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Background

Hepatocellular carcinoma (HCC) frequently relapses after minimally invasive treatment. This study aimed to observe the influencing factors of different recurrence patterns after radiofrequency ablation (RFA) for the treatment of recurrence.



Methods

The medical records of HCC patients who underwent RFA between January 2010 and January 2019 were retrospectively reviewed. HCC recurrence is classified into three types: local tumour progression (LTP), intrahepatic distant metastasis, and extrahepatic metastasis. Risk factors, overall survival (OS), and disease-free survival (DFS) were assessed for each modality. Among the risk factors are age, gender, liver function tests, blood tests, and tumour size. The OS and DFS curves were measured by the Kaplan-Meier method.



Results

406 patients who had undergone RFA were included in the study. The median survival for OS and DFS were 120 and 43.6 months. During follow-up, 39, 312, and 55 patients developed LTP, intrahepatic distant metastasis, and extrahepatic metastatic recurrence, respectively. The independent risk factors for each type were as follows: WBC > 5.55*109/L was an independent risk factor for local recurrence. Multiple tumours, extrahepatic metastases, and AFP > 200 ng/ml were used for intrahepatic metastases. Age (P = 0.030), recurrence pattern (P < 0.001) and Child-Pugh class B (P = 0.015) were independent predictors of OS.



Conclusions

According to our classification, each pattern of recurrence has different risk factors for recurrence, OS, and DFS.
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Introduction

Primary liver cancer (PLC) is a common cause of cancer and cancer-related death worldwide. Hepatocellular carcinoma (HCC) accounts for about 90% of PLC and is a major global health problem (1).

Radiofrequency ablation (RFA), a standard minimally invasive treatment modality, has been widely used in clinical practice for local control of liver tumours (2). Treatments such as RFA, transarterial chemotherapy, and radioembolization are the recommended treatments for unresectable HCC (3). For solitary, small HCC, there are studies combining RFA and surgical resection as the first-line treatment (1).

RFA is a safe and effective treatment for liver cancer. However, as with other local treatments, recurrence and metastasis after RFA remain a significant threat for liver cancer patients. Radiological methods, such as computed tomography (CT) or magnetic resonance imaging (MRI), are available, but surveillance programs will no longer be cost-effective. In general, it is not cost-effective to use multidetector CT or dynamic MR imaging for monitoring because of the high false-positive rate and the need for the use of contrast agents to achieve adequate sensitivity (4). Therefore, there is an urgent need for effective biomarkers, which can easily evaluate the recurrence mode and curative effect after RFA treatment. Moreover, HCC recurrence is classified into three types: local tumour progression (LTP), intrahepatic distant metastasis, and extrahepatic metastasis.

Recently, many studies have shown that the systemic inflammatory response is associated with tumor progression. Neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR), which are inflammation-related biomarkers, have been confirmed to be prognostic indicators in gastric cancer (5, 6), colorectal cancer (7, 8) and Type A Acute Aortic Dissection (9). However, to our knowledge, few studies have reported the correlation between NLR, PLR, and different recurrence modes of RFA. Therefore, in this study, the value of inflammatory markers in predicting the prognosis of liver cancer patients receiving RFA was studied.

The aim of this retrospective study was to evaluate the long-term outcome of RFA alone as first-line treatment and to identify prognostic factors for different recurrence patterns in 406 patients. Each pattern of recurrence has different risk factors for recurrence, OS, and DFS.



Materials and methods


Patient characteristics

We retrospectively evaluated the data of 1059 patients with HCC who underwent RFA between January 2010 and January 2019 at the Affiliated Tumor Hospital of Zhengzhou University, China. The inclusion criteria for this study were: (1) Diagnosed as HCC(2) Single tumor, ≤ 5 cm in diameter;(3) There are multiple nodule (2-3 tumors, ≤ 3 cm in greatest diameter)(4) Patients with Child-Pugh class A or B and percutaneous RFA under the guidance of ultrasound in our hospital. The exclusion criteria for this study were: (1) other malignancies, (2) surgical contraindications, and (3) severe infection. Most patients were excluded due to a lack of complete case data. Ultimately, 406 patients with HCC treated with RFA were included in the study (Figure 1). Preoperative baseline data for all patients are shown in Table 1.




Figure 1 | Flow chart shows the screening procedure for patients with hepatocellular carcinoma (HCC).




Table 1 | Patient demographics (N= 406).



Our institutional review committee approved this retrospective study. As this article was a retrospective study, all patients gave up their written informed consent.



Treatment instruments

The Samsung ACCUVIX A30 color Doppler ultrasound diagnostic instrument was used with an abdominal probe frequency of 3.5MHz. Radiofrequency ablation instrument the cold circulating radiofrequency ablation system produced by STAR med, Korea, consisted of a radiofrequency generator, cold circulating water pumps, negative polar plates, and accessories. The maximum output powerwas 200 W, stable control at 15-125°C, the ablation electrode needle ua sed cold circulating single motor ablation needleand, the length of the lead bare electrode was dynamically adjusted according to the specific tumor size (0-4 cm), the output power and ablation time were adjusted according to the lead bare length.



Therapeutic method

The blood routine, coagulation function, and liver and kidney function were checked preoperatively, and enhanced CT or MRI examination was well-established. The puncture path was determined based on the specific location and size of the tumor under ultrasound. Ultrasound-guided live speaking ablation electrodes are needled into the tumor, and RFA begins after reaching the location. The specific ablation power and time were determined by the lesion size. Ultrasound during ablation was monitored in real-time to avoid damage to the intrahepatic ducts. Ablation margins for all tumors, except subcapsular, were planned to be at least 0.5 cm from the tumor border. The ablation process ends when the echogenic area created by RFA is large enough to cover the entire tumor and surrounding normal liver to achieve an adequate ablation margin on ultrasound.

The PLR is calculated as the platelet count divided by the lymphocyte count, and NLR is calculated as the neutrophils count divided by the lymphocyte count.



Efficacy evaluation and follow-up

Dynamic contrast-enhanced CT or MRI was performed on the third day after RFA treatment to evaluate the treatment effect, and the complication status was recorded. Further treatment will be scheduled if any residual or new tumor is found. Imaging 1 month after treatment confirmed no definite activity of the tumor ablation zone as complete ablation. Meanwhile, we defined incomplete ablation as the presence of local enhancement or rim enhancement within the tumor lesion on dynamic contrast-enhanced CT or MRI of the liver on arterial phase examination. Meanwhile, patients underwent multiphase enhanced CT or MRI every 3 months for the first 2 years and every 4-6 months after that (10).

Local tumor progression(LPT) was defined as the recurrence of completely ablated tumors during follow-up (11). Intrahepatic distant recurrence is defined as the discovery of a new tumor in the liver that is not directly connected to the original lesion and is more than 1cm away. Extrahepatic metastases are defined as metastatic tumors in other organs outside the liver. Follow-up visits were conducted by telephone and outpatient revisits, laboratory and imaging findings were collected, and follow-up patient clinical data were recorded. All patients were followed up, and the date of completion of RFA therapy was the follow-up start date. We compared overall survival (OS) and disease-free survival (DFS) in patients with different recurrence patterns. OS is defined as the time from initial treatment to death or the last follow-up. DFS is defined as the proportion of patients who survive without recurrence and metastasis (disease-free) from the initial treatment.



Statistical analysis

Continuous variables were expressed as mean ± standard deviation. The frequency (percentage) at which categorical variables are expressed. Univariate and multivariate Cox proportional hazards regression models were used to estimate hazard ratios (HR) and corresponding 95% confidential intervals (CI) for each potential prognostic variable. The OS and DFS curves were measured by the Kaplan Meier method. P values less than 0.05 were considered significant. Variables that were statistically significant (all P < 0.05) in univariate analysis and included in multivariate analysis. Analyses were performed using SPSS software version 25 (SPSS Inc., Chicago, IL) and R (version 4.1.2).




Results


Patient characteristics

Of the 406 patients with HCC, 335 (82.6%) were male and 71 (17.4%) were female. Their mean age was 59 years. LTP was detected in 39 of 406 patients after RFA, 312 cases of intrahepatic distant recurrence, and 55 cases of distant metastasis. Characteristics of recurrent tumors of each pattern were shown in Table 2. Other clinic characteristics, including tumor diameter, blood routine and liver function indexes, are shown in Table 1.


Table 2 | Characteristics and outcomes for different recurrence patterns.





Risk factors of each recurrence pattern

Table 3 shows the results of univariate and multivariate analysis of risk factors for each pattern of recurrence. Preoperative glucose > 4.5 mmol/L, HR [95% CI]: 0.055 [0.008, 0.378], P = 0.003) were protective factors for LTP, while preoperative white blood cell (WBC) > 5.55*109/L (HR [95% CI]: 7.959 [1.719-36.850], P = 0.008) was an independent risk factor for LTP; Multiple tumors (HR [95% CI: 1.349 [1.035, 1.759], P = 0.027), extrahepatic metastases (HR [95% CI: 2.955 [1.205, 7.246], P = 0.018), and preoperative AFP level > 200 ng/ml (HR [95% CI: 1.475 [1.117, 1.948], P = 0.006) were independent risk factors for intrahepatic distant recurrence; Preoperative γ- GT > 74 ng/ml (HR [95% CI]: 0.415 [0.178 – 0.969], P = 0.042) was an independent protective factor for invasive recurrence.


Table 3 | Univariate and multivariate analysis of the prognostic factors for different recurrence patterns in the entire study population (N = 406).





OS and prognostic factors

The 1 -, 3 -, and 5-year OS rates were 95.1%, 80.1%, and 69.2%, respectively. The median OS was 120 months (95% CI, 71.328-168.805 months) (Figure 2). Univariate and multivariate analysis showed that age > 60 years (HR [95%]: 1.487 [1.038-2.130], P = 0.030, Child-Pugh class B (HR [95%]: 2.247 [1.171-4.367], P = 0.015) and recurrence patterns of each pattern were observed: extrahepatic metastasis, 4.254 [2.026-8.931]; Overall P < 0. 001) were independent prognostic factors for OS (Table 4). The median OS was 120 months, 31 months (95% CI, 9.865-52.135), for patients with intrahepatic distant recurrence and extrahepatic metastases, respectively (Figure 3). However, the lowest survival rate for LPT was 70%, so the median survival time was not calculated.




Figure 2 | Kaplan-Meier curve of overall survival (OS) in patients with primary liver cancer who underwent radiofrequency ablation (median OS, 120 months).




Table 4 | Univariate and multivariate analysis of the prognostic factors for overall survival in the entire study population (N = 406).






Figure 3 | Kaplan-Meier curves of overall survival (OS) in patients with LPT, intrahepatic distant metastasis, and extrahepatic metastasis. (overall P<.001).





DFS and prognostic factors

The 1-, 3-, and 5-year DFS rates were 78.8%, 54.4% and 43.4%, respectively. The DFS of 406 patients with recurrence was 43.6 months (95% CI, 32.932-54.268 months). The DFS was 45.5 months (95% CI, 19.973-71.027) and 19.4 months (95% CI, 10.938-27.862) for intrahepatic distant metastasis and extrahepatic metastasis, respectively (Figures 4, 5). Patients with intrahepatic distant metastases had a better median post recurrence survival than those with extrahepatic metastases (Table 5).




Figure 4 | Kaplan-Meier curve of disease-free survival (DFS) in patients with primary liver cancer who underwent radiofrequency ablation (median DFS, 43.6 months).






Figure 5 | Kaplan-Meier curves of disease-free survival (DFS) in patients with LPT, intrahepatic distant metastasis, and extrahepatic metastasis.




Table 5 | Univariate and multivariate analysis of the prognostic factors for disease-free survival in the entire study population (N = 406).






Discussion

In this study, we evaluated RFA treatment risk factors for different recurrence patterns of HCC. In addition to a lower preoperative glucose level, a higher white blood cell count was a significant risk factor for LTP. Moreover, different recurrence patterns risk factors differ. We also observed 1 -, 3 -, 5 - overall survival rates of 94.9%, 80%, and 68.8% after undergoing RFA.

The link between cancer and inflammation has been studied for many years, and epidemiological studies have shown that chronic inflammation predisposes individuals to various types of cancer. Underlying infections and inflammatory responses are estimated to be associated with 15-20% of cancer deaths worldwide (12). This molecular pathway of cancer-related inflammation is currently being unraveled, leading to the discovery of novel target molecules and thus to improved diagnosis and treatment. Peripheral blood cells may reflect the inflammatory status of patients and the response of patients to malignancies, and these cells have great potential in improving the predictive power of known prognostic factors (13).

Lymphocytes are an essential immune cell in the inflammatory response and are independently associated with prognosis in various malignancies, such as gastric cancer (14), hepatocellular carcinoma (15), and lymphoma (16). Peripheral blood lymphocyte count is an important surrogate marker of immune reconstitution after stem cell transplantation for non-Hodgkin lymphoma, and lymphopenia is a surrogate marker of host immune insufficiency. Lymphopenia may compromise antibody-dependent cell-mediated cytotoxicity due to the lack of effector cells, thereby compromising the immune system’s efficacy (17). In addition, platelet tumor interactions have also been implicated in hematogenous metastasis, as antiplatelet agents and thrombocytopenia have been reported to reduce the number of experimental tumor metastases (18). In our study, PLR was shown to be an independent risk factor for distant intrahepatic metastasis in the univariate and multivariate analyses.

RFA is a representative method for nonsurgical treatment of liver tumors because of wide indications, minimal trauma, less bleeding, and rapid postoperative recovery (19). The study showed that RFA was safe and effective in treating liver tumors, and its efficacy was comparable to that of surgical resection (20). However, in previous studies, the 5-year recurrence rate still reached 65.6% - 69.8% (21), and a 5-year OS rate of 55. 2%-65. 1% (22). Our study classified liver cancer recurrence after RFA into: LTP, intrahepatic distant metastasis, and extrahepatic metastasis. The median OS and DFS showed significant differences among the patients. Intrahepatic and distant metastases were all associated with a longer median survival time than extrahepatic metastases. Furthermore, in univariate and multivariate analysis, we found that the recurrence pattern was an independent prognostic factor for OS, and each recurrence pattern had different risk factors. These results imply the usefulness of this classification for liver cancer recurrence, which provides us with an important clinical reference value for adopting preventive measures for each recurrence pattern according to these risk factors and helps us to predict the long-term survival of patients with recurrence. In our study, the 1-, 3-, and 5-year OS rates were 94.9%, 80% and 68.8%, respectively. The 1-, 3-, and 5-year DFS rates were 78.3%, 54% and 43.1%, respectively.

According to the literature, due to the risk of liver function deterioration, Child-Pugh class B patients should selectively consider RFA (23). Our study also found that Child-Pugh class B was another independent predictor consistent with previous findings (24). Child-Pugh class B liver disease may result in intolerance to repeated rescue therapy and even liver failure at long-term follow-up. Local tumor recurrence after RFA is closely related to the location of the tumor, such as the tumor located in the top of the diaphragm, adjacent to the great vessels, and adjacent to the gallbladder (25, 26). In addition, our study found that AFP level was an independent predictor of distant intrahepatic metastasis ≥ 200 ng/ml. Many tumor markers have been investigated, including AFP, AFP-L3, and DCP. Biomarkers are also crucial in diagnosing, predicting prognosis, and surveillance of liver cancer (27, 28). High levels of AFP indicate poor differentiation and high invasiveness of initial HCC, which are also associated with tumor progression after treatment (29). Liver function is also an important measure of the quality of patient survival. Liver function, viral load, and adverse effects were examined (30) and sequential cellular immunotherapy improves progression-free survival for patients with HCC in Cui’s study. In addition, the purpose of the meta-analysis of Giuseppe et al. was to evaluate the recurrence and survival probability of HCV related diseases, potential cure, early HCC with complete remission after treatment, and to identify predictors of recurrence and survival (31). In our study, liver function served as an independent prognostic factor in intrahepatic distant metastasis and extrahepatic metastatic recurrence. Men dominate PLC, and the proportion of men and women is estimated to be 2-2.5:1 (32). In our study, male sex was equally represented and acted as an independent prognostic risk factor for LPT.

Our study has several limitations: First, it is a single center retrospective study and therefore inherently subject to selection and indication biases; Second, the factors affecting prognosis are numerous, and those of our statistics are limited. The conclusions of this study need to be validated by prospective studies with larger sample sizes.



Conclusions

In conclusion, the recurrence pattern of HCC after RFA treatment can be divided into LTP, intrahepatic distant metastasis, and extrahepatic metastasis. For different recurrence patterns, there are different risk factors, OS and DFS.



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 studies involving human participants were reviewed and approved by the Ethics Committee of the Affiliated Tumor Hospital of Zhengzhou University, China.



Author contributions

Software, formal analysis, investigation, and writing of the original draft (RC, BNH,YZZ). Acquisition of the data (TZ, ZZW). Analysis and interpretation of data (XC). Drafted the manuscript (RC). Critical revision of the manuscript for important intellectual content (YWZ). Study supervision (MC). All authors reviewed and commented on the manuscript and approved the final version.



Funding

This study was funded by the National Natural Science Foundation of China (Grant No. 81903086) and Shandong Provincial Natural Science Foundation, China (Grant No.ZR2019QH014).



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.



Abbreviations

HCC, Hepatocellular carcinoma; RFA, radiofrequency ablation; OS, overall survival; DFS, disease-free survival; CT, computed tomography; MRI, magnetic resonance imaging; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; LPT, Local tumor progression; HR, hazard ratios; CI, confidential intervals; WBC, white blood cell.



References

1. European Association for the Study of the Liver, and Electronic address and L. European Association for the study of the, EASL clinical practice guidelines: Management of hepatocellular carcinoma. J Hepatol (2018) 69:182–236. doi: 10.1016/j.jhep.2018.03.019

2. Hao, W, Binbin, J, Wei, Y, and Kun, Y. Can radiofrequency ablation replace liver resection for solitary colorectal liver metastasis? A Syst Rev Meta-Anal Front Oncol (2020) 10:561669. doi: 10.3389/fonc.2020.561669

3. Nouso, K, Kariyama, K, Nakamura, S, Oonishi, A, Wakuta, A, Oyama, A, et al. Application of radiofrequency ablation for the treatment of intermediate-stage hepatocellular carcinoma. J Gastroenterol Hepatol (2017) 32:695–700. doi: 10.1111/jgh.13586

4. Pocha, C, Dieperink, E, McMaken, KA, Knott, A, Thuras, P, and Ho, SB. Surveillance for hepatocellular cancer with ultrasonography vs. computed tomography – a randomised study. Aliment Pharmacol Ther (2013) 38:303–12. doi: 10.1111/apt.12370

5. Zhang, LX, Wei, ZJ, Xu, AM, and Zang, JH. Can the neutrophil-lymphocyte ratio and platelet-lymphocyte ratio be beneficial in predicting lymph node metastasis and promising prognostic markers of gastric cancer patients? tumor maker retrospective study. Int J Surg (2018) 56:320–7. doi: 10.1016/j.ijsu.2018.06.037

6. Fang, T, Wang, Y, Yin, X, Zhai, Z, Zhang, Y, Yang, Y, et al. Diagnostic sensitivity of NLR and PLR in early diagnosis of gastric cancer. J Immunol Res (2020) 2020:9146042. doi: 10.1155/2020/9146042

7. Xia, LJ, Li, W, Zhai, JC, Yan, CW, Chen, JB, and Yang, H. Significance of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, lymphocyte-to-monocyte ratio and prognostic nutritional index for predicting clinical outcomes in T1-2 rectal cancer. BMC Cancer (2020) 20:208. doi: 10.1186/s12885-020-6698-6

8. Nora, I, Shridhar, R, Huston, J, and Meredith, K. The accuracy of neutrophil to lymphocyte ratio and platelet to lymphocyte ratio as a marker for gastrointestinal malignancies. J Gastrointest Oncol (2018) 9:972–8. doi: 10.21037/jgo.2018.08.05

9. Bedel, C, and Selvi, F. Association of platelet to lymphocyte and neutrophil to lymphocyte ratios with in-hospital mortality in patients with type a acute aortic dissection. Braz J Cardiovasc Surg (2019) 34:694–8. doi: 10.21470/1678-9741-2018-0343

10. Kang, T, Kim, J, Rhim, H, Lee, M, Kim, Y, Lim, H, et al. Small hepatocellular carcinoma: Radiofrequency ablation versus nonanatomic resection–propensity score analyses of long-term outcomes. Radiology (2015) 275:908–19. doi: 10.1148/radiol.15141483

11. Ahmed, M, Solbiati, L, Brace, CL, Breen, DJ, Callstrom, MR, Charboneau, JW, et al. A. international working group on image-guided tumor, p. interventional oncology sans frontieres expert, r. technology assessment committee of the society of interventional, c. standard of practice committee of the and e. interventional radiological society of, image-guided tumor ablation: Standardization of terminology and reporting criteria–a 10-year update. Radiology (2014) 273:241–60. doi: 10.1148/radiol.14132958

12. Balkwill, F, and Mantovani, A. Inflammation and cancer: back to virchow? Lancet (2001) 357:539–45. doi: 10.1016/S0140-6736(00)04046-0

13. Xiao, WW, Zhang, LN, You, KY, Huang, R, Yu, X, Ding, PR, et al. A low lymphocyte-to-Monocyte ratio predicts unfavorable prognosis in pathological T3N0 rectal cancer patients following total mesorectal excision. J Cancer (2015) 6:616–22. doi: 10.7150/jca.11727

14. Bruckner, H, Lavin, P, Plaxe, S, Storch, J, and Livstone, E. Absolute granulocyte, lymphocyte, and moncyte counts. useful determinants of prognosis for patients with metastatic cancer of the stomach. JAMA (1982) 247:1004–6. doi: 10.1001/jama.1982.03320320040027

15. Chew, V, Chen, J, Lee, D, Loh, E, Lee, J, Lim, KH, et al. Chemokine-driven lymphocyte infiltration: An early intratumoural event determining long-term survival in resectable hepatocellular carcinoma. Gut (2012) 61:427–38. doi: 10.1136/gutjnl-2011-300509

16. Wilcox, RA, Ristow, K, Habermann, TM, Inwards, DJ, Micallef, IN, Johnston, PB, et al. The absolute monocyte and lymphocyte prognostic score predicts survival and identifies high-risk patients in diffuse large-b-cell lymphoma. Leukemia (2011) 25:1502–9. doi: 10.1038/leu.2011.112

17. Porrata, LF, Ristow, K, Colgan, JP, Habermann, TM, Witzig, TE, Inwards, DJ, et al. Peripheral blood lymphocyte/monocyte ratio at diagnosis and survival in classical hodgkin’s lymphoma. Haematologica (2012) 97:262–9. doi: 10.3324/haematol.2011.050138

18. Takagi, S, Sato, S, Oh-hara, T, Takami, M, Koike, S, Mishima, Y, et al. Platelets promote tumor growth and metastasis via direct interaction between aggrus/podoplanin and CLEC-2. PloS One (2013) 8:e73609. doi: 10.1371/journal.pone.0073609

19. N’Kontchou, G, Mahamoudi, A, Aout, M, Ganne-Carrie, N, Grando, V, Coderc, E, et al. Radiofrequency ablation of hepatocellular carcinoma: long-term results and prognostic factors in 235 Western patients with cirrhosis. Hepatology (2009) 50:1475–83. doi: 10.1002/hep.23181

20. Lee, T, Lin, J, Ho, H, Wu, M, and Wu, C. Evaluation of the effect of cumulative operator experience on hepatocellular carcinoma recurrence after primary treatment with radiofrequency ablation. Radiology (2015) 276:294–301. doi: 10.1148/radiol.15141864

21. Kobayashi, M, Hosaka, T, Ikeda, K, Seko, Y, Kawamura, Y, Sezaki, H, et al. Highly sensitive AFP-L3% assay is useful for predicting recurrence of hepatocellular carcinoma after curative treatment pre- and postoperatively. Hepatol Res (2011) 41:1036–45. doi: 10.1111/j.1872-034X.2011.00858.x

22. Peng, ZW, Liu, FR, Ye, S, Xu, L, Zhang, YJ, Liang, HH, et al. Radiofrequency ablation versus open hepatic resection for elderly patients (> 65 years) with very early or early hepatocellular carcinoma. Cancer (2013) 119:3812–20. doi: 10.1002/cncr.28293

23. Granito, A, and Bolondi, L. Non-transplant therapies for patients with hepatocellular carcinoma and child-Pugh-Turcotte class b cirrhosis. Lancet Oncol (2017) 18:e101–12. doi: 10.1016/S1470-2045(16)30569-1

24. Huang, J, Huang, W, Guo, Y, Cai, M, Zhou, J, Lin, L, et al. Patterns, and long-term survival of recurrence after radiofrequency ablation with or without transarterial chemoembolization for hepatocellular carcinoma. Front Oncol (2021) 11:638428. doi: 10.3389/fonc.2021.638428

25. Ren, Y, Cao, Y, Ma, H, Kan, X, Zhou, C, Liu, J, et al. Improved clinical outcome using transarterial chemoembolization combined with radiofrequency ablation for patients in Barcelona clinic liver cancer stage a or b hepatocellular carcinoma regardless of tumor size: results of a single-center retrospective case control study. BMC Cancer (2019) 19:983. doi: 10.1186/s12885-019-6237-5

26. Ren, Y, Dong, X, Chen, L, Sun, T, Alwalid, O, Kan, X, et al. Combined ultrasound and CT-guided iodine-125 seeds implantation for treatment of residual hepatocellular carcinoma located at complex sites after transcatheter arterial chemoembolization. Front Oncol (2021) 11:582544. doi: 10.3389/fonc.2021.582544

27. Bertino, G, Ardiri, A, Malaguarnera, M, Malaguarnera, G, Bertino, N, and Calvagno, GS. Hepatocellualar carcinoma serum markers. Semin Oncol (2012) 39:410–33. doi: 10.1053/j.seminoncol.2012.05.001

28. Pinero, F, Dirchwolf, M, and Pessoa, MG. Biomarkers in hepatocellular carcinoma: Diagnosis, prognosis and treatment response assessment. Cells (2020) 9(6):1370. doi: 10.3390/cells9061370

29. Kim, YS, Rhim, H, Cho, OK, Koh, BH, and Kim, Y. Intrahepatic recurrence after percutaneous radiofrequency ablation of hepatocellular carcinoma: Analysis of the pattern and risk factors. Eur J Radiol (2006) 59:432–41. doi: 10.1016/j.ejrad.2006.03.007

30. Cui, J, Wang, N, Zhao, H, Jin, H, Wang, G, Niu, C, et al. Combination of radiofrequency ablation and sequential cellular immunotherapy improves progression-free survival for patients with hepatocellular carcinoma. Int J Cancer (2014) 134:342–51. doi: 10.1002/ijc.28372

31. Cabibbo, G, Petta, S, Barbara, M, Missale, G, Virdone, R, Caturelli, E, et al. A meta-analysis of single HCV-untreated arm of studies evaluating outcomes after curative treatments of HCV-related hepatocellular carcinoma. Liver Int (2017) 37:1157–66. doi: 10.1111/liv.13357

32. El-Serag, HB. Epidemiology of viral hepatitis and hepatocellular carcinoma. Gastroenterology (2012) 142:1264–1273 e1. doi: 10.1053/j.gastro.2011.12.061


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.

Copyright © 2023 Chen, Hou, Zhou, Zhang, Wang, Chen, Zhang and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1018715-g004.jpg
Disease-Free Survival

—I"1Sumival Function

~—}— Censored

20 40 60 80 100

Time after initial treatment(month)





OEBPS/Images/fonc-13-1018715-g002.jpg
08

=
™

=
.

Overall Survival

B
X}

0o

—I 1 Survival Function
—}— Censored

0 50 100 150

Time after initial treatment (month)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Recurrence after percutaneous radiofrequency ablation of hepatocellular carcinoma: Analysis of the pattern and risk factors

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patient characteristics

          



          		

            Treatment instruments

          



          		

            Therapeutic method

          



          		

            Efficacy evaluation and follow-up

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Patient characteristics

          



          		

            Risk factors of each recurrence pattern

          



          		

            OS and prognostic factors

          



          		

            DFS and prognostic factors

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2023.1018715_cover.jpg
, frontiers ‘ Frontiers in Oncology

Recurrence after percutaneous
radiofrequency ablation of
hepatocellular carcinoma:
Analysis of the pattern and
risk factors





OEBPS/Images/table2.jpg
Characteristic for patients trahepatic distant metastasis (| epatic metastatic (N=55)

Sex (Female/Male) 11 (28.2)/28 (71.8) 50 (16.0)/262 (84.0) 10 (18.2)/45 (81.8)
Age (year), Median (range) 57 (38-83) 59.22 (31-91) 60.5 (34-83)
Tumor diameter (cm), Median (range) 3.3 (0-5) 2.3 (0.8-5) 27 (12-5)
Tumor number, Median (range) 2.2(1-3) 2.4 (1-3) 1.6 (1-3)
Cirrhosis type
No 4(10.3) 16 (5.1) 5(9.1)
Hepatitis B 34 (87.2) 247 (79.2) 47 (85.5)
Hepatitis C 1(2.6) 41 (13.1) 3(55)
Alcoholic hepatitis 3(1.0)
Others 5(1.6)
Extrahepatic metastases (No/Yes) 39 (100.0)/0 (0) 307 (98.4)/5 (1.6) 46 (83.6)/9 (16.4)
Child-Pugh Class (A/B) 36 (92.3)/3 (7.7) 298 (95.5)/14 (4.5) 54 (98.2)/1 (1.8)

Pathological types

Well differentiated 1(2.6) 23(7.3) 5(9.1)
Moderately differentiated 14 (35.9) 41 (13.1) 12 (21.8)
Poorly differentiated 1(2.6) 16 (5.1) 1(1.8)

No 23 (59.0) 232 (74.4) 37 (67.3)
Ascites (No/Yes) 34 (87.2)/5 (12.8) 294 (94.2)/18 (5.8) 53 (96.4)/2 (3.6)
ALT (U/L), Median (range) 24,5 (9.6-128) 26.4 (4-220.6) 24.8 (8.3-94.5)
AST (U/L), Median (range) 23.6 (14.1-129.8) 28 (11.7-408.4) 2435 (12.9-110)
¥-GT (U/L), Median (range) 38.8 (14.6-257.2) 474 (11.3-1789.2) 39.8 (10.2-453.1)
AFP (ng/ml), Median (range) 26 (0.61-12134.6) 15.76 (0.81-61100) 11.98 (0.74-15729)
ALP (U/L), Median (range) 76.3 (26.2-161.8) 80.05 (11.4-439) 82.4 (39.6-242.7)
ALB (g/L), Median (range) 40.75 (24.3-46.5) 39.73 (23.4-68) 40 (28.8-48.8)
TBIL (umol/L), Median (range) 14.4 (3.7-44) 14.125 (5.2-56.9) 12.6 (4.5-52.7)
Blood sugar, Median (range) 49 (4.19-12.19) 4.98 (3.61-78.5) 5.18 (3.71-14.49)
Hemoglobin (g/L), Median (range) 134 (67-171) 136.07 (68-178) 135.17 (103-163)
RBC count (x10°/L), Median (range) 436 (2.37-533) 426 (2.01-6.59) 4315 (2.84-5.29)
Platelet count (x10%/L), Median (range) 127 (21-242) 10033 (24-435) 117 (30-333)
Lymphocyte count (x10%/L), Median (range) 03157 (0.046-0.571) 0329 (0.047-45.3) 0.305 (0.149—76.5)
NLR 1.83 (0.56-19.74) 1.71 (0.01-19.68) 1.83 (0.01-4.62)
PLR 411.59 (60.69-2237.62) 315.67 (2.60-2443.82) 379.56 (2.71-1558.66)
WBC count (x10°/L), Median (range) 49 (1.3-937) 422 (1.1-11.49) 4,61 (2.12-8.26)
Neutrophil count (x 10°/L), Median (range) 0,575 (0.317-0.908) 0564 (0.257-0.925) 0.58 (0.24-0.743)
INR 1.1 (0.89-1.72) 1.11 (0.82-1.82) 1.077 (0.87-1.71)
Ablation time (s), Median (range) 600 (240-1740) 430 (120-2960) 462.86 (270-2280)
Complication (No/Yes) 16 (41.0)/23 (59.0) 122 (39.1)/190 (60.9) 21 (38.2)/34 (61.8)
Complete ablation (No/Yes) 0 (0)/39 (100.0) 3 (1.0)/309 (99.0) 0 (0)/55 (100.0)
Recurrence time (month) 8(1-34) 10.29 (0-75) 10.5 (2-61)

Continuous variables are expressed as the mean + standard deviation, and categorical variables are expressed as N (%).
The values given are the number of patients unless indicated otherwise.
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Factors Univariate analysis Multivariate analysis

HR (95% Cl) P value HR (95% Cl) P value

Age (year) 0.006* 0.030*
<60 1 [ 1
>60 1.638 (1.154-2.325) 1.487 (1.038-2.130)

Child-Pugh Class 0.012* 0.015*
A 1 1
B 2.94 (1.200-4.387) ; 2.247 (1.171-4.367)

ALB (g/L) 0.019* 0.203
<35 1 -
>35 0.609 (0.403-0.923) -

Hemoglobin (g/L) 0.003* 0.513
<1435 1 -
>143.5 0.537 (0.355-0.813) -

RBC count (x10°/L) 0.003* 0.006*
<4.5 ‘ 1 ‘ 1 |
>4.5 0.542 (0.360-0.816) 0.552 (0.360-0.845)

Recurrence pattern 0.000% 0.000%
LPT 1 1

I Intrahepatic distant metastasis 1.061 (0.533-2.111) 0.866 0.982 (0.493-1.959) 0.960

Extrahepatic metastatic 4.052 (1.936-8.481) 0.000* 4.254 (2.026-8.931) 0.000*

HR, Hazard ratio.
*Represent P< 0.05, which was considered to be statistically significant.
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Factors Univariate analysis Multivariate analysis

HR (95% Cl) P value HR (95% Cl) P value

LPT
Sex 0.061 0.099
Male 1 -
Female 3.074(0.951-9.932) -
Blood sugar (mmol/L) 0.018* 0.003*
<45 1 1
>4.5 0.140(0.027-0.717) 0.055(0.008-0.378)
WBC countx10°/L 0051* 0.008*
<55 1 1

[ 555 3.616(0.997-13.113) 7.959(1.719-36.850)

Intrahepatic distant metastasis

Tumor number 0.019* 0.027*
Solitary 1 1

Multiple 1.373(1.054-1.789) 1.349(1.035-1.759)

Extrahepatic metastatic 0.017¢ 0.018*
No 1 1

Yes 2.970(1.215-7.262) 2.955(1.205-7.246)

AFP (ng/ml) 0.003* 0.006*
<200 3t 1

>200 1.526(1.157-2.011) 1.475(1.117-1.948)

ALP (U/L) 0.025% 0.176
<115 1 -

>115 1.396(1.042-1.870) =

ALB (g/L) 0.020* 0.044
<35 1 1

>35 0.701(0.519-0.946) 0.733(0.542-0.991)

RBC countx10°/L 0.047% 0.272
<4.5 1 4

>4.5 0.783(0.615-0.997) -

PLR 0.022* 0.054
<=390 1

>390 1.329(1.041-1.697)

Ablation time(s) 0.050 0.015*
<=430 1

>430 0.794(0.631-1.000) 0.746(0.590-0.944)

Extrahepatic metastatic

¥-GT (U/L) 0.031* 0.042*
<74 1 1

>74 0.374(0.153-0.912) 0.415(0.178-0.969)

NLR 0.048* 0.063
<=15 1 #

>15 0.451(0.205-0.993) =

HR, Hazard ratio.
*Represent P< 0.05, which was considered to be statistically significant.
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Characteristic for patients

N=406

Sex (Female/Male)

71 (17.5)/335 (82.5)

Age (year), Median (range) 59 (31-91)
Tumor diameter (cm), Median (range) 2.5 (0-5)
Tumor number, Median (range) 2 (1-3)
Cirrhosis type
No 25 (6.2)
Hepatitis B 328 (80.8)
Hepatitis C 45 (11.1)
Alcoholic hepatitis 3(0.7)
Others 5(1.2)

Extrahepatic metastases (No/Yes)

Child-Pugh Class (A/B)

392 (96.6)/14 (3.4)

388 (95.6)/18 (4.4)

Pathological types

Well-difterentiated 29 (7.1)
Moderately differentiated 67 (16.5)
Poorly differentiated 18 (4.4)
No 292 (71.9)

Ascites (No/Yes)
ALT (U/L), Median (range)
AST (U/L), Median (range)

v-GT (U/L), Median (range)

381 (93.8)/25 (6.2)
25.6 (4-220.6)
27.7 (11.7-408.4)

44.5 (10.2-1789.2)

AFP (ng/ml), Median (range)

15.6 (0.61-61100)

ALP (U/L), Median (range)
ALB (g/L), Median (range)
TBIL (umol/L), Median (range)
Blood sugar, Median (range)

RBC count (x10°/L), Median (range)

80 (11.4-439)
40 (23.4-68)
14 (3.7-56.9)
5 (3.6-78.5)

4.3 (2-6.59)

Platelet count (x10°/L), Median (range)

103 (21-435)

Lymphocyte count (x10°/L), Median (range)
NLR

PLR

WBC count (x10°/L), Median (range)

Neutrophil count (x 10°/L), Median (range)

0.327 (0.046-76.5)
1.7 (0.007-19.7)
334.9 (2.6-2443.8)
429 (1.1-11.49)

0.571 (0.24-0.925)

INR

1.1 (0.82-1.82)

Ablation time (s), Median (range)
Complication (No/Yes)

Recurrence pattern

480 (120-2960)

159 (39.2)/247 (60.8)

LPT

‘ Intrahepatic distant metastasis

39 (9.6)

312 (76.8)

Extrahepatic metastatic

55 (13.5)

Continuous variables are expressed as the mean + standard deviation, and categorical variables

are expressed as N (%).

The values given are the number of patients unless indicated otherwise.





OEBPS/Images/table5.jpg
Factors Univariate analysis Multivariate analysis

HR (95% Cl) P value HR (95% Cl) P value

Age (year) 0.001* 0.024*
<60 1 1
>60 1.799 (1.264-2.559) 1.518 (1.057-2.179)

Extrahepatic metastases 0.038* 0.403
No 1 -
Yes 2.250 (1.048-4.830) -

Child-Pugh Class 0.032* 0.212
A 1 - |
B 2.033 (1.062-3.891) s

ALP (U/L) 0.030* 0.518
<115 1 #
>115 1.591 (1.045-2.422) -

ALB (g/L) 0.000* 0.004*
<35 1 1
>35 0.443 (0.291-0.672) 0.525 (0.338-0.815)

Hemoglobin (g/L) 0.000* 0.875
<1435 1 -
>143.5 0.474 (0.313-0.718) o

RBC count (x10%/L) 0.000* 0.007*
<4.5 1 1
>4.5 0.447 (0.296-0.676) 0.548 (0.354-0.849)

Recurrence pattern ‘
LPT 1 0.000* 1 0.000*
Intrahepatic distant metastasis ‘ 2.050 (1.023-4.106) 0.043* 1.723 (0.855-3.471) 0.128
Extrahepatic metastatic 3.985 (1.890-8.401) 0.000* 3.761 (1.782-7.937) 0.001*

HR, Hazard ratio.
*Represent P< 0.05, which was considered to be statistically significant.





