elderly patients: systematic review and meta-analysis of propensity-score matched studies. Int J Surg. (2022) 105:106821. doi: 10.1016/j.ijsu.2022.106821 

 29. Zhu,P, Liao,W, Zhang,WG, Chen,L, Shu,C, Zhang,ZW , et al. A prospective study using propensity score matching to compare Long-term survival outcomes after robotic-assisted, laparoscopic, or open liver resection for patients with Bclc stage 0-a hepatocellular carcinoma. Ann Surg. (2023) 277:e103–11. doi: 10.1097/sla.0000000000005380 

 30. Han,ES, Lee,KW, Suh,KS, Yi,NJ, Choi,Y, Hong,SK , et al. Shorter operation time and improved surgical outcomes in laparoscopic donor right hepatectomy compared with open donor right hepatectomy. Surgery. (2021) 170:1822–9. doi: 10.1016/j.surg.2021.06.005 

 31. Simón-Talero,M, Roccarina,D, Martínez,J, Lampichler,K, Baiges,A, Low,G , et al. Association between portosystemic shunts and increased complications and mortality in patients with cirrhosis. Gastroenterology. (2018) 154:1694–1705.e4. doi: 10.1053/j.gastro.2018.01.028

 32. Mentis,AA, Grivas,PD, Dardiotis,E, Romas,NA, and Papavassiliou,AG. Circulating tumor cells as Trojan horse for understanding, preventing, and treating cancer: a critical appraisal. Cell Mol Life Sci. (2020) 77:3671–90. doi: 10.1007/s00018-020-03529-4 

 33. Bruix,J, Reig,M, and Sherman,M. Evidence-based diagnosis, staging, and treatment of patients with hepatocellular carcinoma. Gastroenterology. (2016) 150:835–53. doi: 10.1053/j.gastro.2015.12.041

 34. Recknagel,JD, and Goodman,LR. Clinical perspective concerning abdominal entry techniques. J Minim Invasive Gynecol. (2021) 28:467–74. doi: 10.1016/j.jmig.2020.07.010 

 35. Ramshaw,BJ. Laparoscopic surgery for cancer patients. CA Cancer J Clin. (1997) 47:327–50. doi: 10.3322/canjclin.47.6.327

 36. Chuang,SH, and Chuang,SC. Single-incision laparoscopic surgery to treat Hepatopancreatobiliary cancer: a technical review. World J Gastroenterol. (2022) 28:3359–69. doi: 10.3748/wjg.v28.i27.3359 

 37. Nakanishi,H, Miangul,S, Oluwaremi,TT, Sim,BL, Hong,SS, and Than,CA. Open versus laparoscopic surgery in the Management of Patients with gallbladder cancer: a systematic review and meta-analysis. Am J Surg. (2022) 224:348–57. doi: 10.1016/j.amjsurg.2022.03.002 

 38. Nagata,H, Kawai,K, Hata,K, Tanaka,T, Nozawa,H, and Ishihara,S. Laparoscopic surgery for T4 colon cancer: a risk factor for peritoneal recurrences? Surgery. (2020) 168:119–24. doi: 10.1016/j.surg.2020.02.026 

 39. Frumovitz,M, Obermair,A, Coleman,RL, Pareja,R, Lopez,A, Ribero,R , et al. Quality of life in patients with cervical cancer after open versus minimally invasive radical hysterectomy (Lacc): a secondary outcome of a multicentre, randomised, open-label, phase 3, non-inferiority trial. Lancet Oncol. (2020) 21:851–60. doi: 10.1016/s1470-2045(20)30081-4 

 40. Ost,MC, Patel,KP, Rastinehad,AR, Chu,PY, Anderson,AE, Smith,AD , et al. Pneumoperitoneum with carbon dioxide inhibits macrophage tumor necrosis factor-alpha secretion: source of transitional-cell carcinoma port-site metastasis, with prophylactic irrigation strategies to decrease laparoscopic oncologic risks. J Endourol. (2008) 22:105–12. doi: 10.1089/end.2007.9858 

 41. Metzelder,M, Kuebler,J, Shimotakahara,A, Vieten,G, von Wasielewski,R, and Ure,BM. Co(2) pneumoperitoneum increases systemic but not local tumor spread after intraperitoneal murine neuroblastoma spillage in mice. Surg Endosc. (2008) 22:2648–53. doi: 10.1007/s00464-008-9778-2

 42. Yu,JJ, Xiao,W, Dong,SL, Liang,HF, Zhang,ZW, Zhang,BX , et al. Effect of surgical liver resection on circulating tumor cells in patients with hepatocellular carcinoma. BMC Cancer. (2018) 18:835. doi: 10.1186/s12885-018-4744-4

 43. Lianidou,ES, and Markou,A. Circulating tumor cells in breast cancer: detection systems, molecular characterization, and future challenges. Clin Chem. (2011) 57:1242–55. doi: 10.1373/clinchem.2011.165068 

 44. Li,W, Zhou,X, Huang,Z, Zhang,H, Zhang,L, Shang,C , et al. Laparoscopic surgery minimizes the release of circulating tumor cells compared to open surgery for hepatocellular carcinoma. Surg Endosc. (2015) 29:3146–53. doi: 10.1007/s00464-014-4041-5 

 45. Yang,JC, Hu,JJ, Li,YX, Luo,W, Liu,JZ, and Ye,DW. Clinical applications of liquid biopsy in hepatocellular carcinoma. Front Oncol. (2022) 12:781820. Epub 2022/02/26. doi: 10.3389/fonc.2022.781820 

 46. Yang,X, Lv,J, Zhou,Z, Feng,D, Zhou,R, Yuan,B , et al. Clinical application of circulating tumor cells and circulating endothelial cells in predicting bladder cancer prognosis and neoadjuvant Chemosensitivity. Front Oncol. (2021) 11:802188. doi: 10.3389/fonc.2021.802188 

 47. Marin,AM, Sanchuki,HB, Namur,GN, Uno,M, Zanette,DL, and Aoki,MN. Circulating cell-free nucleic acids as biomarkers for diagnosis and prognosis of pancreatic cancer. Biomedicines. (2023) 11:1069. doi: 10.3390/biomedicines11041069

 48. Xu,M, Zhao,H, Chen,J, Liu,W, Li,E, Wang,Q , et al. An integrated microfluidic Chip and its clinical application for circulating tumor cell isolation and single-cell analysis. Cytometry A. (2020) 97:46–53. doi: 10.1002/cyto.a.23902

 49. Ye,Q, Ling,S, Zheng,S, and Xu,X. Liquid biopsy in hepatocellular carcinoma: circulating tumor cells and circulating tumor DNA. Mol Cancer. (2019) 18:114. doi: 10.1186/s12943-019-1043-x 

 50. Nikanjam,M, Kato,S, and Kurzrock,R. Liquid biopsy: current technology and clinical applications. J Hematol Oncol. (2022) 15:131. doi: 10.1186/s13045-022-01351-y 

 51. Castro-Giner,F, and Aceto,N. Tracking cancer progression: from circulating tumor cells to metastasis. Genome Med. (2020) 12:31. doi: 10.1186/s13073-020-00728-3 

 52. Rupp,B, Ball,H, Wuchu,F, Nagrath,D, and Nagrath,S. Circulating tumor cells in precision medicine: challenges and opportunities. Trends Pharmacol Sci. (2022) 43:378–91. doi: 10.1016/j.tips.2022.02.005 

 53. Cheng,YH, Chen,YC, Lin,E, Brien,R, Jung,S, Chen,YT , et al. Hydro-Seq enables contamination-free high-throughput single-cell Rna-sequencing for circulating tumor cells. Nat Commun. (2019) 10:2163. doi: 10.1038/s41467-019-10122-2 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effect of various hepatectomy procedures on circulating tumor cells in postoperative patients: a case-matched comparative study



		1. Introduction



		2. Materials and methods



		2.1. Patient samples



		2.2. Isolation of CTCs with the Can-Patrol™ system and tri-color RNA-ISH assay



		2.3. Surgical procedures



		2.3.1. LAP procedures



		2.3.2. OPEN procedures









		2.4. Postoperative care



		2.5. Statistical methods









		3. Results



		3.1. Patient characteristics



		3.2. EMT is a key step in CTCs formation



		3.3. Differences in total CTCs and phenotypes of CTCs in blood samples from patients with HCC before and after the two surgical regimens



		3.4. The changes in clinical indicators after the two operations were similar



		3.5. The prognostic effects of LAP and OPEN were different









		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Abbreviations



		References



















OPS/images/cover.jpg
’ frontiers | Frontiers in Medicine

Eeff ct of various hepatectomy
procedures on circulating tumor
cells in postoperative patients: a
case-matched comparative study












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers Frontiers in Medicine






OPS/images/fmed-10-1209403-g005.jpg
200
150
Z 100

50

Pe0.453

= No recurrence
- recurrence

P=0.046

P=6017 o recurrence == Recurrence

Vascular invasion
Recurrence( %)

<20 20-400 >400

= No recurrence

vimen

N-cadh

n

E-cadherin
GAPDH

= ==
——————

E
G
e o Comoned s
P 2 20w ancemonea_ 1.0) pr )
19 R oncannctF PR Spev—
B P=0.007 £ o P=0.035 = <s.comred
Z ol 4
2 H
o 08| s %9
2
= o4 = 04
] s
£ 02 AFP E 92| Tumor size
< <
09| 0.0
00 1000 2000 3000 4000 50.00 00 10.00 2000 3000 40.00 50.00
Disease-free survival (Months) Disease-free survival (Months)
H 1
= i g M
S10) jar o o 1.0 = Open
z P04 = oo P=0.492 DM = A O Commd
Zog . e & ol > e 5 08 = LapCamnca
= ° = ottcamoved S
2o Z 0 S 05
= = =
204 £ 04 Fo4
£ £ 5
| S < z z
&% Vascular invasion © 02 gurgical group &°02  Operation group
0.0) 0.0) 0.0
00 1000 2000 3000 4000 5000 00 1000 2000 3000 40.00 0 20 0 0
Disease-free survival (Months) Disease-free survival (Months) Time after surgery(months)
K L ™M
=19 - EERL
z s z
208 P<.001 £ T o P=0.081
5 o a H
2 TMve °
06| s (X
s = YesConned £ 2
£ - = 5
£04 4 NO-Consred s !
: : 5
02| 3 o
£ Metastasis S BCLC S " ™™
0| 0.0| 0.0
00 1000 20.00 30.00 4000 5000 00 1000 2000 30.00 4000 5000 .00 10.00 20.00 30.00 40.00 50.00
Disease-free survival (Months) Disease-free survival (Months) Disease-free survival (Months)






OPS/images/fmed-10-1209403-t001.jpg
Clinical
characteristics

No. of patients

Gender (Male/Female)

Age (<60/>60 years)

Tumor Number (1/>1)
Differentiation (H/M/L)
BCLC Stage(A/B)

Tumor Size (<5/>5cm)

AFP (<20/20-400/>400ug/L)
TNM (I-1/111)

MVI(¥es/No)

HBsAg (+/-)

Cirrhosis (Yes/No)

1CG (<4.7/>4.7%)
Child-Pugh classification(A/B)
WBC (<9.5/>9.5% 107L)
RBC (<4/>4x 10'1)

Direct Bilirubin (<4/>4pmol/L)

Total Bilirubin
(<20/>20pmol/L)

ALT (<40/>401U/L)
Edmondson stage (H/M/L)
APRI (<2/52)

Neutrophil (<4/>4)

PT (<13/>135ec)

PLT (£100/>100 10°/L)
AST (<40/>401U/L)

ALB (<35/>35g/L)

“Tumor location (R/L/R+1)

Laparoscopic

3
302
2/10
302
412612
2319
2507
10/15/7
26/6
1715
2507
2913
1319
2973
302
230
1517

2309
19713
4126/2
275
2012
302
w21
21
131
18/12/2

32
215
2517
26/6

412503

18/14
18/14
14/9/8
2012
17115
302
311
2012
302
311
2130
1715

24/8
2012
5/23/4
2973
2012
302
5/27
18714
230
21/6/5

0426

0572

0257

1000

0193

0.062

0330

0.095

1000

0.148

0613

0133

1000

0554

1000

0617

0777

0798

069

0354

1000

1000

0.083

0442

0500

0184

“Value expressed in the median with a range in parentheses. “Laparoscopic hepatectomy
group compared with open hepatectomy group.





OPS/images/fmed-10-1209403-g003.jpg
]

Post

NS
P=0.945
Pre Post

Pre

2
ul
2
I
r T T T 1
S wn S w <
Q - =

| " A R — —
O R

(1ws)) sOLO-W wwdo

T
% %
g 3
- A
z ¢ 8 0
23 £ w3
z - z .
I z
N s — — r
53 =3 =3 > > < =3
s F & & = F
(wg) sOLD paxiw drdodsoredey (lwg)) QLD paxiw uadQ
o o
% %
= =
- ~
. g 2§ 2
¥ H,. B M A~
r T T 1 T
b - ] < <
(ws)) sLD-3 drdodsoede| v (wg)sOLD -7 wado

<

*
P=0.048

2 2 2 <« = <
7 F & & =

(Tws)) LD 18103 drdodsoxede|

Post

NS
P=0.150
Pre Post

Pre

(1wg/) sOLD €103 wadQ





OPS/images/fmed-10-1209403-g004.jpg
c E
free X
P<0.0001 P=0.0230 %
20 400 - 1000 P=0.007 800 I
A P=0.001
800 ]
515 - 300 & o 600
z 4 2 600 3
% 10 % 200 < 1 400
5 3 & 400 K
5 100 200 200
0 0 T T 0 o
Pre Post Pre Post Pre Post
H
o
1500 20 20 <0,
15 Z 15
5 1000 = 2
2 H &
§ £ 10 Z 10
2 H 2
S 500 Z :,
4 &
0 0 T T
Pre  Post Pre  Post
L ™
107 10 o0t
8 _ 8
= z
; Iz =6 g
: &
; T &
& H
4 4 3
2 &
24 2
0 o T T
Pre Post Pre Post Pre  Post
Q R s T
Jee rxrx rex wrax
o P0.0001 4 o p=<0.0001, 2 J srrx 4009 500
3 | —— p=0.0001
s 6 — o 12 3004
e : 2 s
£ 2
) 24 34 Z 2001
] 3 & \ K]
S 204 2 %
& &2 g2 1004
5 2
- =]
o T ™ 0 T T o T T o
Pre Post Pre Post Pre Post






OPS/images/fmed-10-1209403-t002.jpg
Variable Laparoscopic (C L) Open (C
Preoperative total CTCs* 750 (0.00-65.00)
Postoperative total CTCs* 15.5 (0.00-118.00)
Preoperative epithelial CTCs* 0.00 (0.00-4.00)
Postoperative epithelial CTCs* 2,00 (0.00-8.00)
Preoperative mixed CTCs* 3.00(0.00-38.00)
Postoperative mixed CTCs* 9.00 (0.00-115.00)
Preoperative mesenchymal CTCs* 100 (0.00-62.00)
Postoperative mesenchymal CTCs* 3.00(0.00-10.00)
‘The total amount of CTC increased after surgery 2
Preoperative Total CTCs positive rate 30032
Postoperative Total CTCs positive rate 3132

“Value expressed in the median with a range in parentheses. ‘Comparing laparoscopic hepatectomy with open hepatectomy.

s/ml
10.00 (1.00-97.00)
7.00 (0.00-46.00)
0.00(0.00-7.00)
0.00(0.00-6.00)
7.00 (0.00-94.00)
4,00 (0.00-46.00)
1.00 (0.00-8.00)
1.00 (0.00-7.00)
10
32/32

20132
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HR (95% CI) p-value HR (95% CI) p-value
Gender (Male/Female) 0767 (0.27-2189) 0.623 NA NA
Age (<60/>60years) 1456 (0.588-3.457) 0433 NA NA
Tumor Size (<5 />5cm) 1394 (0.685-2.838) 036 NA NA
Tumor Number (<1/>1) 0.978 (0.458-2.087) 0953 NA NA
Differentiation (H/M/L) 0,851 (0.447-2.087) 0625 NA NA
BCLC Stage (A/B) 2030 (1.022-4.034) 0.043 1524 (0.675-3.445) 0311
AFP (>400,20-400, <400) 1.947 (1.238-3.062) 0.007 12.814(2.331-70.432) 0.047
CTC count (/mL) 1.007 (0.983-1.021) 0551 NA NA
WBC (9.5/>9.5/L) 1244 (0.513-3.015) 0629 NA NA
ECTC (+/-) 1024 (0.503-2.085) 0948 NA NA
Mixed CTC (+/-) 0.591(0.243-1.433) 0244 NA NA
MCTC (+/-) 1,250 (0.594-2.63) 0557 NA NA
CTC (+/-) 9.607 (2.085-44.269) 0.004 12.814(2331-70.432) 0.003
CTC (<8.75/>8.75) 1314 (0.659-2.622) 0438 NA NA
operation time (<242/>242) 1211 (0.611-2.398) 0584 NA NA
surgical method (LAP/OPEN) 0.864 (0.435-1.715) 0.676 NA NA
vascular invasion (+/-) 0475 (0.22-1.023) 0.046 0,554 (0.242-1.269) 0.162
MVI (Yes/NO) 0.680 (0.338-1.368) 0279 NA NA
MVD (Yes/NO) 0.907 (0.409-2.015) 0811 NA NA
Blood loss (>300/<300) 1047 (0.506-2.167) 0.101 NA NA
Direct Bilirubin (<7/>7) 0925 (0.355-2411) 0874 NA NA
Total bilirubin (<20/>20) 0241 (0.056-1.036) 0.056 NA NA
ALT (<40/>401U/L) 0.708 (0.356-1.408) 0325 NA NA
TNM (I-I/11T) 1.685 (0.826-3.439) 0.152 NA NA
Edmondson (I-II/T1-1V) 0.968 (0.295-3.177) 0.957 NA NA
Postoperative increase in CTC 1.177(0.594-2.332) 064 NA NA
Postoperative increase in ECTC 1.707(0.848-3.487) 0.134 NA NA
Postoperative increase in Mix CTC 1.163(0.587-2.302) 0.665 NA NA
Postoperative increase in M-CTC 0,627 (0.308-1.277) 0.199 NA NA
APRI(£1/>1) 1068 (0.507-2.251) 0863 NA NA
Portal vein block time (<37/>37) 1268 (0.638-2.519) 0498 NA NA
Neutrophil (<4/>4) 1057 (0.525-2.127) 0877 Na NA
PT(<13/>13) 0.900 (0.215-3.766) 0.885 NA NA
PLT (<100/>100) 0797 (0.359-1.772) 0579 NA NA
AST (45/>45) 1,838 (0.917-3.68) 0.089 NA NA
ALB (£35/>35) 1.668 (0.398-6.995) 0484 NA NA
1CG (<10/>10%) 0,947 (0.477-1.879) 0877 NA NA

HR, hazard ratio; CI, confidence intervals; Bold font is used to describe p<0.05, which is statistically significant.
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