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Abstract
AIM: To evaluate the clinical efficacy and safety of epirubicin, cisplatin, and 5-FU combination chemotherapy for the sorafenib-refractory metastatic hepatocellular carcinoma (HCC).

METHODS: From April 2009 to June 2012, 31 patients who were diagnosed with metastatic and progressive HCC after sorafenib treatment were retrospectively reviewed. Patients were treated with the combination of epirubicin (50 mg/m2 IV; day 1), cisplatin (60 mg/m2 IV; day 1), and 5-FU (1000 mg/m2 IV; day 1-3) [Epirubicin, cisplatin, 5-FU combination (ECF)], repeated every 4 wk. 

RESULTS: The overall response rate was 12.9%. Patients who responded to ECF chemotherapy showed a longer overall survival (OS) and time to progression (TTP) relative to those in the non-responder group (OS: 20.4 mo vs 4.9 mo, P < 0.001, TTP: 9.4 mo vs 2.2 mo, P < 0.001). Patients with a stable primary liver mass also exhibited a longer OS and TTP relative to those with progressive disease (OS: 13.4 mo vs 5.3 mo, P = 0.003; TTP: 9.4 mo vs 2.3 mo, P = 0.003). The most common hematologic toxicity was thrombocytopenia (87.2%), and the incidence of grade 3-4 neutropenia was 53.9%. Age older than 60, a stable primary mass, and a good response to chemotherapy were prognostic factors for OS and TTP. 

CONCLUSION: This combination cytotoxic chemotherapy can serve as another treatment option after sorafenib failure for the subset of patients with advanced metastatic HCC. 

© 2013 Baishideng. All rights reserved.
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Core tip: For advanced and metastatic hepatocellular carcinoma (HCC), sorafenib has been used as the standard systemic treatment. However, after failure to treat with sorafenib, no effective therapy is available. In the present study, we suggested that cytotoxic combination chemotherapy might be the another option for the treatment of progressive HCC. The patients with the age over 60 and a stable primary liver mass were benefit from the chemotherapy, leading to survival prolongation. Most clinical trials are currently focused on target agent because HCC is considered to be chemo-resistant cancer. Based on our data, new clinical trials using chemotherapy should be tried beyond sorafenib. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer globally and the fifth in Korea[1,2]. The incidence of HCC is higher in Asia, and it is often associated with chronic liver disease or chronic alcoholic hepatitis[3]. Although several surveillance programs are actively ongoing in Asian countries including Korea, many patients visit the clinic when they have already reached the intermediate to advanced stage of HCC. Based on the Barcelona-Clinical Liver Cancer (BCLC) staging system, the intermediate stage group can benefit from chemo-embolization or radiofrequency ablation[4]. For advanced metastatic HCC, systemic therapy is needed, but an effective cytotoxic chemotherapy regimen has not yet been identified[5]. Recently, sorafenib has been reported as a standard therapy because it produced a significant survival benefit comparing to placebo in two randomized trials[4, 6, 7]. Furthermore, no more effective target agent is currently available to treat the progressive disease after sorafenib therapy, despite many clinical trials of new target agents[8]. 
For a long time, doxorubicin has served as the backbone of cytotoxic chemotherapy for HCC[5], yielding approximately a showing about 16% response rate[9]. Epirubicin is a doxorubicin derivative with a better therapeutic index[10], and a response rate of 17%[11]. As a single agent, cisplatin has also shown a 17% response rate for advanced HCC[12], and when this agent was combined with epirubicin and 5-FU, a higher response rate was achieved[13]. Although this combination chemotherapy was suggested a potential systemic therapy to treat for metastatic HCC in the past, only few trials for cytotoxic chemotherapy have been attempted due to the toxicity of the treatment and the underlying hepatic dysfunction of the patients.
In the present study, we retrospectively analyzed the clinical efficacy and safety of epirubicin, cisplatin, and 5-FU (ECF) combination chemotherapy in patients who presented progressive disease after sorafenib therapy to evaluate the potential benefit of these cytotoxic agents for advanced HCC.

MATERIALS AND METHODS
Patients
From April 2009 to June 2012, the medical records of patients who presented advanced HCC in Seoul St. Mary’s Hospital were retrospectively reviewed. All patients had metastatic, progressive HCC after receiving treatment with sorafenib. The other eligible criteria included the following: (1) measurable lesions based on the response evaluation criteria in solid tumor (RECIST) criteria, ver. 1.0; (2) ECOG status 0 or 1; (3) Child-Pugh class A; (4) adequate bone marrow function, including platelet count ≥ 50,000/mm3, absolute neutrophil count ≥ 1,500/uL, and hemoglobin ≥ 8.0g/dL; (5) adequate hepatic function, including AST and ALT ≤ 5 x upper normal limit and bilirubin ≤ 2.0mg/dL; and (6) adequate renal function, serum creatinine ≤ 2 x upper normal limit. All procedures followed were in accordance with the ethical standards of the responsible committee on human experiments and the Helsinki Declaration of 1975, as revised in 2008. Informed consent was obtained from all patients for their inclusion in the study. This study was also approved by the Institutional Review Board (IRB) of Seoul St. Mary’s Hospital, Catholic Medical Center.

Treatment schedule and response evaluation
Patients were treated with the combination of epirubicin (50mg/m2 IV; day 1), cisplatin (60mg/m2 IV; day 1), and 5-FU (1,000mg/m2 IV continuous; day 1-3) (ECF) every 4 wk. One liter of half saline was administered before and after the cisplatin. Echocardiography was performed in all patients to monitor their basic heart function before epirubicin treatment. Response evaluation was performed with CT scans every 2 cycles of chemotherapy using the RECIST criteria, ver. 1.0. Toxicity monitoring was assessed using the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE), ver. 3.0, during each cycle of chemotherapy. The treatment was continued until progressive disease or unacceptable toxicity was observed. If the patient failed to tolerate the chemotherapy, treatment was also stopped. 

Statistical analysis
Overall survival (OS) was calculated from the start of the first day of ECF therapy to the death of the patient or the last follow-up date. Time to progression (TTP) was measured from the first day of the ECF chemotherapy to the date of disease progression, confirmed by CT scans. The disease control rate was defined as the partial response (PR) and the stable disease (SD), persisting at least 24 wk. OS and TTP were analyzed using Kaplan-Meier method. Cox regression models were used to analyze the statistical relationships between the prognostic factors and OS and TTP. All statistical analyses were carried out using SPSS, ver. 18.0

RESULTS
Patient characteristics
A total 31 patients were retrospectively analyzed between April 1, 2009 and June 31, 2012. Baseline characteristics of the patients are described in Table 1. The median age was 53 years (range 36-71 years), and the majority of the patients were male (81%). Most of the patients (26 patients, 83.9%) presented as hepatitis B virus (HBV) positive and 4 patients presented with non-virus associated disease. A total of 13 patients (41.9%) presented with a stable primary liver mass at the start of ECF chemotherapy. Most of the patients presented with lung metastasis (90.3%), and other common metastatic sites included the lymph node (32.3%), bone (25.1%), and peritoneum (9.7%). All patients were previously treated with sorafenib and other local therapies.

Clinical outcome and prognostic factors
A total of 102 cycles of ECF chemotherapy were administered to the 31 patients. The median number of cycles per patient was 2 cycles. PR was achieved in 4 patients, yielding a 12.9% response rate, and the disease control rate was 45.2% (Table 2). The median OS was 7.8 mo (range: 2.2-40.2 mo), and the median TTP was 2.7 mo (range: 10.0-14.8 mo).
 In the survival analysis, patients who achieved PR or SD showed a better OS than the progressive disease (PD) group (median OS 20.4 mo vs 4.9 mo, 95%CI: 11.2-29.6, P < 0.001). The PR or SD group also showed a better TTP than the PD group (median TTP 9.4 mo vs 2.2 mo, 95%CI: 4.1-14.7, P < 0.001) (Figure 1). There was a significant association between the status of the primary liver mass at the start of treatment and the clinical outcome. Patients who presented a stable primary liver mass showed a better response than those who presented with a progressive primary liver mass (P = 0.004). The patients with a stable primary liver mass also showed a better OS and TTP than patients with a progressive primary liver mass (median OS 13.4 mo vs 5.3 mo, 95%CI: 14.4-16.8, P = 0.003; median TTP 9.4 mo vs 2.3 mo, 95%CI: 1.5-17.3, P = 0.003) (Figure 2). 
In the univariate analysis, the presence of disease control was significantly associated with the OS and TTP (OS HR = 5.96, P < 0.001; TTP HR = 45.3, P < 0.001). There was also a correlation between presenting with a stable primary liver mass and OS and or TTP (OS HR = 4.22, P = 0.006; TTP HR = 3.56, P = 0.006). In addition, patients over 60 years of age achieved a better OS (HR = 0.09, P = 0.023) but not a better TTP (P = 0.143) (Table 3). These parameters also showed significant associations with OS and TTP in the multivariate analysis (Table 3).

Toxicity profiles
The hematologic and non-hematologic toxicities are summarized in Table 4. There were no treatment-related deaths. Grade 3-4 neutropenia was the most common hematologic toxicity (53.9%); however, no febrile neutropenia developed. Among the non-hematologic toxicities, the most common toxicity was asthenia (26.4%). All of the toxicities were manageable. 

DISCUSSION
HCC is known to be a chemo-resistant cancer due to its high expression of the multidrug resistance (MDR) gene[14]. Based on the BCLC staging, patients presenting with early stage or intermediate stage disease can benefit from surgery, liver transplantation, or localized treatments such as TACE or radiofrequency ablation[4]. However, few treatment options are available for advanced HCC because most patients also suffer from chronic liver disease, such as chronic hepatitis and cirrhosis, leading to hepatic dysfunction. This underlying liver disease narrows the spectrum of the treatment options available for advanced HCC[14]. Although systemic therapy has played only a limited role over the past 30 years, newly developed novel agents that target signaling pathways have been attempted as treatments for advanced HCC[3]. Recently, sorafenib, an oral target agent, has been used as the standard treatment for advanced HCC because two large randomized phase III trials demonstrated that it was able to achieve a survival benefit compared with a placebo control[6, 7]. However, sorafenib resulted in only 2-3 mo of benefit in the OS or TTP, so most patients eventually develop progressive disease after undergoing sorafenib treatment. 
The Epirubicin, cisplatin, and 5-FU (ECF) combination regimen has shown some clinical benefits in advanced gastric cancer, biliary cancer and pancreatic cancer[15, 16, 17]. However, it had a poor response and survival outcome as first-line treatment for advanced HCC[18]. Another cytotoxic chemotherapy, the PIAF regimen (cisplatin, interferon alpha, doxorubicin, 5-fluorouracil) showed a better response, but it is too toxic to be tolerated by patients with advanced HCC[19]. In the present study, ECF chemotherapy showed modest activity in selected patients as second-line treatment. It achieved a promising clinical outcome in selected patients even if we treated the patients who had progressive disease after sorafenib treatment and other local therapy. In addition, all toxicities were manageable, and the patients tolerated the regimen well throughout the treatment cycles. In the trials of target agents, sorafenib prolonged the survival by only 2-3 mo[6, 7], and the other target agents under investigation achieved only an additional 10% response rate[20]. Considering these data, our outcome was quite favorable, especially for patients with a PR or stable primary liver mass. 
In the univariate and multivariate analyses of the survival outcome, age older than 60 years, a stable primary liver mass, and good disease control status were associated with a longer OS. Elderly patients over 60 years of age showed hazard ratios of 0.09 in the univariate analysis and 0.074 in the multivariate analysis, all of which indicated significant effects. These results are consistent with those of an Italian liver cancer group[21]. The status of the primary liver mass also could serve as a predictive and prognostic marker. Patients with a stable primary liver mass at the start of ECF chemotherapy had a better disease control rate, leading to a significantly longer OS and TTP, relative to patients with a progressive primary liver mass. 
Although some selected patients showed a survival benefit in the present study, the overall survival increase was minimal across all patients. However, the change in the pain score according to 10-step numeric rating scale was 0.5 (range: -6 ~to 3, data not shown). Most patients had minimal pain that required a dosage increase in pain killers throughout the treatment period. We were unable to evaluate the quality of life improvement because this was a retrospective analysis. However, the minimal change of pain score suggested that ECF treatment might have a positive effect on pain control in advanced HCC.
Based on all these results, we suggest that ECF chemotherapy might offer another option a subset patient, i.e., those who have a stable primary liver lesion or are over 60 years of age. These patients might expect to achieve a survival benefit after failing to respond to sorafenib. There are some limitations in the present study. First, this is retrospective analysis with a small sample size, so the conclusions must be interpreted cautiously. Second, all patients enrolled in the study showed a good performance status with tolerable liver function (Child-Pugh score A). In practice, most of the patients who show progressive disease after sorafenib usually present with decreased liver function or poor performance status, so these patients could be cautiously selected to receive the second-line treatment.
After the sorafenib era, most clinical trials for advanced HCC have focused on new target agents compared to sorafenib being used to treat the control group[4, 5]. The NCCN guideline recommends providing supportive care or a clinical trial as the treatment options after sorafenib failure[22]. However, patients who show good performance and liver function can be good candidates for active cytotoxic chemotherapy as a second-line treatment. It would be worthwhile to develop a clinical trial with less toxic cytotoxic combination chemotherapy. The inhibition of MDR1 has been reported to enhance the sensitivity of chemotherapy in vitro or in animal model systems[23-25]. These data suggest that combining a MDR1 inhibitor with chemotherapy can be another direction for the treatment of HCC, besides the new agent targeting signal pathway or tumor angiogenesis. Unfortunately, there have been few human clinical trials using this approach, so more preclinical or clinical trials are needed. 
In conclusion, we have suggested that a cytotoxic combination regimen could offer an alternative treatment option after progression to sorafenib following careful patient selection. Patients who present with good ECOG, good liver function and a stable primary liver mass could be good candidates for systemic chemotherapy, and might expect to receive a survival benefit. To confirm our results, a prospective, randomized trial with a large sample size is warranted.






















COMMENTS
Background
For advanced metastatic hepatocellular carcinoma (HCC), sorafenib has been used as standard systemic therapy. However, no effective systemic therapy is available yet for the progressive disease after treatment of sorafenib. New target agents are under investigation but fail to achieve survival prolongation. There were no recommendations about cytotoxic chemotherapeutic agents because HCC is known to be chemo-resistant cancer, and patients presented with poor hepatic dysfunction not to tolerate toxicity.  

Research frontiers
Epirubicin, 5-FU, and cisplatin have been tries in the treatment of HCC as single agent or embolic agents. This combination regimen has demonstrated some efficacy in several gastrointestinal malignancies. For progressive, advanced and metastatic HCC patients who are over 60 years or have a stable primary mass, combination cytotoxic chemotherapy showed good response, leading to survival prolongation. It might be another option for a subset patient with advanced HCC beyond progression of sorafenib.   

Innovations and breakthroughs
In the previous trials, combination chemotherapy regimen showed poor response rate and was too toxic to tolerate for HCC patients with poor liver function. On the contrary, target agents are tolerable even for the patients with hepatic dysfunction, so new clinical trials for the treatment of advanced HCC are focused on target agents. However, these trials currently fail to show survival benefit. For the advanced patients with progressive disease after sorafenib therapy, more effective treatment is absolutely required. In the present study, authors tried with cytotoxic combination chemotherapy to treat patients with progressive, advanced, and metastatic HCC. In analysis of the clinical outcome, cytotoxic combination therapy demonstrated good response with survival benefit for some patients. Authors suggests that cytotoxic combination regimen should be worthwhile to try for the treatment of the progressive metastatic HCC patients 

Applications 
The study results suggest that the new clinical trials should be designed and performed using new, less toxic cytotoxic chemotherapy agents for the treatment of advanced, metastatic HCC 

Terminology
Progressive, advanced, metastatic HCC: In the treatment HCC with distant metastasis, sorafenib can be tried as first line treatment. However, drug resistance eventually develops during the sorafenib treatment. At this time, HCC is considered as “progressive and advanced HCC”. In this disease state, no effective treatment is available yet. In many clinical guidelines, observations with best supportive care or clinical trials are recommended as the treatment. 

Peer review
Ji Eun Lee et al report show combination chemotherapy using epirubicin, cisplatin and 5-FU can be used in selective HCC patients who are not responding to serafenib.  In this study the authors tried chemotherapy using a combination of epirubicin, cisplatin and 5FU in 31 HCC who were non-responders to serafenib. This combination chemotherapy show improved survival among patients who respond to treatment versus who are non-responders (20.4 months vs 4.9 months). The most common side effect seen among these patients were hematological toxicity including thrombocytopenia and neutropenia. Although the treatment success rate was not so high, the study deserve to be published due to the unique clinical study in humans.
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A                                      B
Figure 1 Survival analysis according to response to chemotherapy. A: The group with controlled disease (PR+SD) showed longer overall survival outcome than those with progressive disease (PD): median 20.4 mo (blue line) vs 4.9 mo (red line); B: In time to progression (TTP), the group with controlled disease groups showed better outcome than those with progressive disease: median 9.4 mo (blue line) vs 2.2 mo (red line).
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Figure 2 Survival outcomes according to status of primary liver mass. A: The group with stable primary mass showed longer overall survival than those with progressive primary liver mass: median 13.4 mo (blue line) vs 5.3 mo (red line); B: In TTP, The group with stable primary mass showed better outcome than those with progressive primary liver mass: median 9.4 mo (blue line) vs 2.3 mo (red line).















Table 1 Patients’ general characteristics n (%)
	
	Numbers 

	Age (range), yr
	531 (36-71)

	Sex           Male
	25 (81)

	Female
	6 (19)

	Etiology       HBV
	26 (83.9)

	            HCV
	1 (3.2)  

	            Others
	4 (12.9)

	Status of primary liver mass
	

	Stable
	13 (41.9)

	Progressive
	18 (58.1)

	Metastatic sites
	

	lung
	28 (90.3)

	lymph node
	10 (32.3)

	bone
	8 (25.1)

	peritoneum
	3 (9.7)

	Previous treatment before sorafenib

	TACE
	29 (93.5)

	Surgery
	17 (54.8)

	Radiation
	12 (38.7)

	Hepatic arterial infusion
	9 (29)

	Radiofrequency ablation
	5 (16.1)


1Median. TACE: Transarterial chemoembolization; HBV: Hepatitis B virus; HCV: Hepatitis C virus.







	Response
	n (%)

	PR
	4 (12.9)

	SD
	10 (32.3)

	Disease control (PR + SD)
	14 (45.2)

	Progressive disease (PD)
	17 (54.8)

	 Survival outcome 
	median (range)

	 median TTP
	2.7 mo (1.0-14.8)

	 median OS
	7.8 mo (2.2-40.2)


Table 2 Clinical outcomes
PR: Partial response, 30% or more decrease in the sum of diameters of target lesions; SD: Stable disease: neither sufficient shrinkage to qualify as PR nor sufficient to qualify as disease progression; TTP: Time to progression; OS: Overall survival; PD: Progressive disease.













Table 3 Analysis of prognostic factors
	Characteristics
	OS
	　
	TTP

	
	HR
	P-value
	　
	HR
	P-value

	Univariate analysis
	
	
	
	

	Gender
	
	
	
	
	

	Male vs Female
	0.87
	0.804
	
	0.87
	0.793

	Age, yr
	
	
	
	
	

	<60 vs ≥60
	0.09
	0.023
	
	0.46
	0.143

	Primary liver mass control
	
	
	
	
	

	Yes vs No
	4.22
	0.006
	
	3.56
	0.006

	Disease control
	
	
	
	
	

	PR + SD vs PD
	5.96
	<0.001
	　
	45.3
	<0.001

	Multivariate analysis
	
	
	
	

	Age, yr
	　
	　
	　
	　
	　

	<60 vs ≥60
	0.074
	0.017
	
	0.91
	0.8

	Primary liver mass control
	
	
	
	
	

	Yes vs No
	3.66
	0.026
	
	1.38
	0.54

	Disease control
	
	
	
	
	

	PR + SD vs PD
	4.31
	0.011
	　
	36.69
	0.001



In univariate and multivariate analysis, patients with age over than 60 or stable primary liver mass showed the better overall survival and time to progression. The patients with partial response or stable disease also had better survival outcome but not in time to progression in multivariate analysis.   

Table 4 Toxicity profiles n (%)
	　
	Grade 1/2 
	Grade 3/4 
	Total 

	Hematologic
	
	
	

	Anemia
	72 (70.6)
	10 (9.8)
	82 (80.4)

	Neutropenia
	15 (14.7)
	55 (53.9)
	70 (68.6)

	Thrombocytopenia
	61 (59.8)
	28 (27.4)
	89 (87.2)

	Non-Hematologic
	　
	　
	　

	Nausea
	4 (3.9)
	0 
	4 (3.9)

	Vomiting
	2 (1.9)
	0 
	2 (1.9)

	Asthenia
	24 (23.5)
	3 (2.9)
	27 (26.4)

	Anorexia
	2 (1.9)
	0 
	2 (1.9)

	Microsites
	6 (5.8)
	0 
	6 (5.8)


Number: Each episodes of all cycles/ Percent: number of episode / total 102 cycles. 
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