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Abstract
AIM: To identify factors that influence long-term liver function following radiofrequency ablation (RFA) in patients with viral hepatitis-related hepatocellular carcinoma. 

METHODS: A total of 123 patients with hepatitis B virus- or hepatitis C virus-related hepatocellular car-cinoma (HCC) (n = 12 and n = 111, respectively) were enrolled. Cumulative rates of worsening Child-Pugh (CP) scores (defined as a 2-point increase) were examined. 

RESULTS: CP score worsening was confirmed in 22 patients over a mean follow-up period of 43.8 ± 26.3 mo. Multivariate analysis identified CP class, platelet count, and aspartate aminotransferase levels as signi-ficant predictors of a worsening CP score (P = 0.000, P = 0.011 and P = 0.024, respectively). In contrast, repeated RFA was not identified as a risk factor for liver function deterioration. 

CONCLUSION: Long-term liver function following RFA was dependent on liver functional reserve, the degree of fibrosis present, and the activity of the hepatitis condition for this cohort. Therefore, in order to maintain liver function for an extended period following RFA, suppression of viral hepatitis activity is important even after the treatment of HCC.
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Core tip: This study was conducted to identify risk factors for liver function deterioration following radio-frequency ablation (RFA) in patients with hepatocellular carcinoma (HCC) and viral hepatitis. A total of 123 patients with hepatitis B virus- or hepatitis C virus-related HCC were enrolled. Cumulative rates of wor-sening Child-Pugh (CP) scores (defined as a 2-point increase) following RFA were examined. CP class, platelet count, and aspartate aminotransferase levels were identified as significant predictors of a worsening CP score. Suppression of viral hepatitis activity with anti-viral therapy is important even after the treatment of HCC in order to maintain liver function following RFA.
INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignant neoplasms worldwide[1] and most cases of HCC involve patients infected with hepatitis B virus (HBV) or hepatitis C virus (HCV)[2-4]. Radio-frequency ablation (RFA) is currently recognized as an effective local treatment for HCC[5,6] and has been shown to be a relatively low risk procedure[7-9]. However, deterioration of liver function has been observed during the long-term follow-up of these patients[10-12]. Therefore, the risk factors that contribute to deterioration of liver function need to be identified. Although a few reports have investigated changes in long-term liver function following RFA[10-12], long-term liver function in patients with viral hepatitis-related HCC is still uncertain. The goal of this study was to identify risk factors for liver function deterioration in patients with HCC and viral hepatitis.

MATERIALS AND METHODS
Patients

This retrospective cohort study was based on data obtained from a prospective database maintained by the Oita University and Oita Medical Center. Between January 2002 and December 2010, 479 patients underwent percutaneous RFA for HCC at these two institutions. This study was conducted according to the ethical guidelines of the 1975 Declaration of Helsinki and approved by the Ethics Committee of Oita University and Oita Medical Center.

A diagnosis of HCC was based on vascular findings obtained by dynamic computed tomography (CT) using early arterial uptake followed by washout in the porto-venous and equilibrium phase. For patients with an uncertain diagnosis, a fine-needle biopsy was perfor-med. Prior to RFA, patients with hyper vascular tumors underwent transarterial chemoembolization. All abla-tions were performed with a single needle electrode (COVIDIEN, Cool-tip RF Ablation System, Ireland). Furthermore, all RFA procedures were performed percu-taneously with ultrasound guidance, and diazepam and pentazocine were routinely administered prior to insertion of the electrode. If necessary, physiological saline was infused into the chest or abdominal cavity to induce artificial pleural effusion or ascites to avoid injury to adjacent organs, or to facilitate visualization of the tumor. Effects of RFA were confirmed by dynamic CT three days after treatment. If the ablated margin was insufficient, additional ablation was performed until a sufficient ablated margin was obtained. 

Inclusion criteria for patient selection in the present study included: (1) HCC occurring due to HBV- or HCV-related chronic liver disease; (2) first occurrence of HCC; (3) the presence of up to four nodules per patient, with each nodule having a diameter less than 5 cm; and (4) the presence of tumors only in the liver, with complete necrosis achieved by treatment with RFA. Of the 479 patients treated for HCC, 356 patients were excluded from this study due to: Non-B or non-C HCC (n = 77), recurrent HCC (n = 80), complete necrosis was not obtained (n = 4), advanced HCC (n = 33), simultaneous other malignancies (n = 8), nephrotic syndrome or advanced chronic kidney disease (n = 7), portal thrombus (n = 3), chronic debilitating disease (n = 1), poor food intake (n = 2), breakthrough hepatitis by resistant HBV (n = 2), treatment with warfarin (n = 3), received albumin around the same time as RFA treatment (n = 1), started interferon (IFN) therapy up to 1 year after RFA treatment (n = 17), uncontrollable progression of HCC up to 1 year after RFA treatment (n = 4), death due to other disease within 1 year (n = 2), documents not stored by the electronic system (n = 75), a follow-up period less than one year (n = 27), and treatment with a nucleoside analog within six months of RFA treatment (n = 10). The latter was included based on reports that significant improvement in liver function had been observed within six months of lamivudine treatment for decompensated cirrhotic HBV patients[13,14]. Although it was also reported that albumin levels increased during the first two years of IFN treatment for chronic hepatitis C patients with sustained virological response (SVR)[15], none of the patients in the current cohort met this criterion.

For the resulting 123 patients enrolled in this study, two groups were established in order to examine the influence of viral hepatitis activity. The first group included nine HBV patients who achieved complete remi-ssion of hepatitis (defined as a normal range of trans-aminase levels) by treatment with an oral nucleoside such as lamivudine, adefovir, or entecavir, two patients with non-active HBV, and four HCV patients who re-ceived IFN therapy and achieved a SVR. This group was referred to as the remission of viral hepatitis (RVH) group. The second group consisted of one HBV patient and 107 HCV patients with active hepatitis, and this group was referred to as the chronic active hepatitis (CAH) group. 

Follow-up periods

The starting point for observation was the first day that patients underwent RFA. Follow-up periods concluded when recurrent HCC(s) were no longer able to be con-trolled with RFA. In addition, follow-up periods were ended when liver function was found to be deteriorating due to another disease, when treatment with IFN was initiated, when treatment with a nucleoside analog was initiated, when recurrent tumors were treated by surgery, or when a thrombus formed in the portal vein. During the follow-up period, abdominal CT or ultrasonography was performed every four months and blood assays were performed monthly.

Statistical analysis

All quantitative variables are presented as the mean ± SD. The endpoint used was a 2-point increase in Child-Pugh (CP) scoring. The cumulative rate of worsening CP scores (defined as a 2-point increase) was also cal-culated, and cumulative proportion curves were gene-rated using the Kaplan-Meier method. Independent factors that influenced a worsening CP score were identified by univariate and multivariate analysis using Cox’s proportional hazards model. A P-value less than 0.05 was considered statistically significant. All statistical analyses were performed using the IBM SPSS Statistics version 20.0 for Windows. 

RESULTS
Patient profiles

A total of 123 patients (71 males, 52 females) with HBV infection (n = 12) or HCV infection (n = 111) were enrolled in this study. Additional characteristics of this cohort are provided in Table 1. Of the HBV patients, 9/12 were treated with nucleoside analogs [lamivudine (n = 1), lamivudine plus adefovir dipivoxil (n = 4), and entecavir (n = 4)] at least six months prior to RFA therapy. There were also two patients with non-active HBV carriers, and one HBV patient had an active case of hepatitis at the time of RFA. Of the HCV patients, 4/111 achieved a post-SVR state with IFN therapy. The CP class A group consisted of 102 patients which included: An active HBV carrier (n = 1), inactive HBV carriers that did not receive nucleoside analog treatment (n = 2), inactive HBV carriers that received nucleoside analog treatment (n = 8), patients with active hepatitis C (n = 87), and SVR patients with hepatitis C (n = 4). The CP class B group included an inactive HBV carrier who received nucleoside analog treatment (n = 1), and active hepatitis C patients (n = 20). During the follow-up period, the frequency of RFA treatment for recurrent tumors included a single treatment (n = 32), two treatments (n = 23), three treatments (n = 9), four treatments (n = 5), five treatments (n = 3), and six treatments (n = 2). There were 49 patients that did not receive any RFA treatment. 

Liver function after RFA treatment
The follow-up period was ended for patients of this cohort due to: Loss of local control of tumor progression with RFA (n = 21), death or worsening of liver function due to another disease or accident (n = 7), induction of IFN therapy for HCV infection (n = 5), surgical treatment for recurrent tumors (n = 1), emergence of a portal thrombus (n = 1), and administration of a nucleoside analog for HBV infection (n = 1). In the latter case, a patient with HBV was enrolled in the CAH group since he initially refused treatment with entecavir. However, 12 mo later he consented to receive entecavir as a treatment, and consequently, the follow-up period for this case ended after 12 mo. 

A worsening CP score was confirmed for 22 patients during a mean follow-up period of 43.8 ± 26.3 mo. Moreover, the 1-, 2-, 3-, 5- and 7-year cumulative rates for worsening CP scores calculated according to the Kaplan-Meier method were 2.4%, 6.9%, 10.0%, 19.3% and 33.2%, respectively (Figure 1). The variables listed in Table 1, as well as the frequency of RFA for recurrent HCC, were selected as factors for analysis using Cox’s proportional hazards model. In contrast, the type of infection (HBV or HCV), and the presence of an active hepatitis condition (RVH or CAH), were excluded from this analysis, since none of the patients in HBV or RVH group exhibited at least a two point increase in CP scores during the follow-up period. Risk factors that were found to contribute to worsening CP scores following RFA are listed in Tables 2 and 3. In a univariate analysis performed, CP class, total bilirubin, albumin, prothrombin time, platelet count, levels of as-partate aminotransferase (AST), and levels of alanine aminotransferase were found to be associated with a worsening CP score (Table 2). Accordingly, these factors were selected for multivariate analysis. Frequency of RFA treatments for recurrent HCC was not found to be associated with deterioration of long-term liver function. Since total CP class, bilirubin, albumin, and prothrombin time are factors that indicate liver function, CP class was selected as a factor representative of these variables. In the multivariate analysis performed, CP class, platelet count, and AST were identified as significant predictors of a worsening CP score (Table 3) (P = 0.000, P = 0.011 and P = 0.024, respectively). Cumulative rates of worsening CP scores were generated using the Kaplan-Meier method and are shown in Figure 2. 

Subpopulational analyses were also performed with respect to HBV, HCV, RVH and CAH. For the HBV group (n = 12, mean follow-up period: 64.0 ± 28.7 mo, CP class A (n = 11), CP class B (n = 1), CAH (n = 1), RVH (n = 11), platelet count: (10.4 ± 4.3) × 104/L, AST: 26.3 ± 5.4 IU/L, frequency of RFA treatment after initial treatment (0/1/2/3 times): 4/6/1/1 patients, res-pectively), none of the patients exhibited deterioration of long-term liver function. 

For the HCV group [n = 111, mean follow-up period: 41.6 ± 25.2 mo, CP class A (n = 91), CP class B (n = 20), CAH (n = 107), RVH (n = 4), platelet count: (11.1 ± 5.1) × 104/L, AST: 61.6 ± 31.9 IU/L, frequency of RFA treatment after initial treatment (0/1/2/3/4/5/6 times): 45/26/22/8/5/3/2 patients, respectively], CP class and platelet count were both identified as signi-ficant predictors of worsening CP scores in the multi-variate analysis performed (P = 0.000 and P = 0.009, respectively) (Table 4). None of the patients in the SVR group (n = 4) exhibited worsening of CP scores.

For the RVH group [n = 15, mean follow-up period: 65.4 ± 28.0 mo, HBV (n = 11), HCV (n = 4), CP class A (n = 14), CP class B (n = 1), platelet count: (11.7 ± 5.1) × 104/L, AST: 25.7 ± 5.1 IU/L, frequency of RFA treatment after initial treatment (0/1/2/3 times): 8/6/0/1 patients, respectively], none of the patients exhibited worsening CP scores.

For the CAH group [n = 108, mean follow-up period: 40.8 ± 24.7 mo, HBV (n = 1), HCV (n = 107), CP class A (n = 88), CP class B (n = 20), platelet count: (11.0 ± 5.0) × 104/L, AST: 62.7 ± 31.6, frequency of RFA treatment after initial treatment (0/1/2/3/4/5/6 times): 41/26/23/8/5/3/2 patients, respectively], CP class B and patients with a platelet count < 10 × 104/L were associated with CP worsening (P = 0.000 and P = 0.010, respectively). 

DISCUSSION
Treatment of HCC generally involves a surgical approach and/or a non-surgical approach. In the latter case, transarterial embolization, radiation therapy, chemo-therapy, and local puncture therapy are the main options available. While percutaneous ethanol injection therapy[16] is a type of local puncture therapy that has been performed since the 1980s, local ablative therapy such as microwave coagulation therapy[17] and RFA therapy were subsequently developed. Currently, RFA is the main form of local puncture therapy administered due to its ability to provide local control of HCC. The less invasive approach of RFA also represents a key advantage of RFA over surgical resection. However, since the recurrence rate of HCC following radical treatment is generally high, repeated RFA treatments are often needed. There have been reports that the application of repeated RFA for the treatment of recurrent tumors can increase the chances of long-term survival[8,9,18].

A few reports have referred to the influence of RFA on liver function. For example, Koda et al[10] reported that liver function in patients with low pre-treatment CP scores transiently deteriorated within the first month of observation, while patients with high pre-treatment CP scores exhibited a greater extent of deterioration over a longer term of observation, approximately 6 mo. In a study by Kuroda et al[11], changes in liver function were monitored one year after RFA, and it was observed that a CP score of 9 or higher represented a major risk factor for aggravation of liver function following RFA. Furthermore, in another report by Yokoyama et al[12], the influence of RFA treatments on long-term liver function was investigated. Approximately 15% of CP class A or CP class B patients were observed to progress to CP class C five years after RFA treatment. However, the factors that influence on long-term liver function in patients with viral hepatitis-related HCC following RFA is still uncertain. There are various factors that may contribute to changes in liver function. Since tumor progression is an obvious factor that aggravates the liver function of HCC patients, the current analyses were performed with patients where tumor progression could be excluded. Based on the analyses performed, CP class B patients, patients with a platelet count < 10 × 104/L, and patients with AST levels ≥ 40 IU/L, were found to be significantly associated with a worsening of liver function after RFA. These results suggest that worsening of long-term liver function after RFA is dependent on liver function, the degree of fibrosis present, and the activity of a patient’s hepatitis condition. However, repeated RFA was not found to be a factor that aggravates long-term liver function. 

None of the RVH patients exhibited CP worsening, thereby suggesting that liver function can be maintained in RVH patients if HCC is controlled. This result also suggests that short-term functional damage of the liver that is caused by RFA does not influence long-term liver function. However, since almost all of the RVH patients in the present study belonged to the CP class A group, additional studies are needed to clarify whether long-term liver function is affected following RFA for RVH patients with poor liver function. 

Nucleoside analogs such as lamivudine or entecavir are used to treat active cases of hepatitis B by inhibiting DNA synthesis with termination of the nascent proviral DNA chain. As a result, levels of both serum HBV-DNA and transaminase concentrations are rapidly reduced. When viral suppression is prolonged, this can result in histological improvement, including regression of fibrosis[19-22], and in patients with HBV-related HCC, liver function has improved[23-26]. For hepatitis C patients, IFN therapy has previously been the only treatment found to reduce levels of virus. For example, peginterferon plus ribavirin treatment has been a standard therapy for HCV infection until recently when telaprevir or sime-previr combined therapy was shown to improve the efficacy of IFN therapy[27,28]. However, since many cases of HCV-related HCC involved elderly patients, or a cirrhotic liver, there were many patients who could not receive radical treatment for HCV when HCC was detected. Other direct-acting antiviral agents have recently been investigated, and these have been found to increase SVR ratios[29,30]. Correspondingly, it is possible for HCC patients who are difficult to treat with IFN to be treated with IFN-free therapies. 

While liver resection and RFA are still the standard treatments for many HCC patients, the long-term effects of surgical resection vs RFA remain controversial[31-33]. Thus, when many patients of HCV-related HCC become able to be treated with IFN-free therapies, this issue may be re-evaluated. In addition, further studies are needed to evaluate treatment modalities with respect to coexisting hepatitis conditions. 

In conclusion, the results of the present study indicate that long-term liver function following RFA is dependent on functional reserve of the liver, the degree of fibrosis present, and hepatitis activity. Since viral eradication or suppression is currently the most effective method to improve these factors, anti-viral therapy is important even after the treatment of HCC.
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Figure Legends
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Figure 1  Cumulative rate of worsening Child-Pugh scores (defined as a 2-point increase) for all patients. The 1-, 2-, 3-, 5- and 7-year cumulative rates for worsening CP scores calculated according to the Kaplan-Meier method were 2.4%, 6.9%, 10.0%, 19.3% and 33.2%, respectively. CP: Child-Pugh.
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Figure 2  Comparison of cumulative rate of worsening Child-Pugh scores (defined as a 2-point increase) according to the Kaplan-Meier method. P-values were calculated using a log-rank test. Analysis according to: A: CP class: A (n = 102) and B (n = 21); B: Platelet count: < 10 × 104/L (n = 54) and ≥ 10 × 104/L (n = 69); C: AST levels: < 40 IU/L (n = 39) and ≥ 40 IU/L (n = 84). CP: Child-Pugh; AST: Aspartate aminotransferase.
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Table 1  Patient characteristics (n = 123) at the start of the follow-up period


Gender (male/female)


�
  71/52


�
�
Age (yr) 


�
 69.7 ± 8.0


�
�
Hepatitis (HBV/HCV)


�
12/111


�
�
CP score (5/6/7/8) 


�
79/22/15/7


�
�
CP class (A/B/C)


�
102/21/0


�
�
Size of tumor (mm) 


�
 20.6 ± 7.7


�
�
No. of tumor(s) (1/2/3/4) 


�
78/30/13/2


�
�
Total bilirubin (mg/dL)


�
 0.97 ± 0.4


�
�
Albumin (g/dL)


�
   3.7 ± 0.6


�
�
Prothrombin time (%)


�
90.5 ± 15


�
�
Platelet count (104/L)


�
 11.1 ± 5.0


�
�
AST (IU/L) 


�
   58.2 ± 32.1 


�
�
ALT (IU/L)


�
   53.0 ± 39.7


�
�
Hepatitis condition RVH group/CAH group


�
  13/110


�
�
Prior TACE with TACE/without TACE 


�
110/13


�
�
HBV: Hepatitis B virus; CP: Child-Pugh; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; RVH: Remission status of viral hepatitis; CAH: Chronic active hepatitis; HCV: Hepatitis C virus; TACE: Transarterial chemoembolization.








Table 2  Univariate analysis to identify risk factors that contributed to a worsening Child-Pugh scores following radiofrequency ablation treatment (n = 123)


Variable


�
HR


�
95%CI


�
P-value


�
�
Gender (female vs male)


�
1.93


�
0.83-4.47


�
0.128


�
�
Age (yr) (< 70 vs ≥ 70)


�
1.05


�
0.45-2.44


�
0.906


�
�
CP class (B vs A)


�
5.03


�
2.17-11.7


�
0.000


�
�
Size of tumor (mm) (≥ 20 vs < 20)


�
2.01


�
0.84-4.81


�
0.116


�
�
Number of tumors (≥ 2 vs 1)


�
1.47


�
0.62-3.47


�
0.379


�
�
Total bilirubin (mg/dL) (≥ 1.0 vs < 1.0)


�
3.48


�
1.35-8.99


�
0.010


�
�
Albumin (g/dL) (< 3.5 vs ≥ 3.5)


�
8.52


�
3.12-23.2


�
0.000


�
�
Prothrombin time (< 80% vs ≥ 80%)


�
2.66


�
1.14-6.23


�
0.024


�
�
Platelet count (104/L) (< 10 vs ≥ 10)


�
5.04


�
1.86-13.7


�
0.001


�
�
AST (IU/L) (≥ 40 vs < 40)


�
7.06


�
1.57-31.8


�
0.011


�
�
ALT (IU/L) (≥ 35 vs < 35)


�
4.01


�
1.32-12.2


�
0.015


�
�
Prior TACE vs no TACE 


�
1.05


�
0.24-4.48 


�
0.952


�
�
Frequency of RFA treatments for recurrent HCC (≥ 2 vs < 2)


�
1.51


�
0.64-3.53


�
0.344


�
�
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TACE: Transarterial chemoembolization; CP: Child-Pugh; RFA: Radiofrequency ablation; HCC: Hepatocellular carcinoma.





Table 3  Multivariate analysis to identify risk factors that contributed to a worsening Child-Pugh scores following radiofrequency ablation (n = 123)


Variable


�
HR


�
95%CI


�
P-value


�
�
CP class (B vs A)


�
5.07


�
2.13-12.1


�
0.000


�
�
Platelet count (104/L) (< 10 vs ≥ 10)


�
3.83


�
1.36-10.8


�
0.011


�
�
AST (IU/L) (≥ 40 vs < 40)


�
7.01


�
1.30-37.9


�
0.024


�
�
ALT (IU/L) (≥ 35 vs < 35)


�
1.21


�
0.35-4.19


�
0.761


�
�
A worsening Child-Pugh (CP) scores was defined as a 2 point increase. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.











Table 4  Multivariate analysis of risk factors that contributed to a worsening Child-Pugh scores following radiofrequency ablation for hepatitis C virus patients (n = 111)


Variable


�
HR


�
95%CI


�
P-value


�
�
CP class (B vs A)


�
4.90


�
2.05-11.7


�
0.000


�
�
Platelet count (104/L) (< 10 vs ≥ 10)


�
3.96


�
1.40-11.2


�
0.009


�
�
AST (IU/L) (≥ 40 vs < 40)


�
5.25


�
0.98-28.0


�
0.052


�
�
ALT (IU/L) (≥ 35 vs < 35)


�
1.11


�
0.33-3.73


�
0.865


�
�
A worsening Child-Pugh (CP) score was defined as a 2 point increase. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
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