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Background: The status of circulating tumor cells (CTCs) is related to the recurrence of hepatocellular carcinoma (HCC), which is also one of the reasons for the poor prognosis of HCC. The purpose of this study was to explore whether CTCs can help guide the choice of treatment methods for HCC.



Methods: This study is a multicenter retrospective study, including 602 patients with HCC. CTCs were detected in the overall cohort before operation. There were 361 patients in the training cohort and 241 patients in the validation cohort. Patients were divided into CTC-negative group (CTCs = 0/5 mL) and the CTC-positive group (CTCs ≥ 1/5 mL) according to CTCs status. Subgroup analysis was performed according to CTCs status. We compared overall survival, and recurrence outcomes for HCC patients with different CTC statuses after undergoing radiofrequency ablation (RFA) or surgical resection (SR)



Results: There was no significant difference in overall survival (OS) and recurrence-free survival (RFS) between the RFA group and SR group for CTC-negative patients in both the training cohort and the validation cohort (P > 0.05). However, among CTC-positive patients, the clinical outcome of patients in the SR group was significantly better than those in the RFA group. CTC-positive patients who underwent RFA had increased early recurrence compared to those who underwent SR. RFA is an independent risk factor for survival and recurrence in CTC-positive HCC patients



Conclusions: The CTC status could serve as an indicator to guide the choice between surgical resection or radiofrequency ablation for early hepatocellular carcinoma. Surgical resection is recommended for CTC-positive patients.
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INTRODUCTION

Primary liver cancer (PLC) is a malignant tumor derived from human hepatocytes and bile duct epithelial cells, of which hepatocellular carcinoma is the most common, accounting for about 90% of PLC (1, 2). HCC is also the fourth leading cause of cancer-related death worldwide (3). In the past 10 years, with the improvement of people’s awareness of HCC surveillance and the level of diagnosis, more and more early stage HCC patients are detected in time (4). Surgical resection (SR) and liver transplantation (LT) have long been considered first-line treatment options for patients with early-stage HCC who can tolerate surgery (5), with a 5-year survival rate of around 70%–80% (1). However, in the clinical treatment of HCC, not only should the location of the tumor and, the reserve of liver function be put into consideration, but many other factors such as the family’s economic status and the patient’s willingness must also be considered, only about 20% of the patients are willing and suitable for surgery (6).

Percutaneous radiofrequency ablation (RFA), as one of the important components in the comprehensive treatment of early HCC, has the advantages of excellent clinical efficacy, less trauma, high safety, and reproducible application (7, 8). RFA plays an increasingly important role in the comprehensive treatment of early HCC. But, the appropriate population for RFA treatment of early-stage hepatocellular carcinoma has been controversial (9–13). Therefore, there is an urgent need for reliable indicators to guide the choice of RFA or SR in the treatment of early-stage HCC.

Previous studies have reported that preoperative CTCs status is associated with recurrence after RFA (14), and some studies have confirmed that CTCs status can be used as an indicator to guide the extent of surgical margins for HCC (15). Therefore, we wondered whether preoperative CTCs status could guide the application of RFA in HCC treatment.

This study utilized a multicenter database to stratify HCC patients based on their CTCs status and evaluate the different impact of treatment modalities on early recurrence and overall survival, to explore and verify the optimal treatment of early-stage HCC in different CTCs statuses.



MATERIALS AND METHODS


Patient Enrollment

This study enrolled 602 patients with HCC who were admitted to the Department of Hepatobiliary Surgery of Zhongshan People’s Hospital and Xiaogan Central Hospital from January 2014 to December 2019. Inclusion criteria: (1). the age of the patient at the time of diagnosis of HCC is not less than 18 years; (2). The maximum diameter of the tumor ≤3 cm in imaging or pathology, and the number of tumors ≤3; (3). the Child-Pugh classification of liver function is grade A or B; (4). not receiving any form of treatment intervention before operation; (5). postoperative pathological or clinical diagnosis of HCC; (6). all patients who underwent surgical resection were treated with radical surgical resection (R0 resection); (7). complete clinical data. Patients who met any of the following criteria were excluded from the study cohort: (1). patients with cardiac, cerebral, and renal dysfunction; (2). a history of other malignant tumors; (3). the presence of portal vein, hepatic vein, and hepatic artery tumor thrombus; (4). adjacent organs or distant metastasis; (5). lost to follow-up.

When tumor recurrence occurred, such as: re-radiofrequency ablation, re-surgical resection, salvage liver transplantation, transcatheter arterial chemoembolization (TACE), molecular targeted therapy, immunotherapy,would be performed according to the patient’s wishes and the recurrence pattern. The diagnostic criteria for HCC were determined according to the European Society of Liver Diseases non-invasive diagnostic criteria for primary HCC (16). Patients admitted to the Zhongshan People’s hospital were used for the training cohort, while patients admitted to the Xiaogan Central Hospital were considered as the validation cohort. The study was approved by the Research Ethics Board of the Zhongshan People’s Hospital and Xiaogan Central Hospital, with written informed consent obtained from every patient. This study declares compliance with the norms of the Declaration of Helsinki.



Data Collection

We collected information on demographic and clinicopathological characteristics of all patients, including age, gender, hepatitis B virus (HBV) and, hepatitis C virus (HCV) infection status, cirrhosis, Child-Pugh classification, maximum tumor diameter, number of tumors, etc. At the same time, continuous variables such as age, alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyltra nsferase (GGT), alkaline phosphatase (ALP), albumin (ALB), total bilirubin (TIBL), creatinine (CR), international normalized ratio (INR), alpha-fetoprotein (AFP) were transformed into binary variables according to the upper and lower limits of recognized critical values or normal values (14).



Therapy Method


Surgical Resection

Each patient was evaluated preoperatively, and a corresponding surgical plan was formulated according to the patient’s tumor location, tumor size, and the relationship with the adjacent large blood vessels in the liver. Surgical resection is divided into laparoscopic hepatectomy and open hepatectomy. The scope of surgical resection includes: segmentectomy, and hemihepatectomy. The standard of surgical margin is to ensure that the surgical margin is ≥1 cm away from the tumor boundary according to the Guidelines for Diagnosis and Treatment of Primary Liver Cancer in China (2017 Edition) (17). The basic procedure of the operation is as follows: First, perform anesthesia and routine disinfection. After entering the abdominal cavity, first observe whether the tumor has distant metastasis to the adjacent organs, and use the corresponding instruments to separate the corresponding tissue structure. This is followed by intermittent occlusion of the first porta hepatis and selective blockade of the second porta hepatis if necessary. The corresponding hepatic segment is cut off according to the tumor location. After finding no residual tumor at the resection margin, blood flow stoppage is performed at the resection margins, the first and second hepatic hilum were released, and finally the abdomen is closed. Surgical resection procedures are performed by senior surgeons who are senior associate chief physicians or above.



Radiofrequency Ablation

Each medical center conducts radiofrequency ablation according to the medical devices and equipment of the unit. The patient is instructed to take a supine position, and then the corresponding parts of the tumor are disinfected, sterile towels are laid, and local anesthesia is given. Under the guidance of the ultrasound probe, the location of the tumor, and the position and direction of the needle insertion are determined. Next, the radiofrequency ablation needle is inserted into the lesion, and radiofrequency ablation is performed, and each ablation time is 6–8 min. For lesions with larger diameters, the needle can be inserted several times until the ablation area completely covers the tumor, and then the radiofrequency ablation needle is slowly pulled out. In general, the range of ablation should cover a 5-mm distance beyond the tumor boundary (17).




CTC Isolation and Detection

Three days before surgery or RFA, we drew 5 mL of peripheral blood as a sample for inspection and strictly processed the sample according to the manufacturer’s instructions. The detection of CTCs was performed by the “Cyttel” method (Jiangsu, China), whose principles include the negative immunomagnetic particle method and immunofluorescence in situ hybridization (im-FISH) (18–20). The former mainly uses immunomagnetic particles (anti-CD45 antibody-conjugated magnetic beads) as the carrier, through the principle of antigen–antibody reaction, combined with centrifugation technology, to remove leukocytes from the blood in vitro to separate rare cells. Then, the samples were fixed on glass slides, dehydrated with ethanol, dried, and then hybridized with chromosome centromere probe No. 1 and chromosome centromere probe No. 8. Finally, 4-diamidine-2-phenylindole (DAPI) staining was added to seal the samples, and the CTCs were observed and counted under a fluorescence microscope (Microprofit, China) (14, 21). CTCs count ≥1/5 mL was defined as CTC-positive (22).



Follow-Up

All patients were followed up through the outpatient service, telephone, or WeChat. Follow-up examination items included chest X-ray or chest CT scan, abdominal ultrasound, abdominal enhanced CT or MRI, and PET-CT. They were followed up every three months for two years after surgery, from the day of surgery, and every six months after two years after surgery. Overall survival (OS) was defined as the time from the date of surgery to the date of patient death or last follow-up, and Recurrence-free survival (RFS) was defined as the time from the date of surgery to the date of postoperative tumor recurrence or last follow-up. The last day of follow-up was December 1, 2021.



Statistical Analysis

Continuous variables were expressed as median ± squared difference (Median ± SD), and categorical variables were expressed as the number of patients (n) or percentage (%). Continuous variables were compared by Student’s t-test or Mann-Whitney U test, and categorical variables were compared by χ2 or Fisher’s exact test. The survival curves of OS and RFS of patients were drawn by the Kaplan-Meier method, and the OS and RFS of the RFA group and SR the group were compared using the Log-rank method. We also used Landmark analysis to assess outcomes for early recurrence (≤24 months postoperatively) and late recurrence (>24 months). Univariate and multivariate Cox regression models were used to analyze the independent risk factors of related clinical variables for RFS and OS in patients. All statistics and graphics for this study were done in R language (version 3.62). A P value <0.05 was considered to be statistically significant.




RESULTS


Patient Characteristics

In this study, a total of 602 HCC patients were included in the total cohort, with 361 patients in the training cohort and 241 in the validation cohort. The median follow-up time for the training cohort was 30.0 months (interquartile range, IQR 14.0–45.0 months) and the median follow-up time for the validation cohort was 31.0 months (interquartile range, IQR 15.0–44.0 months). In the training cohort, 146 (40.4%) had tumor recurrence and 84 (23.3%) died. In the validation cohort, 96 (39.8%) had tumor recurrence and 47 (19.5%) died. There were 147 (40.7%) and 99 (41.1%) CTC-positive cases in the training and validation the cohorts, respectively. Additional clinicopathological information is shown in Table 1, in the training and validation cohorts. There was no significant difference in clinicopathological information between the RFA group and the SR group (P > 0.05).


TABLE 1 | Comparison of clinicopathological variables between Training cohort and Validation cohort.
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Comparison of OS and RFS between the RFA and SR the Groups in the Training Cohort and the Validation Cohort

In the validation cohort, there were no statistically significant differences in the OS and RFS in the RFA and SR groups after the Kaplan-Meier analysis. (P > 0.05; Supplementary Figures S1B,D). In the training cohort, the RFS of the SR group was better than that of the RFA group, and the difference was statistically significant (P < 0.05; Supplementary Figure S1C), while in terms of OS, the efficacy of RFA and SR was almost the same, with no significant difference between the two groups (P > 0.05; Supplementary Figure S1A).



Stratified Analysis by CTCs Status to Compare OS and RFS Between RFA and SR Groups

To explore whether CTCs status could guide surgical treatment modality, we stratified the training and validation cohorts according to CTCs status. The number of CTC-positive patients in the training cohort and the validation cohort was 147 (40.7%) and 99 (41.1%), respectively. In the CTC-positive group, 91 and 60 patients underwent SR in the training and validation cohorts, respectively. 56 and 39 patients underwent RFA in the training and validation cohorts, respectively. There were no significant differences in demographic and clinicopathological variables between the SR group and the RFA group in each subgroup (P > 0.05, Table 2). In the CTC-negative group, the SR and RFA groups also had no significant differences in demographic and clinicopathological variables in each subgroup, and there was no statistical difference (P > 0.05, Supplementary Table S1).


TABLE 2 | Comparison of clinicopathological variables between SR and RFA in CTC-positive cohort.
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For CTC-negative patients, the 1-, 3-, and 5-year OS and RFS of RFA and SR in the training cohort and validation cohort are shown in Supplementary Table S2. And we found that there was no significant difference in the OS and the RFS between patients in the RFA group and those in the SR group, either in the training or validation cohort (P > 0.05, Figures 1A–D).


[image: Figure 1]
FIGURE 1 | Comparison of OS between RFA and SR groups in training cohort (A) and validation cohort (B) for patients with CTC-negative; RFS comparison between RFA and SR groups in training cohort (C) and validation cohort (D) for patients with CTC-negative.


For CTC-positive patients, the 1-, 3-, and 5-year OS and RFS of RFA and SR in the training cohort and validation cohort also are shown in Supplementary Table S2. The results showed that in both the training cohort and the validation cohort, the OS and RFS of patients in the SR group were significantly longer than of those in the RFA, and the difference was statistically significant (P < 0.05, Figures 2A–D).
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FIGURE 2 | Comparison of OS between RFA and SR groups in training cohort (A) and validation cohort (B) for patients with CTC-positive; RFS comparison between RFA and SR groups in training cohort (C) and validation cohort (D) for patients with CTC-positive.


At the same time, we also performed univariate and multivariate Cox regression analyses on the related clinicopathological factors affecting OS and RFS in the CTC-positive population. We found that RFA was an independent risk factor for tumor recurrence and survival prognosis. Other factors such as AFP level ≥400 µg/L, tumor diameter ≥2 cm, and tumor number ≥2 were independent risk factors for postoperative recurrence and long-term survival (Tables 3, 4, P < 0.05). While Child-Pugh classification B and albumin <35 g/L were independent risk factors for the OS of patients (P < 0.05, Table 4).


TABLE 3 | Univariate and multivariate analysis to identify independent risk factors of RFS in CTC-positive HCC.
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TABLE 4 | Univariate and multivariate analysis to identify independent risk factors of OS in CTC-positive HCC.
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RFA is Associated with Increased Early Recurrence in CTC-Positive Patients

We further explored the CTCs status and postoperative recurrence patterns. Postoperative recurrence was divided into early recurrence and late recurrence with a threshold of 24 months. The results showed that for CTC-positive patients, the early recurrence rate of patients who underwent RFA in the training cohort was 55.4%. The early recurrence rate for patients in the SR group was 28.6%. The difference was statistically significant (P < 0.05, Figure 3A). At the same time, in the validation cohort, the early recurrence in the RFA group was significantly higher than that of the SR group. The early recurrence rates in the RFA group and SR group were 48.7% and 20%, respectively, which was statistically significant (P < 0.05, Figure 3B). For the CTC-negative population, in both the training cohort and the validation cohort, early recurrence was not related to the treatment method, and there was no statistical significance (P > 0.05, Figures 3C,D). Next, we also conducted a landmark analysis. The results showed that for CTC-positive patients, in the training cohort and the validation cohort, patients who received RFA were more likely to have an early recurrence than those who had SR, while there was no statistical difference in late recurrence rates (P < 0.05, Figures 4A,B). For CTC-negative patients, there was no relationship between recurrence pattern and treatment modality (P > 0.05, Figures 4C,D).


[image: Figure 3]
FIGURE 3 | Association between RFA and early recurrence in HCC patients stratified by CTC. (A) Proportion of CTC-positive patients who experienced early or non-early recurrence in the RFA and SR groups in the training cohort. (B) Proportion of CTC-positive patients who experienced early or non-early recurrence in the RFA and SR groups in the validation cohort. (C) Proportion of CTC-negative patients who experienced early or non-early recurrence in the RFA and SR groups in the training cohort. (D) Proportion of CTC-negative patients who experienced early or non-early recurrence in the RFA and SR groups in the validation cohort.
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FIGURE 4 | Analysis of the effect of different treatments on early and late postoperative recurrence in HCC patients by landmark method. In the training cohort (A) and validation cohort (B) of CTC-positive patients; In the training cohort (C) and validation cohort (D) of CTC-negative patients.




CTCs Status Correlates with Microvascular Infiltration

For the population undergoing surgery, the CTC positive rates in the training cohort and validation cohort were 42.3% and 40.8%, respectively. The data showed that in the training cohort, CTC positivity was associated with AFP ≥ 400 µg/L, tumor number, and microvascular invasion (MVI) (P < 0.05, Table 5). At the same time, it was found that the clinical variables associated with CTC-positivity in the training group were tumor number and MVI (P < 0.05, Table 5), but there was no significant correlation with other clinical variables, and there was no statistical significance. (P > 0.05, Table 5).


TABLE 5 | Relationship between CTC status with clinical characteristics for patients in the surgery group.
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In addition, we also used univariate and multivariate logistic regression to explore the factors associated with MVI. The results showed that positive CTC, the level of AFP ≥ 400 µg/L, and tumor number were independent predictors of MVI in both the training and validation cohorts (P < 0.05, Table 6).


TABLE 6 | Univariate and multivariate analysis to predict independent risk factors for microvascular invasion.
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DISCUSSION

The treatment mode of HCC has developed from the single surgical resection mode to the multidisciplinary team (MDT) mode in the past decades. The multidisciplinary participation model significantly improves the survival time of HCC patients, but its overall effect is still not ideal, mainly because HCC patients are prone to postoperative recurrence.

Since Rossi et al. firstly used RFA to treat HCC (23), RFA has become one of the important components in the comprehensive treatment of HCC. The current clinical application of RFA mainly depends on the experience of traditional tumor characterization (24). However, there is still controversy about whether to choose RFA or SR for the treatment of small hepatocellular carcinoma (SHCC, diameter≤3) (9–13, 25–28). A retrospective clinical study conducted by Peng et al. found that in the SHCC population, the RFS and OS of patients who were selected for RFA and patients with SR were similar, and the difference was not statistically significant (10). Furthermore, another retrospective study from Italy Livraghi, T. et al also found that the efficacy of RFA is completely comparable to SR, and they should give priority to RFA rather than SR for patients with SHCC, because RFA has many advantages including less trauma, lower cost, and fewer complications (25). In contrast, a meta-analysis by Dong W et al. showed that the SR group had a better survival prognosis than non-surgical ablation (26). and another research team from China also investigated this issue. In their study, which enrolled 605 patients, RFA was more prone to postoperative recurrence than SR in both Barcelona stage 0∼A (27). Why do similar studies have different results? To answer this question, we should explore the answer from the perspective of which factors affect the efficacy of radiofrequency ablation.

In previous studies, it was found that there are many clinical factors affecting the efficacy of RFA, such as tumor diameter, and tumor number (29–31), among which the most striking is whether the tumor is accompanied by MVI (7). Because tumor diameter and tumor number can be assessed by preoperative imaging examinations, complete ablation of the main lesion can be achieved by increasing the scope of RFA. However, from a pathological point of view, HCC lesions do not only include the main tumor but also the surrounding MVI and satellite nodules (32). Unfortunately, current imaging and serological tests cannot accurately assess MVI and satellite nodules preoperatively. This leads to the fact that RFA can only guarantee the quality of ablation of the main lesions, but cannot determine whether the occult lesions are effectively removed, which may be the reason for the early recurrence after RFA (33, 34). Therefore, we urgently need a new and reliable indicator to assess whether these occult lesions exist in HCC patients, and to guide the application of RFA in SHCC.

CTCs are malignant tumor cells that invade into the peripheral blood via the form of Epithelial-Mesenchymal Transition (EMT), which can serve as a prognostic indicator of disease progression and it is associated with the aggressiveness of tumors (35–37). CTCs are often used for the prognostic monitoring of breast, colorectal, and prostate cancers (14, 21, 38–41). Recently, more and more studies have confirmed that CTC detection is considered a reliable indicator of early screening for cancer, postoperative recurrence or metastasis surveillance in HCC patients (42–45). In particular, CTC status is also highly correlated with MVI which affects the efficacy of RFA (7, 46). Our study also revealed that CTCs status was an independent predictor of whether HCC was associated with MVI. In other words, patients with positive CTCs are more likely to be accompanied by MVI. Besides this, some literature has confirmed that CTCs are more accurate in predicting MVI than AFP and other pathological factors (46–48). Moreover, preoperative CTCs status could also reflect the severity of MVI, as CTC status positively correlated with the number and distance of MVI in peritumoral tissues (49). In summary, we have reason to believe that the preoperative detection of CTCs can indirectly determine whether the patient has MVI, to achieve the purpose of precise treatment.

In this study. We explored whether CTC status could affect the efficacy of RFA. Our data illustrated that for CTC-positive patients, the RFS and OS of the RFA group are inferior to the SR group in both the training and validation cohorts. Moreover, we have become conscious of the fact that RFA is associated with early recurrence, but not late recurrence. In short, RFA affected the OS of CTC-positive HCC patients mainly achieved by increasing the risk of early recurrence, as the probability of late recurrence was similar to that of patients who underwent SR. The conclusion is also verified in the validation cohort. It is well known that early postoperative recurrence of HCC is usually caused by residual occult lesions (50). Considering that the safety margin recommended by the current clinical guidelines for RFA is much lower than that of surgical resection (17), and for high-risk patients with preoperatively predicted MVI, RFA will greatly increase the probability of residual occult lesions compared with SR (7), which is also consistent with our findings.

Apart from that, our studies also reveal that the OS and RFS of CTC-negative patients in the RFA group and the SR group were roughly the same, and RFA did not increase the risk of early postoperative recurrence, likely due to the intrinsic low risk of recurrence in CTC-negative patients. Thus, preoperative CTCs detection has a high clinical guiding value, which might help to evaluate whether RFA or SR should be chosen for patients with SHCC. For patients with positive CTCs, SR should be the preferred treatment, or for patients who are only willing to receive RFA, postoperative adjuvant TACE may be recommended to improve the survival and prognosis of patients (50).

Our study possesses several limitations. 1. This study is a retrospective cohort study, there are many potential biases and confounding factors that cannot be eliminated, and the conclusions of the study need to be confirmed by a prospective study with a larger sample size. 2. Our research population is mainly the Chinese population. The vast majority of patients have hepatitis B virus-related hepatocellular carcinoma. Whether the conclusion is suitable for the hepatitis C and alcohol-related HCC population is still unknown. 3. There may be temporal heterogeneity in the detection of CTCs, and the number of CTCs in the peripheral blood of tumors in different periods may be different (51). The conclusion of this study may only be suitable for HCC patients whose tumor diameters are less than or equal to 3 cm. 4. The cost of CTCs detection is high, and it cannot be performed as a routine test in some areas with poor economic conditions, but we believe that with the improvement of detection methods, the cost of detection can be reduced to be more commonly used in clinical practice.



CONCLUSION

This study provides a new indicator for deciding whether to choose RFA or SR in the treatment of small hepatocellular carcinoma (SHCC). RFA should be avoided as a priority treatment for SHCC patients with positive preoperative CTCs.
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