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Abstract
AIM: To report the outcome of patients with ruptured hepatocellular carcinoma (HCC) treated at a single center during a 5-year period.
METHODS: We retrospectively analyzed 32 patients who presented with ruptured HCC at Shandong Provincial Hospital Affiliated to Shandong University between 2008 and 2013.
RESULTS: The mean age of the patients was 53 years (range 39-71 years). Of these patients, 22 received surgical management, 10 underwent transarterial embolization (TAE) or transarterial chemoembolization (TACE), and 12 received sorafenib after surgery, TAE or TACE. Cumulative survival rates at 4-, 8- and 12-months were 72.9%, 50.0% and 33.3%, respectively, in the surgery only group and were 90.0%, 80.6% and 64.1%, respectively, in the surgery plus sorafenib group. Cumulative survival rates at 4-, 8- and 12-mo were 68.4%, 43.6% and 19.4%, respectively, in the surgery only or TAE/TACE only groups, and were 91.7%, 75.0% and 60.2%, respectively, in the sorafenib combination groups (P = 0.04). No unexpected side effects due to sorafenib were observed. The most common side effect was hand-foot skin reaction. To date, 5 patients have died. Median follow-up from the start of sorafenib therapy for the remaining 7 patients is 12.7 mo (range 5.8-32.2 mo).
CONCLUSION: Sorafenib can be used in patients with ruptured HCC as it has interesting activity and is well tolerated; dose adjustment is generally not required. However, a larger prospective study is necessary to determine the efficacy of sorafenib in this group of patients.
 © 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Spontaneous rupture of hepatocellular carcinoma (HCC) is a life-threatening condition. Currently, sorafenib is available for HCC patients with spontaneous rupture, although its efficacy and safety have not been reported. This study aims to report the outcome of patients with ruptured HCC in a single center during a 5-year period. We retrospectively analyzed 32 patients who presented with ruptured HCC at our institute between 2008 and 2013. We concluded that sorafenib can be used in patients with ruptured HCC as it has interesting activity and is well tolerated. However, a larger prospective study is necessary to determine the efficacy of sorafenib in this group of patients.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common form of liver cancer, accounting for approximately 90% of primary malignant liver tumors in adults. It is the sixth most common cancer and the third most common cause of cancer-related death worldwide[1]. The incidence of HCC has increased dramatically in the past decades and is expected to continue to increase for the next two decades[2]. Spontaneous rupture of HCC is an uncommon and potentially life-threatening presentation with a varied incidence throughout the world. One report showed that its incidence was < 3% in Western countries and was > 10% in Asian countries[3-5]. The mortality rate due to spontaneous rupture of HCC is high and has been reported to range from 32%-100%[6-8].
The treatment of ruptured HCC includes emergency or staged liver resections, transarterial embolization (TAE), transarterial chemoembolization (TACE), and hepatic artery ligation[7,9]. Although the overall prognosis of patients with ruptured HCC is poor, some studies have reported a promising outcome following emergency liver resection.

Recently, sorafenib, a multi-targeted small molecule tyrosine kinase inhibitor, which inhibits tumor growth and angiogenesis by inhibiting intracellular RAF kinases (CRAF, BRAF and mutant BRAF) and cell surface kinase receptors (VEGFR-2, VEGFR-3, PDGFR-beta, cKIT and FLT-3), has become the standard treatment for advanced HCC based on two large randomized phase III trials[10,11]. 
However, the use of sorafenib in spontaneous rupture of HCC has not been studied and there is little information on this drug for patients with spontaneous rupture of HCC. Therefore, we conducted a retrospective study to determine the efficacy and safety of sorafenib in patients with spontaneous rupture of HCC.

MATERIALS AND METHODS

This was a retrospective study of patients with spontaneous rupture of HCC treated in Shandong Provincial Hospital Affiliated to Shandong University, Jinan, China, during the period 2008–2013. The aim of this study was to examine the survival of the patients with spontaneous rupture of HCC treated with sorafenib and its side effects. Between January 2008 and August 2013, 32 patients were clinically diagnosed with spontaneously ruptured HCC. Of these patients, 22 received surgical management (emergency or staged liver resections), 10 received transarterial embolization (TAE) or transarterial chemoembolization (TACE), and 12 received sorafenib after surgery, TAE or TACE. None of the patients had recently received HCC treatment such as surgery or TACE within one month of the diagnosis of HCC rupture. HCC was diagnosed according to the diagnostic guidelines issued by the American Association for the Study of Liver Diseases[12]. HCC rupture was defined as disruption of the peritumoral liver capsule with enhanced fluid collection in the perihepatic area adjacent to the HCC by dynamic liver computed tomography (CT)[13], and when abdominal paracentesis showed an ascitic red blood cell count of > 50000 mm3/mL in bloody fluid[14]. Details of patient demographics, clinical features, and medical history, including hepatitis status and histologic evidence of cirrhosis, were recorded. The severity of liver disease was classified according to Child-Pugh criteria. Patient demographics, prior therapy, best response, survival data and relevant toxicities were obtained and recorded in a database. All patients were started on sorafenib 200 mg b.i.d. and titrated up to a full dose of 400 mg b.i.d. after 5–7 d if no toxicity was observed. The primary outcome measure was patient survival. Complete data, with a median follow-up of 12.7 mo, were available.
Statistical analysis

Statistical analyses were performed using SPSS 13 for Windows software. A P value < 0.05 was considered statistically significant. Categorical variables were summarized as frequencies and percentages. Quantitative variables were summarized as medians and ranges. Overall survival from the start of sorafenib was summarized using the method of Kaplan and Meier. 
RESULTS
Patient characteristics
The baseline characteristics of the 32 patients are summarized in Table 1. The patients (25 male and 7 female) were classified as Child-Pugh A, Child-Pugh B or Child-Pugh C, and had a median age of 53 years. The etiology of liver disease was hepatitis B infection in 25, hepatitis C in 2, alcohol in 2, and unknown in the remaining 3 patients. Fifteen of the 32 patients had a single HCC and 17 patients had multiple HCCs. Median tumor size was 8.3 cm (range, 2.9-25.5 cm), and only 3 patients had HCCs within the Milan criteria. Before treatment, 0, 3, 11, 12 and 6 patients were found to have Barcelona Clinical Liver Cancer (BCLC) stage 0, A, B, C, or D stage HCC, respectively. Median alpha-fetoprotein concentration at diagnosis of HCC rupture was 864 ng/mL (range, 6-54000 ng/mL). Seven patients required a vasopressor due to shock at presentation. Ruptured HCC was located on the surface of the liver in all patients. 
Treatment outcomes

One-month overall cumulative mortality for the 32 study subjects was 12.5% (Figure 1). Cumulative survival rates at 4-, 8- and 12-mo were 85.9%, 69.3% and 55.1%, respectively, in the surgical group and 70.3%, 23.3% and 11.7%, respectively, in the TAE/TACE group. Cumulative survival rates at 4-, 8- and 12-months were higher in the surgical group than in the TAE/TACE group (P < 0.01) (Figure 2). Cumulative survival rates at 4-, 8- and 12-months were 72.9%, 50.0% and 33.3%, respectively, in the surgery only group and were 90.0%, 80.6% and 64.1%, respectively in the surgery plus sorafenib group. Cumulative survival rates at 4-, 8- and 12-mo tended to be higher in the surgery plus sorafenib group, although the difference was statistically insignificant (P = 0.18) (Figure 3). Cumulative survival rates at 4-, 8- and 12-mo were 68.4%, 43.6% and 19.4%, respectively, in the groups treated with surgery or TAE/TACE only, and were 91.7%, 75.0% and 60.2%, respectively, in the surgery or TAE/TACE plus sorafenib groups (P = 0.04) (Figure 4).
Sorafenib treatment and toxicity
Three patients discontinued sorafenib and 9 continue with sorafenib treatment. To date, patients have been treated for a median of 12.8 months (range 4.1-32.2 months). Table 2 summarizes sorafenib-induced toxicity observed thus far. All patients were started on sorafenib 200 mg b.i.d. and titrated up to a full dose of 400 mg b.i.d. after 5-7 d if there was no toxicity noted, however, 3 patients required temporary dose reduction due to hand-foot skin reaction and diarrhea. Most of the toxicities seen in this group of patients occurred at the dose of 400 mg b.i.d. and were expected side effects of sorafenib. Hand-foot skin reaction was the most common side effect.
To date, 2 patients have achieved a complete radiographic response. Three patients achieved disease stabilization as their best response. Seven patients have progressed, and 5 patients have died. Median follow-up from the start of sorafenib therapy in the remaining 6 patients is 12.7 mo (range 5.8-32.2 mo). None of the patients discontinued sorafenib due to toxicity.
DISCUSSION
Hepatocellular carcinoma is a common cause of death, with 100 000 lives lost annually in China[4]. Spontaneous rupture of HCC is an uncommon, but lethal complication with an incidence of approximately 15% in Asia[15]. The mechanism of spontaneous rupture of HCC is unclear, but has been attributed to central necrosis in the rapidly growing HCC, hemorrhage and venous congestion inside the tumor, coagulopathy due to underlying cirrhosis, and minor trauma causing a sudden increase in pressure within the tumor[9,16,17]. The primary objective of initial management is to achieve hemostasis by either TAE/TACE or surgery. Several studies have proposed that selective hepatic artery ligation or emergency hepatectomy are the treatments of choice in patients with limited tumor and preserved liver function (Child-Pugh grade A or B), with TAE/TACE as the next-best choice[16,18]. TAE/TACE is effective in controlling bleeding in HCCs, with a lower in-hospital mortality rate than surgery; however, the outcome is still dependent on liver function. In addition to poor liver function, the multifocal nature of the tumor and large tumor size may also help explain the risk of decompensation and poor outcome. It has been shown that early mortality is not dependent on the modality of treatment, but on the patient’s pre-rupture disease state, history of cirrhosis, liver function at the time of rupture, and the degree of shock[19,20].
Previous reports demonstrated that patients who underwent emergency hepatectomy had significantly better survival rates. This may have been due to the fact that the majority of patients who underwent emergency hepatectomy were non-cirrhotic and had reasonable liver function. Emergency or early hepatectomy in such patients will facilitate restoration of hepatic perfusion and preservation of liver function[21,22]. A comparable survival rate was also noted in patients who underwent elective hepatectomy after initial control of bleeding by surgical perihepatic packing. Although surgical treatment of peritoneal dissemination of HCC is not curative, surgery may improve survival and provide a good quality of life in selected patients[23]. Yang et al [24] concluded that improvements in surgical technique and perioperative care have made partial hepatectomy a safe and effective treatment in the event of spontaneous HCC rupture. Yoshida et al[16] reported that cumulative survival rates in the ruptured group at 1, 5, and 10 years were 90.0%, 67.5% and 20.3%, respectively, and concluded that survival rates after elective hepatectomy in patients with ruptured HCC are good, and that TAE followed by elective hepatectomy is considered an effective strategy for patients with ruptured HCC[6].

In our study, cumulative survival rates at 4-, 8- and 12-months were higher in the surgical group than in the TAE/TACE group (P < 0.01). Thus, surgical management was superior to TAE/TACE in treating ruptured HCC. We observed an overall 30-day mortality rate of 12.5%, while the mortality rate was over 30% in other similar reports. This may be because our institute focuses on surgical treatment and patients with severe rupture of HCC and poor liver function have an extremely guarded prognosis and cannot tolerate surgical hepatic resection. Thus, TAE/TACE should be suggested in patients who cannot tolerate liver resection, especially in those with poor liver function.

Treatment of ruptured HCC is challenging. Recently, sorafenib, an oral multikinase inhibitor with activity against Raf-1, B-Raf, VEGFR2, PDGFR and c-Kit receptors, was shown to have potent antiangiogenic and proapoptotic activity and therefore has a marked antitumoral effect[25]. The improved survival in patients treated with sorafenib is supported by the highest level of evidence, and sorafenib is considered the standard systemic therapy for HCC in patients with well-preserved liver function and advanced-stage HCC or in patients with HCC progressing after locoregional therapies[26,27]. Rupture of HCC can lead to peritoneal dissemination and recurrence, and the tumor-node-metastasis (TNM) classification of the International Union Against Cancer (UICC) classify ruptured HCC as T4[28]. Sorafenib should be available for HCC patients with spontaneous rupture. However, thus far only limited data are available with regard to the safety and efficacy of sorafenib in HCC patients with spontaneous rupture. Therefore, it is important that more data on the use of sorafenib in HCC patients with spontaneous rupture become available. 
Our single-institution data clearly showed that it is feasible to use sorafenib in patients with ruptured HCC. In terms of efficacy, thus far, 2 patients have achieved a complete radiographic response. Three patients have achieved disease stabilization as their best response. Seven patients have progressed and 5 patients have died. Median follow-up from the start of sorafenib therapy for the remaining 6 patients is 12.7 mo (range 5.8-32.2 mo). Cumulative survival rates at 4-, 8- and 12-mo tended to be higher in the surgery plus sorafenib group than in the surgery only group, although the difference was statistically insignificant (P = 0.18). Cumulative survival rates at 4-, 8- and 12-mo were higher in the groups treated with surgery or TAE/TACE plus sorafenib than in the groups treated with surgery or TAE/TACE only (P = 0.04). Our results showed that sorafenib is effective in the treatment of ruptured HCC.

To date, two studies have reported the clinical outcomes of patients on sorafenib treatments and have addressed the management of sorafenib-related adverse events (AEs) in daily clinical practice: the GIDEON study (Global Investigation of therapeutic DEcisions in hepatocellular carcinoma and Of its treatment with sorafeNib), conducted on a very large population of HCC patients in more than 40 countries[29], and the SOFIA (SOraFenib Italian Assessment) study, conducted in Italy[30]. Sorafenib appeared to be well-tolerated in both the GIDEON and the SOFIA studies; however, a number of AEs were reported in both studies. The most frequent sorafenib-associated AEs were dermatological lesions, cancer-related fatigue and diarrhea. Grade 3/4 liver dysfunction has also been reported in 3% of patients treated with sorafenib compared with placebo in the SHARP trial (supplementary appendices)[10] and in 1% of patients treated with sorafenib in the GIDEON study[31]. The safety profile of sorafenib was similar, although a slightly higher rate of AEs and the need for dose reduction was reported when compared with the landmark phase III trials. Proper management of sorafenib-associated AEs reduces the risk of dose reductions and/or treatment interruptions, thus optimizing the clinical benefits associated with this agent[32]. 
In our study, all of the patients were started on a reduced dose of 200 mg b.i.d. and titrated up to the full dose of 400 mg b.i.d. after 5-7 days without any problems. Toxicities seen at the higher dose were mostly the expected side effects of sorafenib. None of the patients needed permanent dose reduction; however, 3 patients required temporary dose reduction due to hand-foot skin reaction and diarrhea. None of the patients discontinued sorafenib due to toxicity. Recently, sorafenib has been used in the treatment of patients with advanced HCC, even in patients with recurrent HCC after liver transplantation; however, dose adjustment may be required[33]. Our study showed that sorafenib dose adjustment was not required in the treatment of ruptured HCC. In our study, almost all toxicities were expected and no new serious AEs were observed. 

To our knowledge, our series includes one of the largest groups of patients with spontaneous rupture of HCC who received sorafenib in a single institution. Our series has shown that it is feasible to use sorafenib in conjunction with other therapeutic regimens such as surgery, TAE, and TACE in patients with rupture of HCC and dose adjustment is generally not required.

The limitations of the present study are as follows: The retrospective design and small sample size are two main limitations of this study. Nevertheless, our study is the first to provide evidence of the outcome of sorafenib treatment and its toxicity in patients with rupture of HCC.
In conclusion, we confirm that sorafenib has interesting activity and acceptable tolerability in patients with rupture of HCC. However, future trials are required to confirm the efficacy and safety of this drug in patients with rupture of HCC.
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Background

Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third most common cause of cancer-related death worldwide. Spontaneous rupture of HCC is an uncommon and potentially life-threatening presentation. The reported high mortality rate due to spontaneous rupture of HCC ranges from 32%-100%.

Recently, sorafenib has become the standard treatment for advanced HCC. However, the use of sorafenib in spontaneous rupture of HCC has not been studied and there is little information on this drug in HCC patients with spontaneous rupture. Therefore, we conducted a retrospective study to determine the efficacy and safety of sorafenib in patients with spontaneous rupture of HCC.
Research frontiers

Sorafenib is a multi-targeted small molecule tyrosine kinase inhibitor which inhibits tumor growth and angiogenesis by inhibiting intracellular RAF kinases (CRAF, BRAF, and mutant BRAF) and cell surface kinase receptors (VEGFR-2, VEGFR-3, PDGFR-beta, cKIT, and FLT-3). Sorafenib has become the standard treatment for advanced HCC. It demonstrated a modest survival benefit over placebo in 2 phase III trials, especially in patients with Child-Pugh A liver disease. However, there is little information on this drug in HCC patients with spontaneous rupture.
Innovations and breakthroughs

Sorafenib, is a multi-targeted small molecule tyrosine kinase inhibitor which inhibits tumor growth and angiogenesis by inhibiting intracellular RAF kinases (CRAF, BRAF, and mutant BRAF) and cell surface kinase receptors (VEGFR-2, VEGFR-3, PDGFR-beta, cKIT, and FLT-3), and has become the standard treatment for advanced HCC based on two large randomized phase III trials. However, the use of sorafenib in spontaneous rupture of HCC has not been studied and there is little information on this drug in HCC patients with spontaneous rupture. The authors conducted a retrospective study to determine the efficacy and safety of sorafenib in patients with spontaneous rupture of HCC.
Applications

The study results suggest that sorafenib can be used in patients with ruptured HCC as it has interesting activity and is well tolerated; dose adjustment is generally not required.
Terminology

Sorafenib: Sorafenib is an oral multi-kinase inhibitor which blocks tumor-cell proliferation and increases the rate of apoptosis. Sorafenib is the only agent with proven survival benefit in the treatment of advanced hepatocellular carcinoma.
Peer review

This is a good retrospective study in which authors analyze the feasibility and safety of using sorafenib in hepatocellular carcinoma patients with spontaneous rupture. The results are interesting and suggest that sorafenib can be used in ruptured HCC patients with an interesting activity and tolerable toxicity. 
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Figure 1 Overall cumulative survival Kaplan-Meier curve for the 32 study subjects.

Figure 2 Comparison of cumulative survival rates between surgery group and TAE/TACE group. Cumulative survival rates in the surgery group (n = 22, median survival time was 13.61 mo; 95%CI: 7.49-19.72) and in the TAE/TACE group (n = 10, median survival time was 6.67 mo; 95%CI: 4.23-8.97). Cumulative survival rates at 4-, 8- and 12-mo in the surgical group were significantly higher than in the TAE/TACE group (P < 0.01).
[image: image1.jpg]T

survival rates

Cumulati

imAETACEGe10)
Surgery-censored
+ TAE/TACE <emored

1216 20 24 28 R 3%
Time(months)




Figure 3 Comparison of cumulative survival rates between surgery alone group and surgery combined sorafenib group. Cumulative survival rates in the surgery only group (n = 12, median survival time was 11.41 mo; 95% CI: 6.31-15.49) and in the surgery plus sorafenib group (n = 10, median survival time was 16.47 mo; 95%CI: 7.49-19.72). Cumulative survival rates at 4-, 8- and 12-mo tended to be higher in the surgery plus sorafenib group, despite the difference being statistically insignificant (P = 0.18).
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Figure 4 Comparison of cumulative survival rates between surgery alone group and TAE/TACE alone group. Cumulative survival rates in the surgery only or TAE/TACE only group (n = 20, median survival time was 8.32 mo; 95%CI: 6.93-9.57) and in the surgery or TAE/TACE plus sorafenib group (n = 12, median survival time was 16.41 mo; 95%CI: 10.97-21.83). Cumulative survival rates at 4-, 8- and 12-mo were higher in the surgery or TAE/TACE plus sorafenib group (P = 0.04).
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Table 1 Clinical characteristics of the 32 patients with ruptured hepatocellular carcinoma n (%)
	Variable
	Total (n = 32)

	Age
Mean (range), yr
	53 (39-71)

	Gender   
Male/Female
	25/7

	Etiology  HBV/HCV/alcohol/others
	25 (78.1)/2 (6.3)/2 (6.3)/3 (9.4)

	Child-Pugh classification  
A/B/C
	3 (9.4)/12 (37.5)/10 (31.3)

	Extra-liver sites of metastatic disease
	4 (12.5)

	Tumor size (cm)
	8.3 (2.9-25.5)

	Tumor number
 Single/multiple
	8 (25.0)/24 (75.0)

	Within Milan criteria
	3 (9.4)

	BCLC stage  
0/A/B/C/D
	0 (0.0)/3 (9.4)/11 (34.4)/12 (37.5)/6 (18.8)

	Alpha-fetoprotein(ng/mL)   Mean (range)
	864 (6-54000)

	Treatment  Resection/TAE(TACE)
	22 (68.8)/10 (31.2)

	Sorafenib
	12 (37.5)


HBV: Hepatitis B virus; HCV: Hepatitis C virus; BCLC: Barcelona Clinical Liver Cancer; TAE: transarterial embolization; TACE: transarterial chemoembolization.
Table 2 Sorafenib toxicity grades based on common terminology criteria for adverse events version 4.0

	Adverse events
	Grade 1/2
	Grade 3/4

	Hand-foot skin reaction
	3
	1

	Diarrhea
	2
	2

	Hypertension
	1
	0

	Skin rash
	2
	0

	Anorexia
	2
	0

	Mucositis
	1
	0

	Agrypnia
	1
	0


CTCAE: Common terminology criteria for adverse events.
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