Do Biliary Complications after Hypofractionated Radiation Therapy in Hepatocellular Carcinoma Matter?
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Abstract
Purpose
The purpose of this study is to evaluate the efficacy of hypofractionated radiation therapy (RT) in the treatment of unresectable hepatocellular carcinoma (HCC) after failure of transarterial chemoembolization (TACE) or in cases of refractory HCC, and to investigate biliary complications after hypofractionated RT.

Materials and Methods
We retrospectively enrolled patients with unresectable, TACE-unresponsive, or refractory HCC treated with hypofractionated RT between July 2006 and December 2012. The perihilar region was defined as the 1-cm area surrounding the right, left, and the common hepatic duct, including the gallbladder and the cystic duct. Significant elevation of total bilirubin was defined as an increase of more than 3.0 mg/dL, and more than two times that of the previous level after completion of RT.

Results
Fifty patients received hypofractionated RT and 27 (54%) had a tumor located within the perihilar region. The median follow-up period was 24.7 months (range, 4.3 to 95.5 months). None of the patients developed classic radiation disease symptoms, but four patients (8%) showed significant elevation of total bilirubin within one year after RT. During follow-up, 12 patients (24%) developed radiologic biliary abnormalities, but only two patients had toxicities requiring intervention. Estimated local progression-free survival, progression-free survival, and overall survival of the patients at 3-year post-hypofractionated RT were 89.7%, 11.2%, and 57.4%, respectively.

Conclusion
Biliary complications associated with a higher dose exposure of hypofractionated RT were minimal, even in the perihilar region. Hypofractionated RT provided excellent local control and may be a valuable option for treatment of unresectable cases of TACE-unresponsive or refractory HCC.
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Introduction
In treatment of unresectable cases of hepatocellular carcinoma (HCC), sorafenib is the only valid treatment option if trans-arterial chemoembolization (TACE) fails or has an insufficient effect [1]. In a subgroup analysis of two randomized phase-III trials among European or Asian-Pacific patients, despite a significant survival benefit of sorafenib, absolute survival was only extended by a few months [2,3].
Radiation therapy (RT) is a validated treatment modality in the oncology field and is expected to be a reliable treatment alternative for unresectable cases of TACE-unresponsive or refractory HCC. Despite a lack of data from randomized controlled trials, strong evidence from retrospective and prospective studies has shown that RT can provide good local control and extend patient survival [4,5]. In particular, stereotactic ablative body RT (SABR) and hypofractionated RT yield an excellent objective response rate with a > 80% local control rate [6-8].
The most important concern associated with RT for HCC is deterioration of normal liver function; however, with advances in RT techniques and improved radiobiology, the classic radiation-induced liver disease (RILD) observed in the early days of RT is becoming less of a problem [9]. Nevertheless, biliary inflammation with or without stricture remains a concern in application of RT in unresectable cases of HCC. Several studies have reported on the emergence of symptomatic biliary complications 1 to 10 years after RT for tumors related to the biliary system; however, those studies were conducted more than 20 years ago [10,11].
Previously, we reported results for treatment of small, but unresectable, TACE-unresponsive or refractory HCC with hypofractionated RT [12]. In this study, we found that outcomes of hypofractionated RT were comparable to those using other RT techniques, specifically 85.0% local control and 100.0% overall survival (OS) at 2 years. However, this study was limited by its small sample size and short followup period.
To address our previous findings and limited conclusions, in this study we evaluated the efficacy of hypofractionated RT in unresectable cases of TACE-unresponsive or refractory HCC and investigated the incidence of biliary stricture after hypofractionated RT.

Materials and Methods
Patients with unresectable, TACE-unresponsive, or refractory HCC treated with hypofractionated RT at Samsung Medical Center between July 2006 and December 2012 were enrolled retrospectively. The Samsung Medical Center Institutional Review Board approved this study and exempted the requirement for written consent.
All patients enrolled in this study received hypofractionated RT for treatment of unresectable, TACE-unresponsive, or refractory HCC. The inclusion criteria were as follows: Eastern Cooperative Oncology Group (ECOG) performance score of 0 or 1; normal liver volume (whole liver minus gross tumor volume) of ≥ 700 mL; HCC size < 5 cm; ≤ 15% of normal liver volume exposed to 50% of the prescribed RT dose; and tumor site not adjacent to critical organs such as the gastroduodenum or the large/small bowel.
To avoid inaccurate targeting secondary to tumor movement during radiation treatment, an additional margin following the cranio-caudal orientation was outlined using fluoroscopy; this was done before setting up the respirationgated protocol with four-dimensional computed tomography (CT) simulation in 2008. Since then, respiratory gating has become the routine protocol for administration of RT for HCC. The technical details of our simulation, planning, verification, and RT-delivery protocols are described in the previous report [13]. The total number of fractions was ten and the fraction size of hypofractionated RT was 5 or 6 Gy. The plan objective was to cover at least 70% of the clinical target volume with 100% of the prescribed dose.
The first follow-up evaluations after hypofractionated RT were performed 1 month after treatment and every 2 to 3 months thereafter. At each follow-up, patients underwent clinical and physical examinations, CT or magnetic resonance imaging (MRI) with or without positron emission tomography, measurement of serum tumor markers, and chemistry profiling that included liver function tests. Patient toxicity levels were assessed using the Common Terminology Criteria for Adverse Events, ver. 4.0. The response to hypofractionated RT was evaluated using the modified response evaluation criteria for solid tumors based on CT or MRI scans acquired at the 3- to 5-month follow-up visit.
The perihilar region was defined as the area within 1 cm right and left of the hepatic duct and the common hepatic duct, including the gallbladder and the cystic duct. Significant elevation of total bilirubin was defined as total bilirubin elevation > 3.0 mg/dL and more than two times the previous level after RT completion. Biliary dilation was defined as duct dilatation two or more times greater than the previous diameter and/or appearance of a biliary tree that was previously unseen in the radiologic examination. If total bilirubin elevation was unreasonable based on laboratory liver function results and if biliary dilatation was noted, biliary drainage was performed via endoscopic retrograde biliary drainage (ERBD) and/or percutaneous trans-hepatic biliary drainage (PTBD).
Local progression (LP) was defined as the presence of a ≥ 20% increase in the viable tumor diameter, which was encompassed by a planning target volume in images taken during follow-up. Intra-hepatic progression (IHP) was defined as new recurrence of a viable tumor or progression of a previously controlled tumor in the liver, including vascular invasion beyond the RT field. Extra-hepatic progression (EHP) was defined as any recurrence outside the liver.
LP-free survival (LPFS), progression-free survival (PFS), and OS were calculated as the duration from the start date of receiving hypofractionated RT to the date when a new event was first detected or the date of the last follow-up visit, if follow-up had been event-free.
Fisher exact tests were used for comparison of differences in clinical characteristics and treatment types between the groups. The Kaplan-Meier method was used for calculation of survival curves, and the log-rank test was used for comparison of differences between the survival curves. Multivariate survival analysis was performed using a Cox proportional hazards model tested using the Schoenfeld residuals method with variables showing statistical significance in univariate analysis and Child-Pugh class. The PASW ver. 21.0 (IBM Co., Armonk, NY) was used for all analyses. All statistical tests were evaluated as two-sided and p < 0.05 was considered statistically significant.

Results
1. Patients
During the study period, 50 patients received hypofractionated RT for treatment of unresectable, TACE-unresponsive, or refractory HCC. The median follow-up period for the patient samples was 24.7 months (range, 4.3 to 95.5 months).
Patient characteristics are shown in Table 1. Median patient age was 61 years (range, 38 to 83 years) and male patients accounted for more than 85% of total cases. Serum hepatitis B viral antigen markers were positive in 37 patients (74%); 41 patients (82%) had concurrent liver cirrhosis; and three patients (6%) had Child-Pugh scores of class B. Twentyseven patients (54%) had the tumor located within the perihilar region. The median α-fetoprotein (AFP) level before RT was 46.2 ng/mL (range, 1.6 to 5,077.4 ng/mL). Ten patients (20%) also had portal-vein tumor thrombosis, and three patients had tumors involving bile-duct invasion. A fraction size of 6 Gy was used in five patients (10%).
Table 1. Baseline characteristics of 48 hepatocellular carcinoma patients
	Variable		No. of patients (%)
	Median age (range, yr)		61 (38-83)
	Sex	Male	43 (86)
	Female	7 (14)
	ECOG performance status	0	15 (30)
	1	35 (70)
	Cause of hepatitis	Hepatitis B virus	42 (82)
	Hepatitis C virus	5 (10)
	Alcohol	2 (4.0)
	Other	1 (2.0)
	Liver cirrhosis	Yes	41 (82)
	No	9 (18)
	Child-Pugh class	A	47 (94)
	B	3 (6)
	BCLC stage	C	18 (36)
	Other	32 (64)
	Present tumor status	Recurrent	46 (92)
	Primary	4 (8)
	Tumor size (cm)	≤ 3	46 (92)
	> 3	4 (8)
	α-Fetoprotein (ng/mL)	< 200	47 (74)
	≥ 200	13 (26)
	Portal vein tumor thrombosis	Yes	10 (20)
	No	40 (80)
	Fraction size	5 Gy	45 (90)
	6 Gy	5 (10)
	Previous treatment (repeated measure)	Surgery	10 (20.8)
	RFA	13 (27.1)
	TACE	44 (91.7)
	RT	4 (8.3)
	Sorafenib	1 (2.1)
	NaïVe	2 (4.2)


ECOG, Eastern Cooperative Oncology Group; BCLC, Barcelona Clinic Liver Cancer; RFA, radiofrequency ablation; TACE, trans-arterial chemoembolization; RT, radiation therapy.


All enrolled patients had undergone TACE treatment at least once (median number of TACE treatments, 4; range, 1 to 20). TACE treatment was combined with surgical resection, radiofrequency ablation (RFA), or previous RT in 14 (28%), 23 (46%), and three (6%) patients, respectively. Although exact staging was not possible because of multiple previous treatments, Barcelona Clinic for Liver Cancer (BCLC) C-stage was identified in 18 patients (36%).

2. Treatment response
In the images taken at the 3- to 5-month follow-up evaluation, 27 patients (54%) showed a complete response of the viable contrast-enhanced lesion, 11 patients (22%) showed a partial response, and 10 patients (20%) showed stable disease. LP within 5 months after RT was detected in two patients (4%). Among the five patients who received a fraction size of 6 Gy, complete response was achieved in three patients with one partial response, and one stable disease.

3. LP and patterns of first site failure
During follow-up, 46 patients (92%) progressed to one of several failure patterns. LP was observed in five patients (10%): two had LP only and three had LP combined with IHP. IHP-only was the most frequent first failure pattern (n=32, 64%). EHP was observed as a first failure pattern in nine patients (18%); two patients with EHP also had IHP (Supplementary Fig. S1). The remaining four patients (8%) showed no evidence of treatment failure throughout the follow- up period.
With the exception of one patient who refused further treatment after EHP, all 45 patients received additional treatment after progression. TACE was repeated for 39 cases, RFA was repeated for nine, and further RT was repeated for 12 patients. Three patients underwent a liver transplant at 4, 7, and 24 months after RT, respectively, and all patients showed a complete pathologic response at the irradiated lesion site.

4. Survival outcomes
LPFS, PFS, and OS were 89.7%, 11.2%, and 57.4%, respectively, for all enrolled patients 3 years after RT. Kaplan-Meier curves are shown in Fig. 1.
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Fig. 1. Kaplan-Meier curves of local progression-free survival (LPFS), progression-free survival (PFS), and overall survival (OS) in all enrolled patients; OS and LPFS were 57.4% and 89.7% at 3 years, respectively, but PFS was only 11.2%.

Possible prognostic factors related to survival are shown in Table 2. A maximum tumor size > 3 cm showed significant association with lower LPFS (p=0.01), but not with decreases in PFS and OS. In contrast, a decrease in AFP 4-8 weeks after RT completion was a significant favorable prognostic factor for PFS only (p=0.02). The most important favorable prognostic factor for OS (p=0.03), LPFS (p=0.03), and PFS (p=0.04) was showing a positive objective response 3 to 5 months after receiving RT. Kaplan-Meier survival curves according to significant prognostic factors are shown in Supplementary Fig. S2. In multivariate analysis with all significant factors and Child-Pugh class, size was the only significant factor on LPFS (p=0.009; hazard ratio [HR], 11.4; 95% confidence interval [CI], 1.83 to 71.2), AFP decrement on PFS (p=0.02; HR, 0.50; 95% CI, 0.28 to 0.91), and positive objective response on OS (p=0.04; HR, 0.40; 95% CI, 0.17 to 0.95). Positive objective response showed only marginal significance on LPFS (p=0.06) and PFS (p=0.07).
Table 2. Prognostic factors for local progression-free survival
	Variable		3-yr LPFS (%)	p-value	3-yr PFS (%)	p-value	3-yr OS (%)	p-value
	Age (yr)	> 60	92.1	0.50	8.3	0.98	70.4	0.12
		≤ 60	87.0		9.9		40.8	
	Sex	Male	88.1	0.37	7.5	0.12	54.1	0.88
		Female	100		38.1		80.0	
	Child-Pugh class	A	91.1	0.11	11.2	1.00	60.2	0.14
		B	N.R.		N.R.		N.R.	
	ECOG performance status	0	80.0	0.11	8.9	0.72	34.5	0.18
		1	93.7		9.3		67.0	
	AFP (ng/mL)	< 200	88.8	0.77	12.6	0.56	61.6	0.40
		≥ 200	92.3		7.7		39.6	
	Size (cm)	≤ 3	93.2	0.01	12.3	0.33	59.0	0.59
		> 3	N.R.		N.R.		37.5	
	BCLC stage	Other	86.7	0.42	7.8	0.62	63.3	0.30
		C	94.4		16.7		48.4	
	PVTT	Yes	100	0.24	20.0	0.21	58.3	0.86
		No	86.9		9.0		57.0	
	AFP decrement	Yes	92.5	0.40	12.0	0.02	54.1	0.28
		No	85.7		9.5		60.1	
	Fraction size	5 Gy	88.5	0.45	9.6	0.43	54.5	0.18
		6 Gy	100		30.0		100	
	Objective response	Yes	94.3	0.03	12.0	0.04	66.7	0.03
		No	75		8.3		30.0	


LPFS, local progression-free survival; PFS, progression-free survival; OS, overall survival; N.R., not reached; ECOG, Eastern Cooperative Oncology Group; AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor thrombosis.



5. Treatment-related toxicity
During treatment, grade I fatigue and/or anorexia were observed in seven patients (14%), and one patient complained of pre-existing jaundice related to bile-duct tumor invasion that was aggravated during RT.
Treatment-related hematologic and hepatic toxicity profiles of patients within 6 months after receiving RT are shown in Supplementary Table 1. The most common toxicity was elevated liver enzyme levels, which was generally transient and patients typically recovered to normal levels by the next follow-up evaluation.
Four patients (8%) with liver cirrhosis and low platelet count before starting RT developed grade III thrombocytopenia (< 50,000 platelets/μL).
During follow-up, 12 patients (24%) showed signs of biliary change during their radiologic examinations (Table 3). Among these changes, eight patients were exposed to more than 40 Gy in the perihilar region, while the other four patients were not. The median time interval between receiving RT and showing initial signs of biliary change was 21.0 months (range, 2.0 to 51.9 months). Three patients developed biloma within 1 month of undergoing TACE treatment. Biliary dilation was observed in nine patients, and the dilation site was the same as the RT field in seven patients. Finally, three patients showed noticeable biliary dilation without definite evidence of tumor progression, and only two patients required intervention for biliary drainage (patients A and B). Although classic RILD was not observed in any patient, four patients (8%) showed an elevation of Child-Pugh score of ≥ 2 points within 6 months.
Table 3. Radiologic biliary change after hypofractionated RT
	Patient	Location	Biliary change	Obstruction	Interval (mo)a)	Tumor related	TACE related	Bilirubin elevation	Intervention
	A	Perihilar	Dilatation	In-field	2	Possible	No	Yes	ERBD re-insertion
	B	Perihilar	Dilatation	In-field	7	Possible	No	Yes	PTBD
	C	Non-perihilar	Dilatation	In-field	32	No	Possible	No	-
	D	Perihilar	Dilatation	In-field	13	Definite	No	Yes	PTBD
	E	Non-perihilar	Dilatation	In-field	10	Definite	No	No	-
	F	Perihilar	Dilatation	In-field	21	Definite	No	No	-
	G	Perihilar	Dilatation	In-field	24	Definite	No	No	-
	H	Perihilar	Dilatation	Out-field	52	Definite	Possible	No	-
	I	Non-perihilar	Dilatation	Out-field	25	Definite	No	No	-
	J	Perihilar	Biloma	Out-field	20	No	Definite	No	-
	K	Perihilar	Biloma	In-field	6	No	Definite	No	-
	L	Non-perihilar	Biloma	Out-field	38	Possible	Definite	No	-


RT, radiation therapy; TACE, trans-arterial chemo-embolization; ERBD, endoscopic retrograde biliary drainage; PTBD, percutaneous trans-hepatic biliary drainage.
a)Time interval of biliary change development after completion of hypofractionated RT.



6. Significant elevation of total bilirubin after RT
Four patients (8%) showed significant elevation of total bilirubin within 1 year of treatment. Among them, three patients had a Child-Pugh score elevation of two or more points within six months; one experienced elevation after additional TACE because of LP with IHP; a second had an initial Child-Pugh score of 8, which worsened due to IHP; and the third received ERBD before RT for treatment of a preexisting stricture of the common bile duct and ERBD was repeated because the first attempt failed 2 months after RT (patient A). The remaining patient with significantly elevated total bilirubin had jaundice during RT, and underwent PTBD insertion 7 months after completing RT (patient B). Patients A and B received 10 fractions of 5 Gy. The patient’s PTBD MRI results before and after RT are shown in Fig. 2. He received hypofractionated RT directed at the tumor, which had invaded the anterior branch of the right hepatic duct. After 5 months, the patient showed a partial response, however, his bilirubin levels continued to increase, which resulted in a narrowing of the main duct at the conjunction level, as observed on PTBD.
[image: Fig. 2.]
Fig. 2. Biliary stricture after hypofractionated radiation therapy (RT) in unresectable hepatocellular carcinoma. The tumor in segment 8 invaded the bile duct at the hilum side (A, B). The tumor regressed over 4 months following RT (C, D), but the patient experienced concurrent continuous aggravated jaundice (E) and, above the irradiated area, bile duct dilatation was confirmed after percutaneous bile duct drainage (F). Target lesion (white arrow, before RT; yellow arrow, after RT).



Discussion
In terms of patient survival, local tumor control is one of the most important aspects of oncological treatment. In fact, further therapeutic management is almost meaningless in the absence of local control. Likewise, local control is necessary to improve survival in HCC cases, even though IHP will develop during the follow-up period in almost all patients who do not receive a liver transplant [14]. In cases of TACE failure for unresectable HCC patients, there is no other broadly accepted approach for local management; sorafenib is currently the only confirmed treatment option [2,3]. However, response to sorafenib for localized tumor lesions is generally poor [2]. Many investigators are still trying to find a more cost-effective and beneficial modality for local control in unresectable HCC cases.
The recent development of a technique and equipment for performance of RT with respiratory motion management makes it possible to deliver a controllable or even ablative dose to the tumor while introducing an acceptable level of toxicity to the surrounding normal liver tissue [5-7]. Although this was not a randomized study design and the outcome was based on a relatively small number of cases, several prospective and retrospective studies have reported that local control with a higher dose RT, such as SABR, was as high as that received from RFA [6,7]. Based on these results, some radiation-oncology investigators proposed adaption of RT as the next line of management according to the BCLC guidelines [15,16]. In addition, recent guidelines from the Korean Liver Cancer Study Group recommend RT as an alternative modality in cases of unresectable, TACEunresponsive, or refractory HCC [17].
Despite the effectiveness of RT, including SABR, according to multiple prospective as well as retrospective studies, there is still concern regarding RT toxicities in HCC management. Classic RILD, the most serious RT-associated toxicity, has been scarcely reported in recent years due to several predictive models of normal liver toxicity, which are based on previous experience, and advanced RT technology [8]. Gastroduodenal toxicity, another serious complication, has also been extensively studied and can be optimally managed [18,19].
On the other hand, radiation-induced biliary complications, like bile-duct stricture, necrosis, and/or cholangitis, are persistent problems that complicate high-dose RT guidelines [10,11]. Radiation-induced biliary complications were reported in early studies on the use of external-beam RT, and were thought to result from injury to the ductal cells and microvessels, leading to progressive microvasculitis and hypoxia [10].
Other modalities besides RT can cause biliary complications in HCC patients. RFA can induce direct thermal injury to the bile duct, and the surgical process, in general, can also cause biliary complications [20,21]. Most frequently, TACE can cause biliary cellular apoptosis and/or necrosis due to hypoxia via occlusion of macro- and/or micro-vessels [22].
In fact, contrary to concerns, biliary complications are currently not common after external hypofractionated RT. In the current study, only two patients (4%) experienced biliary strictures that could possibly be related to RT. These patients had tumors located in the perihilar region, and the incidence of stricture was increased to 7.4% when focusing on the perihilar region. It is important to note, however, that biliary narrowing and strictures were already present and progressing by the time these patients underwent RT. In addition, there was a possibility that these biliary strictures were related to the primary tumor with or without progression.
The bile-duct complication rate after high-dose RT has been rarely reported in the medical literature [7]. In a previous study, only one of 166 patients experienced biliary stenosis after proton-beam therapy [23] and, in another study, one of 50 patients showed exceptional biliary stenosis after five fractions of 35 to 50 Gy SABR [24]. The complication rate from high-dose hypofractionated RT or SABR was as low as 1%-2%, much lower than that of the other standardized modalities described above.
In this study, we analyzed extended follow-up results from patients who received high-dose hypofractionated RT for unresectable, TACE-unresponsive, or refractory HCC. Our results were consistent with previously reported favorable results, indicating that RT offers > 85% local control and OS was > 55% at 3 years. In addition, these results are comparable with previous results from TACE and SABR studies [7,25].
PFS after high-dose hypofractionated RT was not significantly better than after other treatment modalities: the median PFS was 8 months and approximately 90% of patients progressed within 3-year post-treatment. As our enrolled patients might have had a higher propensity toward IHP due to a history of multiple management strategies and the presence of recurrent tumors, a direct comparison of PFS outcomes between RT and other modalities was not possible. For these unresectable, TACE-unresponsive, or refractory HCC patients, active control of IHP after high-dose hypofractionated RT might be the most crucial task for improving clinical outcomes. Adjuvant usage of sorafenib could be a good option in this situation; theoretically, these two methods can complement each other for improved HCC management. The Radiation Therapy Oncology Group 1112 will provide valuable information on this topic.
This study had several limitations. Most importantly, there was an unavoidable selection bias due to the retrospective, single institution design, which limits our ability to generalize our findings. In addition, the small number of cases decreased the power of our finding that high-dose hypofractionated RT has a significant effect in treatment of unresectable HCC.

Conclusion
After long-term follow-up of patients who underwent high-dose hypofractionated RT, the patients’ outcomes were comparable to those of patients who received SABR in a different study, indicating that high-dose hypofractionated RT is a valuable alternative local modality for treatment of unresectable, TACE-unresponsive, or refractory HCC. Biliary complications associated with high-dose hypofractionated RT were minimal and do not present a significant obstacle to treatment plans. A randomized phase III study investigating the efficacy and safety of high-dose RT in unresectable, TACE-unresponsive, or refractory HCC is currently underway.
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