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Purpose: To investigate whether local radiotherapy (RT) is valuable for patients with multiple hepatocellular car-
cinomas (HCCs).
Methods and Materials: From July 1992 to August 2006, 107 patients with unresectable HCC were treated with
local RT after incomplete transcatheter arterial chemoembolization (TACE). The RT field included a main tumor
with or without other tumor nodules, depending on the effectiveness of TACE. The median RT dose was 50.4Gy in
conventional fractionation. Patients were categorized into four groups: Group 1, single tumor (39 patients); Group
2, multiple tumors within the RT field (25 patients); Group 3, controlled tumors out of the RT field (19 patients);
and Group 4, tumors that remained viable out of the RT field (24 patients).
Results: Group 1 showed the best survival rate (MST, 35 months; 2-year OS, 60%) and Group 4 the worst (MST,
5 months; 2-year OS, 16%). Group 2 and Group 3 showed similar survival (MST, 13 vs. 19 months; 2-year OS, 35%
vs. 46%; p = 0.698). Significantly worse intrahepatic control in Group 4 was observed. The survival in Groups
2 and 3 (MST, 16 months) was significantly different from that in Group 4 (p = 0.004), and was marginally signif-
icant compared with that in Group 1 (p = 0.051).
Conclusions: Local RT to the main tumor could be applicable in well-controlled intrahepatic tumors out of the RT
field. Patients with viable intrahepatic tumors out of the RT field showed worse survival. In future clinical trials,
these patients need to be excluded. � 2010 Elsevier Inc.

Radiotherapy, Transcatheter arterial chemoembolization, Hepatocelluar carcinoma, Multiple intrahepatic
tumors, Survival.

INTRODUCTION

Hepatocellular carcinoma (HCC) usually develops in patients

with underlying cirrhosis or chronic active hepatitis. HCC is

considered a pathologic organ condition, and the first nodule

detected seems to progress to multiple lesions (1). In addi-

tion, multiple intrahepatic tumors can result because of intra-

hepatic metastasis or metachronous multicentricity of HCC

(2). Even for patients who have undergone resection, multi-

centricity is already present in 50% of early-stage patients,

and approximately 30% to 70% will eventually present

with other nodules in the liver as metachronous tumors or

intrahepatic metastasis (1, 3).

Transcatheter arterial chemoembolization (TACE) has

been widely used in the treatment of multiple intrahepatic tu-

mors, and its efficacy in enhancing survival has been reported

(4–8). However, TACE alone is less satisfactory, particularly

for large tumors that have a complicated blood supply and

show a high incidence of residual viable tumor even after

repeated treatment (9–12). With the advance of selective

(segmental and subsegmental) TACE, satellite or daughter

nodules can be effectively treated (13). Therefore, multiple

intrahepatic tumors, which consist of large main tumor and

satellite nodules, need tailored strategies for each lesion. A

combination of different modalities to large tumors with

unsatisfactory TACE response is still necessary, even in mul-

tiple intrahepatic tumors.

The combination of TACE and three-dimensional confor-

mal radiotherapy (RT), which enables delivery of higher

doses to a targeted portion of the liver, has been reported to

have a substantial effect (14–18). Despite the lack of random-

ized controlled trials, RT is becoming recognized as a poten-

tially curative option (19). However, the efficacy of local RT
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to supplement an incomplete response to TACE in patients

with multiple intrahepatic tumors has not been defined.

The purpose of this study was to evaluate the clinical out-

come of local RT directed only to the main tumor area in pa-

tients with multiple intrahepatic tumors. We investigated

whether the presence and viability of HCC out of the RT field

affected survival, and we evaluated the benefits of local RT in

patient subgroups.

METHODS AND MATERIALS

Patient selection
Between February 1992 and December 2006, 302 patients with

unresectable HCC underwent local RT with TACE. After retrospec-

tive chart review with institutional review board approval, 107 pa-

tients were included in this study. The diagnosis of HCC was

based on histologic features or HCC-compatible radiologic findings

in computed tomography (CT), magnetic resonance imaging (MRI),

or hepatic angiography, and a serum alpha-fetoprotein (AFP) values

of >400 IU/ml. In patients with an AFP levels #400 IU/ml, a diag-

nosis of HCC was made if radiologic findings compatible with HCC

were observed in at least two imaging modalities. Eligibility criteria

included the following: Child-Pugh class A or B, Eastern Coopera-

tive Oncology Group (ECOG) performance score 0 to 2, tumor size

>5 cm, T2 or T3 stage by the Liver Cancer Study Group of Japan,

TACE as the primary treatment before RT, and local RT targeting

the major tumor with incomplete TACE. Failure of TACE was

based on incomplete tumor filling with lipiodol or presence of a vi-

able tumor area on angiography, CT, or MRI. Exclusion criteria

were ECOG performance score of 3 or 4 (3 patients), Child-Pugh

class C (18 patients), tumor thrombi to the main or first branch of

portal vein, main hepatic vein, or inferior vena cava (93 patients),

extrahepatic metastasis including lymph nodes (30 patients), subop-

timal RT dose <30 Gy (33 patients), and no TACE as initial treat-

ment (35 patients). Pretreatment evaluation consisted of

a complete medical history and physical examination, routine blood

counts and liver function tests, and a dynamic helical CT scan of the

liver and/or hepatic angiography. Radiography or CT of the chest,

whole-body bone scan, and/or positron emission tomography

were performed when indicated. All tumors were staged before

RT according to the Liver Cancer Study Group of Japan (20).

The median patient age was 56 years (range, 31–75 years), and

the majority of patients were male (85 patients, 79%). The numbers

of patients in ECOG scales 0, 1, and 2 were 6, 78, and 23, respec-

tively. Most patients were in Child-Pugh class A (93 patients,

87%). Median tumor size was 8 cm (range, 5–18 cm). In T staging

according to the Liver Cancer Study Group of Japan, stage T2 was

observed in 39 patients (36%) and T3 in 68 patients (64%).

RT and multimodality therapy
Total dose was determined by the fraction of the non-tumor liver

tissue that received 50% of the isocenter dose as follows: if the
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Fig. 1. Classification of patients according to the number of tumors, and presence and viability of intrahepatic tumors
outside the radiation field. The dotted area indicates viable tumor and the white area indicates complete lipiodolization.
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