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Objectives

For the treatment of early hepatocellular carcinoma, we compared the efficacy and safety of radiofrequency ablation (RFA) alone and radiofrequency ablation combined with sorafenib (RFA+Sor).





Methods

A total of 164 patients with early HCC were included in the study. There were 87 patients who underwent RFA alone, and 77 patients who underwent RFA+Sor treatment. Overall survival (OS) was the primary endpoint of the study, and recurrence-free survival (RFS) and safety were the secondary endpoints.





Results

According to the RFA group, the RFS rates were 74.7%, 29.9%, and 11.5% at 1, 2, and 3 years, whereas in the RFA+Sor group, the RFS rates were 72.7%, 19.5%, and 11.7% at 1, 2, and 3 years (P>0.05). RFA and RFA+Sor groups had median OS of 35.0 and 41.0 months, respectively (P>0.05). For the RFA and RFA+Sor groups, the median RFS was 17.0 and 16.0 months, respectively (P>0.05). Based on the univariate regression analysis, there was no statistically significant difference between the subgroups (P>0.05). Skin rashes only occurred in the RFA+Sor group, and other adverse effects were not significantly different between the two groups (P>0.05).





Conclusions

Treatment with RFA+Sor treatment did not result in a longer OS than treatment with only RFA, however, the adverse effects of adjuvant Sorafenib were acceptable.
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Introduction

Primary liver cancer is the sixth most common malignant tumor in the world, and its incidence has increased in recent years; it has the fourth highest mortality rate in the world. More than half of the world’s primary liver cancer cases occur in China, with hepatocellular carcinoma (HCC) accounting for 90% (1, 2). In most cases, HCC is associated with liver cirrhosis, such as chronic hepatitis B virus infection, chronic hepatitis C virus infection, or non-alcoholic steatohepatitis (3, 4).

Patients diagnosed at an early stage of the disease may be treated with liver resection, transplantation, and local ablation as radical treatments; according to a study (3–6), patients who underwent liver resection had a 5-year survival rate of 60-80%, while patients who underwent local ablation had a survival rate of 40-70%. The tumor recurrence rate, however, is high, which affects the overall survival of these patients. A study reported that the 3-year tumor recurrence rate was approximately 50% and 70%, respectively (3–9). In conclusion, the long-term prognosis of HCC remains unsatisfactory after ablation, and preventing tumor recurrence or prolonging survival through adjuvant treatment remains a significant medical challenge.

As HCC is a highly heterogeneous tumor, and most patients have varying degrees of liver disease, adjuvant treatment presents a significant challenge. A standard adjuvant treatment for HCC does not exist at present because no adjuvant treatment has been shown to be effective in randomized studies after conventional treatment (4, 10–12). In spite of the fact that interferon is the most commonly used adjuvant treatment for HCC patients who undergo radical treatment, the evidence is limited and based on studies with small sample sizes, different patients, and different treatment durations (13). In a multicenter randomized clinical trial, Huaier granules proved to be an effective treatment after curative liver resection, but not after local ablation (14). There has been no convincing evidence that other adjuvant treatments after radical treatment, such as vitamin K2 and systemic chemotherapy, are effective or safe (15, 16).

The oral tyrosine kinase inhibitor sorafenib is approved for the treatment of unresectable HCC based on two phase 3 randomized trials (17, 18), and it is the most commonly prescribed treatment for advanced HCC (3, 11). Recurrence of tumors is associated with minimal residual disease (6, 19). Thus, sorafenib is a rational adjuvant treatment for HCC patients who undergo radiofrequency ablation (RFA) because it inhibits angiogenesis and tumor cell proliferation (20). It is unclear whether sorafenib is effective as an adjuvant therapy in patients who have undergone RFA alone, in spite of the STORM study indicating that sorafenib is not effective as an adjuvant treatment after ablation or resection (21). In this study, we evaluated the efficacy and safety of sorafenib as an adjuvant treatment for patients who had a complete radiological response after radical treatment by RFA (complete response on imaging).





Materials and methods




Patients

The Ethical Committee of the Fifth Medical Center of Chinese PLA General Hospital approved this study, and informed consent was obtained from each patient’s guardian. 683 HCC patients underwent RF ablation treatment at the Fifth Medical Center of the Chinese PLA General Hospital between July 2009 and December 2018. A retrospective analysis of 683 patients was conducted, 164 of whom met the inclusion criteria. The inclusion criteria were as follows: age of 18-75 years; patients who did not receive liver transplantation; HCC patients confirmed by pathology or imaging; HCC patients who did not receive previous treatment except for the RFA or liver resection; diameter of solitary tumor of 5.0 cm or lower; multiple tumors with each having a diameter of 3.0 cm or lower; three or fewer tumors; no invasion into the major portal and hepatic vein branches; no extrahepatic metastases; no severe liver dysfunction (Child-Pugh class C) or no significant coagulopathy (platelet count, <40 × 109/mm3; prothrombin activity, <40%); and Eastern Cooperative Oncology Group (ECOG) performance status of 0 and 1. Patients with incomplete clinical data, infection with HIV or other malignancies, or prior anti-cancer treatment for HCC, including sorafenib, were excluded from the study. As a conclusion, 87 patients who underwent RFA alone were compared with 77 patients who underwent RFA+Sor treatment.





Clinical data collection

Patients’ baseline clinical data were extracted from medical records; they included their age, their sex, their ECOG performance status, their RFA sessions, their laboratory and pathological examinations, their MR and CT images, and their treatment procedures.





Anesthesia method

Dexmedetomidine hydrochloride (Jiangsu Hengrui Medicine Co., Ltd., Aibeining: 2mL; 200μg) 0.5μg/kg/h was infused intravenously 30 min before RFA, and the infusion was continued for 15 minutes. In order to anesthetize the local area, lidocaine hydrochloride was administered (2%; Northeast Pharmaceutical Group Co., Ltd., Shenyang, China). Additionally, patients were given pethidine hydrochloride (100 mg, Northeast Pharmaceutical Group Co., Ltd., Shenyang, China) according to the actual situation, 25–100 mg at a time.





Treatment procedures

All patients underwent percutaneous radiofrequency ablation under dual-phase spiral CT guidance (GE Medical Systems, Milwaukee, WI). During the RFA procedure, we used bipolar radiofrequency ablation probes (Celon ProSurge 150-T30 or Celon ProSurge 150-T40, Celon AG Medical Instruments) with active tips of 30-40 mm measuring 1.8 mm in diameter, 1-250 W output power, 470 kHz frequency, and three bipolar channels. Prior to RFA, all patients underwent plain MR imaging and enhanced MR imaging in order to identify the number, location, and scope of lesions. A CT scan was used for localization during RFA treatment, and the tumor center was selected for puncture as a result of a preoperative MRI examination. Following probe insertion, a CT scan was performed, and RFA was performed once an accurate localization had been achieved. When a non-enhancing region was greater than the previous tumor area, we considered that the RFA treatment was complete. Multiple overlaps were abated using the technique of Chen et al. (22), if the largest tumor diameter exceeded 3 cm.

Sorafenib (Bayer Pharma, Germany) treatment was initiated at the time point of 3 days post-radiofrequency ablation, once liver function had returned to near-normal levels. All patients achieved a complete response at the imaging level following RFA, with the assessment conducted immediately post-RFA. Each patient received a standard dose of sorafenib (400 mg, once daily, orally). If drug-related adverse events occurred, therapy was interrupted or dose reduced (200 mg once daily, orally). Symptomatic treatment was provided to patients who experienced adverse reactions to the medication. Whenever a grade 3 adverse event occurred, treatment interruption was recommended. It is also recommended to discontinue sorafenib treatment when tumor recurrence is observed in the patient.





Follow-up assessments

Each patient was examined at baseline and their medical histories were recorded. Child-Pugh class, ECOG performance status, alpha fetal protein (AFP) levels, and routine laboratory tests were conducted. CT and MR imaging were used to assess tumors. Patients in the RFA+Sor group were recorded as to their sorafenib medication status. One month after RFA, all patients underwent abdominal contrast-enhanced CT or MR imaging, as well as routine laboratory testing. Every three months, the treatment response was assessed. After two to five years after RFA, routine examinations were extended to every four months, and after five years to every six months. The MR and CT images were evaluated independently by two authors with more than ten years of experience in a blinded manner.

When CT was unable to confirm the presence of a residual tumor, MR imaging was performed. All CT examinations, including plain and contrast-enhanced exams, were conducted using a multi-detector row CT scanner (GE Medical Systems, Milwaukee, WI, USA) for the sequential acquisition of 8-mm thick sections at 120 kV and 300 mA. At a flow rate of 3.0-4.5 mL/s, patients were administered intravenous non-ionic contrast agents (iopromide injection; iodine concentration 1.5-2 mL/kg, 300-350 mg I/mL; Bayer Pharma, Berlin, Germany). Following the injection of contrast agents, arterial phase, venous phase, and delayed phase scans were obtained after 30, 60, and 120 seconds.

A 1.5-T MR unit (GE Medical Systems, Milwaukee, WI, USA) was used to perform MR imaging with a 16-channel phased-array body coil. Non-enhanced T1-weighted gradient-echo (TR/TE: 210/2.3 ms; 80°flip angle; 256 × 134 matrix; number of excitations = 1; 8-mm thick section with 1-mm spacing) and respiratory-triggered T2-weighted fast spin-echo (TR/TE: 1900/64 ms; 128 × 128 matrix; number of excitations = 1; 8-mm thick section with 1-mm spacing) pulse sequences were obtained. A pre-saturation band was applied above and below the scanning field to eliminate the influence of lung gas, heartbeats, intestinal gas, and gastrointestinal peristalsis on the imagey. Artifacts related to chemical shift were eliminated using fat-suppression techniques. The images were acquired during two breath-holds. The same technical parameters were used for the dynamic enhanced scans following plain scanning. The dynamic contrast-enhanced MRI examination was performed using gadobenate dimeglumine (0.15 mmol/kg, MultiHance; Bracco Sine, Shanghai, China) at a flow rate of 3 mL/s. Arterial phase, venous phase, equilibrium phase, and delayed phase scans were performed 20, 50, 90, and 600 seconds after injection of contrast agents.

The overall survival (OS) was defined as the period of time from the start of RFA treatment to the date of death or loss of follow-up. The recurrence-free survival (RFS) was defined as the period between the start of RFA treatment and the occurrence of a recurrence of the liver tumor, the progression of lymph node metastases, or the development of distant metastases. During hospitalization, all adverse events were evaluated and documented by telephone follow-up after discharge. CTCAE v5.0 was used to record and assess their performance.

Tumor progression in the treatment area after ablation was defined as tumor enhancement. A distant recurrence refers to the appearance of a new tumor in an untreated area of the liver or in an extrahepatic region (23). For local tumor progression or recurrence, treatment options included RFA, transcatheter arterial chemoembolization (TACE), chemotherapy, or conservative treatment, based on tumor status, routine laboratory tests, results of the multidisciplinary team’s discussion, and patient preference.





Statistical analysis

The statistical analyses were conducted using SPSS version 24.0 (International Business Machines Corp., USA) and GraphPad Prism version 8.0 (GraphPad, USA). The data are presented as counts (%) and means with standard deviations. Based on independent assessment, a subgroup analysis of OS was performed using Cox regression. Survival curves were generated using the Kaplan-Meier method, and the data were compared using the log-rank test with two-sided P-values. The baseline characteristics and safety profiles of the two treatment groups were compared using the Chi-squared test and the t-test. P < 0.05 was considered statistically significant.






Results




Baseline patient data

A total of 683 patients were reviewed, but only 164 were included in the study. One group received RFA treatment (n=87) and the other received sorafenib adjuvant treatment after RFA (RFA+Sor, n=77). As shown in Figure 1, the study process is summarized.




Figure 1 | Flowchart of the study profile.



The baseline characteristics of the two groups were balanced, and none of the compared characteristics showed significant differences between the two groups (P>0.05). As shown in Table 1, the baseline characteristics of the population are described. The mean ages of the RFA group and the RFA+Sor group were 56.6 ± 8.6 and 56.1 ± 9.6 years, respectively. In the RFA group, 68 patients (77.3%) were males, while in the RFA+Sor group, 59 patients (76.6%) were males. In both RFA and RFA+Sor groups, hepatitis B virus infection was the main cause of HCC. Most of the patients had a good physical condition, an ECOG performance status of zero, and a preserved liver function. After tumor recurrence, there was no statistically significant difference in the number of RFA sessions between the RFA and RFA+Sor groups.


Table 1 | Baseline characteristics of the study patients (n=165).







Survival and disease recurrence

The median OS in the RFA group was 35.0 months (95% CI: 29.99, 40.01) and 41.0 months (95% CI: 34.28, 47.72) in the RFA+Sor group (HR, 1.199; 95% CI: 0.866, 1.659, P=0.265) (Figure 2A).




Figure 2 | Kaplan-Meier curves show all participants’ OS and RFS. (A) median OS is 35.0 months (95% CI: 29.99, 40.01) in the RFA group and 41.0 months (95% CI: 34.28, 47.72) in the RFA+Sor group; (B) median RFS is 12.0 months (95% CI: 5.69, 18.31) in the RFA group and 15.0 months (95% CI: 7.03, 22.97) in the RFA+Sor group. HR=hazard ratio.



The median RFS for the RFA group was 17.0 months (95% CI: 15.17, 18.83) and 16.0 months (95% CI: 14.44, 17.56) for the RFA+Sor group (hazard ratio [HR], 0.845; 95% CI: 0.618, 1.156, P=0.267; Figure 2B). In Table 2, treatment methods for recurrent HCC following RFA are shown, and there was no statistically significant difference between the two groups.


Table 2 | Treatment for Recurrence.



For the RFA group, the 1-, 2-, and 3-year RFS rates were 74.7%, 29.9%, and 11.5%, respectively. The 1-, 2-, and 3-year OS for the RFA+Sor group were 72.7%, 19.5%, and 11.7%, respectively. There was no statistically significant difference between 1-, 2- and 3-year RFS (Figure 3). Representative images of tumor after RFA treatment are shown in Figures 4A, B.




Figure 3 | Bar graph shows the RFS of 1-year, 2-year and 3-year in RFA group are 74.7%, 29.9%, and 11.5% and the RFS of 1-year, 2-year and 3-year were 72.7%, 19.5%, and 11.7% in RFA+Sor group. ns, Not Significant.






Figure 4 | RFA treatment of HCC. (A) MRI shows a HCC lesion 4.9 cm in diameter; (B) MRI scanning at 12 months after RFA treatment shows that the ablated area had shrunk significantly.







Subgroups analysis

Cox regression analysis was used to analyze the information of 164 patients with HCC (Figure 5). A statistically significant difference was not observed among the subgroups defined by baseline stratification factors, including gender, age, family history of HCC, history of alcohol abuse, Eastern Cooperative Oncology Group performance status, number of tumors, and tumor marker. The difference in RFS between the RFA group and the RFA+Sor group was not statistically significant (P>0.05) for all subgroups.




Figure 5 | Subgroup analysis of RFS by Cox regression based on independent assessment. RFS, recurrence-free survival; HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group; AFP, alpha fetal protein; CEA, carcino-embryonic antigen; CA, cancer antigen.







Medication status of sorafenib

The median duration of sorafenib treatment in the RFA+SOR group was 10.0 months (95% CI: 9.22-10.78). In total, 77.92% (60/77) of patients receiving sorafenib required a dose reduction, and 85.71% (66/70) required its discontinuation (Table 3).


Table 3 | Sorafenib exposure.



In terms of reasons for discontinuation, disease recurrence was the most common reason (81.82% [54/66] patients); 15.15% (10/66) of patients discontinued sorafenib due to adverse events; and 3.03% (2/66) of patients died (Table 4).


Table 4 | Reasons for discontinuation.







Safety analysis

We analyzed the safety data of 164 patients (Table 5). There were no treatment-related deaths in our study, and all complications were grade III. A majority of the adverse events related to RFA were diarrhea (RFA group, 16/87 [18.4%] vs. RFA+Sor group, 23/77 [29.9%], P=0.078), vomiting (RFA group, 19/87 [21.8%] vs. RFA+Sor group, 18/77 [23.4%], P=0.930), abdominal pain (RFA group, 23/87 [26.4%] vs. RFA+Sor group, 20/77 [18.2%]), fatigue (RFA group, 18/87 [20.7%] vs. RFA+Sor group, 14/77 [18.2%], P=0.863), and hypertension (RFA group, 22/87 [25.3%] vs. RFA+Sor group, 17/77 [22.1%], P=0.797). In the RFA+Sor group, 15/77 (19.5%) patients developed skin rashes, while in the RFA alone group, none of the patients developed skin rashes.


Table 5 | Common toxic effects encountered after treatment.








Discussion

A retrospective study of sorafenib as an adjuvant treatment after RFA for early HCC found no difference in OS or RFS between the two groups. Thus, this study did not demonstrate that sorafenib is an excellent adjuvant treatment in these patients.

A major reason for treatment failure after radical treatments such as liver resection and local ablation is the high rate of recurrence in patients with HCC. Several studies have reported 5-year recurrence rates and median survival rates for early HCC patients of 50-70% and 30-70 months, respectively (5–9, 24–28). It is urgently necessary to use adjuvant treatment in order to prevent the recurrence of HCC and prolong survival.

In our retrospective study, we found that the OS and RFS of patients treated with sorafenib as adjuvant treatment following RFA were similar to those treated with RFA; Likewise, comparing the RFA group to the RFA+Sor group, sorafenib as an adjuvant treatment did not demonstrate any advantages in any subgroups. The potential reasons for the ineffectiveness of sorafenib as adjuvant therapy after RFA are as follows: First, sorafenib has primarily demonstrated efficacy in the palliative treatment of HCC and is not the first choice for adjuvant therapy. Additionally, sorafenib is a relatively weak antitumor drug with only marginal benefits. Therefore, its mechanisms of inhibiting tumor angiogenesis and cell proliferation may be insufficient to prevent minimal residual disease from progressing to recurrence after local treatments like RFA. With advances in oncology, more promising agents have emerged, and sorafenib is no longer the preferred drug. Agents such as lenvatinib and regorafenib may serve as alternative options for adjuvant therapy following RFA.

Unfortunately, 85.71% of patients had to discontinue using sorafenib for a variety of reasons due to disease recurrence (81.82%). The multiple mechanisms of drug resistance of sorafenib, which could be mediated by a variety of signaling pathways (29, 30), lead to tumor recurrence, which makes it difficult for physicians and patients to accept the continued use of sorafenib. Adjuvant sorafenib treatment after RFA also increases the financial burden on patients. As a result of sorafenib resistance, we will need to explore the selection of TKIs in the future.

There were no treatment-related deaths in this study. It has been demonstrated in previous studies that sorafenib alone and TACE plus sorafenib are safe and effective in the treatment of advanced HCC (18, 31, 32). According to our study, skin rashes and diarrhea were the most common adverse reactions, which is similar to the findings of Llovet et al. (18). In the RFA+Sor group, there was a higher incidence of skin rashes and diarrhea than in the RFA group, and the main cause was oral sorafenib. Our study, however, reported a lower incidence of HCC than previous studies (33, 34), since the patients in this study had early HCC and their physical condition was better than that of patients with advanced HCC. In addition, the median duration of sorafenib treatment was shorter than in previous studies, and 85.71 percent of patients had their dose interrupted. According to this study, physicians and patients have difficulty accepting complications, and patients prefer surgical procedures, including liver resections or local ablations, over oral medications. Other adverse effects, such as vomiting, abdominal pain, and hypertension, are common, and this study’s findings are similar to those of previous studies (25, 35).

There are some limitations to this study. In this retrospective study, it was not possible to predict whether the patients would take sorafenib or not. Several clinical factors, including the number of tumors and the differentiation of tumor cells, as well as the economic situation may influence the use of sorafenib in these patients, making them different from others who received sorafenib treatment. Additionally, we carefully balanced some clinical characteristics of the patients, but confounding factors were inevitable in this study; other treatments, the size and number of tumors, and their combinations may influence the outcome to some extent. This issue will be addressed in a prospective study. The number of HCC patients who underwent other tumor marker examinations, such as carcinoembryonic antigen and cancer antigen 19-9, was limited, in addition to the AFP level. Therefore, it may be difficult to identify significant differences between these subgroups. In the future, a prospective study will be initiated, and all patients receiving adjuvant sorafenib treatment will undergo a complete laboratory examination.

As a result, we conclude that tumor recurrence rates among patients treated with RFA+Sor were not higher than those treated with only RFA. Therefore, RFA+Sor is not considered to be an effective treatment for patients with HCC. It will be necessary to conduct prospective randomized controlled trials in the future in order to confirm these findings.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Fifth Medical Center of Chinese PLA General Hospital (KY-2021-11-23-1). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

WJ: Visualization, Writing – original draft, Writing – review & editing. LR: Writing – review & editing. WZ: Investigation, Methodology, Writing – original draft. SZ: Methodology, Resources, Writing – original draft. YX: Investigation, Writing – original draft. DM: Conceptualization, Funding acquisition, Writing – review & editing. XH: Conceptualization, Funding acquisition, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by grants from Chinese Medicine Education Association (NO., 2022KTZ019), Science Foundation of AMHT (NO., 2022YK11, 2022YK27), National Natural Science Foundation of China (No., 81971720) and Beijing Science and Technology Planning Project (No. Z201100005520059).





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

AFP, alpha fetal protein; CT, Computed tomography; ECOG, Eastern Cooperative Oncology Group; HCC, Hepatocellular carcinoma; MR, Magnetic resonance; OS, Overall survival; RFA, Radiofrequency ablation; RFS, Recurrence-free survival; TACE, transcatheter arterial chemoembolization.




References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.21492

2. Zhou, M, Wang, H, Zeng, X, Yin, P, Zhu, J, Chen, W, et al. Mortality, morbidity, and risk factors in China and its provinces, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. (2019) 394:1145–58. doi: 10.1016/S0140-6736(19)30427-1

3. Bruix, J, and Sherman, M. Management of hepatocellular carcinoma: an update. Hepatology. (2011) 53:1020–2. doi: 10.1002/hep.24199

4. European Association For The Study Of The Liver. EASL-EORTC clinical practice guidelines: management of hepatocellular carcinoma. J Hepatol. (2012) 56:908–43. doi: 10.1016/j.jhep.2011.12.001

5. Hasegawa, K, Kokudo, N, Makuuchi, M, Izumi, N, Ichida, T, Kudo, M, et al. Comparison of resection and ablation for hepatocellular carcinoma: a cohort study based on a Japanese nationwide survey. J Hepatol. (2013) 58:724–9. doi: 10.1016/j.jhep.2012.11.009

6. Mazzaferro, V, Lencioni, R, and Majno, P. Early hepatocellular carcinoma on the procrustean bed of ablation, resection, and transplantation. Semin Liver Dis. (2014) 34:415–26. doi: 10.1055/s-0034-1394365

7. Lu, L-C, Cheng, A-L, and Poon, RTP. Recent advances in the prevention of hepatocellular carcinoma recurrence. Semin Liver Dis. (2014) 34:427–34. doi: 10.1055/s-0034-1394141

8. Bruix, J, Han, K-H, Gores, G, Llovet, JM, and Mazzaferro, V. Liver cancer: Approaching a personalized care. J Hepatol. (2015) 62:S144–S56. doi: 10.1016/j.jhep.2015.02.007

9. Bruix, J, Gores, GJ, and Mazzaferro, V. Hepatocellular carcinoma: clinical frontiers and perspectives. Gut. (2014) 63:844–55. doi: 10.1136/gutjnl-2013-306627

10. Vogel, A, Cervantes, A, Chau, I, Daniele, B, Llovet, JM, Meyer, T, et al. Hepatocellular carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. (2018) 29:iv238–iv55. doi: 10.1093/annonc/mdy308

11. Omata, M, Lesmana, LA, Tateishi, R, Chen, P-J, Lin, S-M, Yoshida, H, et al. Asian Pacific Association for the Study of the Liver consensus recommendations on hepatocellular carcinoma. Hepatol Int. (2010) 4:439–74. doi: 10.1007/s12072-010-9165-7

12. de Lope, CR, Tremosini, S, Forner, A, Reig, M, and Bruix, J. Management of HCC. J Hepatol. (2012) 56 Suppl 1:S75–87. doi: 10.1016/S0168-8278(12)60009-9

13. Xu, J, Li, J, Chen, J, and Liu, Z-J. Effect of adjuvant interferon therapy on hepatitis b/c virus-related hepatocellular carcinoma after curative therapy - meta-analysis. Adv Clin Exp medicine: Off Organ Wroclaw Med Univ. (2015) 24:331–40. doi: 10.17219/acem/29760

14. Chen, Q, Shu, C, Laurence, AD, Chen, Y, Peng, B-G, Zhen, Z-J, et al. Effect of Huaier granule on recurrence after curative resection of HCC: a multicentre, randomised clinical trial. Gut. (2018) 67:2006–16. doi: 10.1136/gutjnl-2018-315983

15. Zhang, W, Zhang, B, and Chen, X-P. Adjuvant treatment strategy after curative resection for hepatocellular carcinoma. Front Med. (2021) 15:155–69. doi: 10.1007/s11684-021-0848-3

16. Yoshida, H, Shiratori, Y, Kudo, M, Shiina, S, Mizuta, T, Kojiro, M, et al. Effect of vitamin K2 on the recurrence of hepatocellular carcinoma. Hepatology. (2011) 54:532–40. doi: 10.1002/hep.24430

17. Cheng, A-L, Kang, Y-K, Chen, Z, Tsao, C-J, Qin, S, Kim, JS, et al. Efficacy and safety of sorafenib in patients in the Asia-Pacific region with advanced hepatocellular carcinoma: a phase III randomised, double-blind, placebo-controlled trial. Lancet Oncol. (2009) 10:25–34. doi: 10.1016/S1470-2045(08)70285-7

18. Llovet, JM, Ricci, S, Mazzaferro, V, Hilgard, P, Gane, E, Blanc, J-F, et al. Sorafenib in advanced hepatocellular carcinoma. N Engl J Med. (2008) 359:378–90. doi: 10.1056/NEJMoa0708857

19. Wang, D-S, Yang, H, Liu, X-Y, Chen, Z-G, Wang, Y, Fong, WP, et al. Dynamic monitoring of circulating tumor DNA to predict prognosis and efficacy of adjuvant chemotherapy after resection of colorectal liver metastases. Theranostics. (2021) 11:7018–28. doi: 10.7150/thno.59644

20. Wilhelm, SM, Carter, C, Tang, L, Wilkie, D, McNabola, A, Rong, H, et al. BAY 43-9006 exhibits broad spectrum oral antitumor activity and targets the RAF/MEK/ERK pathway and receptor tyrosine kinases involved in tumor progression and angiogenesis. Cancer Res. (2004) 64:7099–109. doi: 10.1158/0008-5472.CAN-04-1443

21. Bruix, J, Takayama, T, Mazzaferro, V, Chau, G-Y, Yang, J, Kudo, M, et al. Adjuvant sorafenib for hepatocellular carcinoma after resection or ablation (STORM): a phase 3, randomised, double-blind, placebo-controlled trial. Lancet Oncol. (2015) 16:1344–54. doi: 10.1016/S1470-2045(15)00198-9

22. Chen, M-H, Yang, W, Yan, K, Zou, M-W, Solbiati, L, Liu, J-B, et al. Large liver tumors: protocol for radiofrequency ablation and its clinical application in 110 patients–mathematic model, overlapping mode, and electrode placement process. Radiology. (2004) 232:260–71. doi: 10.1148/radiol.2321030821

23. Goldberg, SN, Grassi, CJ, Cardella, JF, Charboneau, JW, Dodd, GD, Dupuy, DE, et al. Image-guided tumor ablation: standardization of terminology and reporting criteria. Radiology. (2005) 235:728–39. doi: 10.1148/radiol.2353042205

24. Ryu, T, Takami, Y, Wada, Y, and Saitsu, H. Operative microwave ablation for hepatocellular carcinoma within 3 cm and 3 nodules: experience in 559 patients. J gastrointestinal surgery: Off J Soc Surg Alimentary Tract. (2021) 26:615–22. doi: 10.1007/s11605-021-05166-z

25. Lee, Y-H, Hsu, C-Y, Chu, C-W, Liu, P-H, Hsia, C-Y, Huang, Y-H, et al. Radiofrequency ablation is better than surgical resection in patients with hepatocellular carcinoma within the Milan criteria and preserved liver function: a retrospective study using propensity score analyses. J Clin Gastroenterol. (2015) 49:242–9. doi: 10.1097/MCG.0000000000000133

26. Chua, DW, Koh, Y-X, Syn, NL, Chuan, TY, Yao, TJ, Lee, S-Y, et al. Repeat hepatectomy versus radiofrequency ablation in management of recurrent hepatocellular carcinoma: an average treatment effect analysis. Ann Surg Oncol. (2021) 28:7731–40. doi: 10.1245/s10434-021-09948-2

27. Wang, Z, Yu, X-L, Zhang, J, Cheng, Z-G, Han, Z-Y, Liu, F-Y, et al. Huaier granule prevents the recurrence of early-stage hepatocellular carcinoma after thermal ablation: A cohort study. J Ethnopharmacol. (2021) 281:114539. doi: 10.1016/j.jep.2021.114539

28. Tohme, S, Geller, DA, Cardinal, JS, Chen, H-W, Packiam, V, Reddy, S, et al. Radiofrequency ablation compared to resection in early-stage hepatocellular carcinoma. HPB. (2013) 15:210–7. doi: 10.1111/j.1477-2574.2012.00541.x

29. Xu, J, Ji, L, Liang, Y, Wan, Z, Zheng, W, Song, X, et al. CircRNA-SORE mediates sorafenib resistance in hepatocellular carcinoma by stabilizing YBX1. Signal transduction targeted Ther. (2020) 5:298. doi: 10.1038/s41392-020-00375-5

30. Xia, S, Pan, Y, Liang, Y, Xu, J, and Cai, X. The microenvironmental and metabolic aspects of sorafenib resistance in hepatocellular carcinoma. EBioMedicine. (2020) 51:102610. doi: 10.1016/j.ebiom.2019.102610

31. Faivre, S, Rimassa, L, and Finn, RS. Molecular therapies for HCC: Looking outside the box. J Hepatol. (2020) 72:342–52. doi: 10.1016/j.jhep.2019.09.010

32. Kudo, M, Ueshima, K, Ikeda, M, Torimura, T, Tanabe, N, Aikata, H, et al. Randomised, multicentre prospective trial of transarterial chemoembolisation (TACE) plus sorafenib as compared with TACE alone in patients with hepatocellular carcinoma: TACTICS trial. Gut. (2020) 69:1492–501. doi: 10.1136/gutjnl-2019-318934

33. Bruix, J, Raoul, J-L, Sherman, M, Mazzaferro, V, Bolondi, L, Craxi, A, et al. Efficacy and safety of sorafenib in patients with advanced hepatocellular carcinoma: subanalyses of a phase III trial. J Hepatol. (2012) 57:821–9. doi: 10.1016/j.jhep.2012.06.014

34. Liu, K-C, Hao, Y-H, Lv, W-F, Jia, W-D, Ji, C-S, Zhou, C-Z, et al. Transarterial chemoembolization combined with sorafenib in patients with BCLC stage C hepatocellular carcinoma. Drug design. Dev Ther. (2020) 14:3461–8. doi: 10.2147/DDDT.S248850

35. Fang, Y, Chen, W, Liang, X, Li, D, Lou, H, Chen, R, et al. Comparison of long-term effectiveness and complications of radiofrequency ablation with hepatectomy for small hepatocellular carcinoma. J Gastroenterol Hepatol. (2014) 29:193–200. doi: 10.1111/jgh.12441




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 © 2024 Junxiao, Rui, Zhenyu, Zejie, Xiang, Mingchao and Hui. 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-14-1383312-g001.jpg
Assessed for eligibility (n=683)

Excluded (n=518)
8 exclusion criteria

RFA+Sor (n=77) RFA (n=87)

Radiographic Assessment Recording adverse effects and complication Blood Tests

Recording OS, RFS and safety

Data analysis





OEBPS/Images/fonc-14-1383312-g004.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Adjuvant sorafenib for hepatocellular carcinoma after radiofrequency ablation versus radiofrequency ablation: analysis of its efficacy and safety

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients

          



          		

            Clinical data collection

          



          		

            Anesthesia method

          



          		

            Treatment procedures

          



          		

            Follow-up assessments

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline patient data

          



          		

            Survival and disease recurrence

          



          		

            Subgroups analysis

          



          		

            Medication status of sorafenib

          



          		

            Safety analysis

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Treatment

RF ablation 36(52.2) 31(48.4) 0.667
TACE 47(68.1) 35(54.7) 0.112
Systemic 0(0) 0(0)
chemotherapy
Conservative
6(8.7) 7(10.9) 0.664
treatment

Data were presented as count and percentage.
Data are numbers of recurrence patients.






OEBPS/Images/table4.jpg
Disease
recurrence

Treatment

RF ablation

+Sor (n=66) 54 (81.82) 10 (15.15) 2(3.03)

Data were presented as count and percentage.





OEBPS/Images/fonc-14-1383312-g005.jpg
RFA+Sor RFA HR (95% CI)
n Median RFS n Median RFS

(months) (months)
All patients 77 16 87 17
Gender (male) 59 16 68 17 0.859 (0.600-1.230)
Gender (female) 18 16 20 18 0.751 (0.387-1.458)
Age <55 35 18 37 16 0.994 (0.630-1.567)
Age > 55 42 15 51 18 0.716 (0.463-1.107)
Family history of HCC (Yes) 29 18 10 8 1.584 (0.763-3.289)
Family history of HCC (No) 48 16 78 18 0.810 (0.513-1.370)
History of alcohol (Yes) 28 16 41 16 0.838 (0.472-1.263)
History of alcohol (No) 49 16 47 18 0.834 (0.554-1.258)
ECOG (0) 50 16 61 17 0.876 (0.589-1.301)
ECOG (1) 27 17 27 18 0.756 (0.411-1.162)
Largest tumour size <3 c¢cm 55 16 72 18 0.776 (0.540-1.115)
Largest tumour size >3 cm 22 16 16 16 1.143 (0.587-2.227)
No. of tumours (1) 27 19 45 19 0.786 (0.478-1.293)
No. of tumours (2-3) 50 15 43 16 0.970 (0.639-1.472)
AFP level <10 ng/ml 20 17 37 17 0.795 (0.454-1.392)
AFP level >10 ng/ml 35 15 26 12 1.339 (0.793-2.262)
CEA level <4.7 ng/ml 23 16 33 16 0.901 (0.521-1.559)
CEA level > 4.7 ng/ml 11 15 11 7 1.417 (0.586-3.427)
CA19-9 leve <39 U/ml 27 15 33 17 0.753 (0.448-1.266)
CA19-9 level > 39 U/ml 7 17 11 12 1.572 (0.518-4.771)

02 06 10 14 18 22 26 30 34 38 42 46

— —
Favours RFA Favours RFA+Sor





OEBPS/Images/table3.jpg
Duration of

Treatment treatment DOS? . Dose .
reduction interruption
(months)
RF ablation 10 (9.22-10.78) 60 (77.92) 66 (85.71)
+Sor (n=77) : .

Data were presented as count and percentage.





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-14-1383312-g003.jpg
Percentage of patients (%)

x©
jen]

D
(=)

I
(e}

[\
()

)

ns
s

ns

RFA+Sor (n=77) RFA (n=87)

mmm RFS rates at 1-year
== REFS rates at 2-year

=3 RFS rates at 3-year





OEBPS/Images/fonc-14-1383312-g002.jpg
100

--t-. RFA (n=77) o

—— RFA+Sor (n=87)

R --t-- RFA (n=77)

80 80 K — RFA+Sor (n=87)

60 60

40 40

20 20

Overall survival (proportion)
Recurrence-free survival (proportion)

0 HR 1.199 (95% CI 0.866-1.659); P=0.265 0
0 20 40 60 80 100 0 20 40 60 80 100
a Time after treatment (months) b Time after treatment (months)
Nur.nbcr Number
at risk at risk
RF ablation 87 64 38 15 6 4 R ablation 87 29 9 3 1 1

RF ablation+Sor 77 61 38 14 5 0 RF ablation+Sor 77 17 6 1 0 0





OEBPS/Images/fonc.2024.1383312_cover.jpg
& frontiers | Frontiers in Oncology

Adjuvant sorafenib for hepatocellular
carcinoma after radiofrequency ablation
versus radiofrequency ablation: analysis of
its efficacy and safety





OEBPS/Images/table1.jpg
Parameter RFA+Sor  RFA

(n=77) (n=87)
Age 56.1+9.6 56.6+8.6 0.693
Sex 0.921
M 59(76.6) 68(77.3)
F 18(23.4) 20(22.7)
ECOG performance status 0.549
0 50(64.9) 61(69.3)
1 27(35.1) 27(30.7)
No. of tumours 0.070
1 27(35.1) 45(51.1)
2 11(14.3) 6(6.8)
3 39(50.6) 37(42.1)
Tumor size 0.114
<3cm 55(71.4) 72(81.8)
3.1-5.0 cm 22(28.6) 16(18.2)
BCLC stage 0.298
A 38(49.4) 50(57.5)
B 39(50.6) 37(42.5)
Hepatitis B surface antigen 0.152
Positive 61(79.2) 77(87.5)
Negative 16(20.8) 11(12.5)
AFP level (ng/ml) 325.9+933.7 325.8+1418.5 1.000
Serum albumin level (g/L) 36.8+5.7 36.8+5.4 0.876
Serum alanine 37.2+35.6 38.9+30.6 0.759
aminotransferase level (U/L)
Serum glutamic 51.1+47.4 43.6+31.1 0.235
aminotransferase levels
(U/L)
Total bilirubin level 18.0+10.4 2124331 0.435
(umol/L)
RFA sessions 0.415
<1 17(22.1) 15(17.0)
>2 60(77.9) 73(83.0)

Data were presented as count and percentage.
ECOG, Eastern Cooperative Oncology Group.






OEBPS/Images/table5.jpg
Toxic Effect RFA+Sor (n=7 FA (n P-Value Grade
Skin rashes 15 (19.5) 0 (0) 0.001 I-11
Diarrhea 23 (29.9) 16 (18.2) 0078 811
Vomiting 18 (23.4) 19 (21.6) 0930 I
Abdominal Pain 20 (26.0) 23 (26.1) 0.981 813
Fatigue 14 (18.2) 18 (20.5) 0.863 111
Hypertension 17 22.1) 22 (25.0) 0797 81

Death 0(0) 0(0) I-1T

Data were presented as count and percentage.
The description was based on 164 patients records.





