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Stereotactic body radiotherapy combined with
transarterial chemoembolization for huge (=10 cm)
hepatocellular carcinomas: A clinical study
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Abstract. This study was conducted to evaluate the safety
and efficacy of stereotactic body radiotherapy (SBRT)
combined with transarterial chemoembolization (TACE) for
huge (=10 cm) hepatocellular carcinomas (HCCs). Between
May, 2006 and December, 2012, 72 patients with huge HCCs
were treated by SBRT following incomplete TACE. The
median total dose of 35.6 Gy was delivered over 12-14 days
with a fractional dose of 2.6-3.0 Gy and 6 fractions per week.
The patients were classified into those with tumor encapsula-
tion (group A, n=33) and those without tumor encapsulation
(group B, n=39). The clinical outcomes of tumor response,
overall cumulative survival and toxicities/complications were
retrospectively analyzed. Among the 72 patients, CR, PR, SD
and PD were achieved in 6 (8.3%), 51 (70.8%), 9 (12.5%) and
6 patients (8.3%), respectively, within a median follow-up of
18 months. The objective response rate was 79.1%. The overall
cumulative 1-, 3- and 5-year survival rates and the median
survival time were 38, 12 and 3% and 12.2 months, respectively.
In group A, the overall cumulative 1-, 3- and 5-year survival
rates were 56, 21 and 6%, respectively, with a median survival
of 19 months; in group B, the overall cumulative 1-, 3- and
5-year survival rates were 23, 4 and 0%, respectively, with a
median survival of 10.8 months (P=0.023). The treatment was
well tolerated, with no severe radiation-induced liver disease
and no reported > grade 3 toxicity. Tumor encapsulation was
found to be a significant prognostic factor for survival. In
conclusion, the combination of SBRT and TACE was shown
to be a safe and effective treatment option for patients with
unresectable huge HCC.
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Introduction

Hepatocellular carcinoma (HCC) is most prevalent in
developing countries; however, its incidence was reported
to be on the increase in North America (1). HCC is one of
the most common malignancies worldwide (2) and the third
leading cause of cancer-related mortality (3), with an overall
5-year survival rate of merely 3-5% (4). It was reported that
10-20% of newly diagnosed HCCs are >10 cm in diameter (5).
Although there are various treatments for HCC, including
surgery (hepatic resection and liver transplantation), percuta-
neous ethanol injection (PEI), radiofrenquency ablation (RFA)
and transarterial chemoembolization (TACE), the treatment
options for huge (=10 cm) HCCs are limited. PEI, RFA and liver
transplantation are not considered suitable treatment modali-
ties for large HCCs (6-8). Hepatic resection is considered the
treatment of choice for HCC; however, a tumor recurrence
rate of 50-60% remains a significant issue following curative
resection (9). Furthermore, a number of patients have unresect-
able HCCs (10,11). TACE alone is unsatisfactory, particularly
for large tumors (12). Therefore, there is a need for effective
treatments for huge HCCs. Despite the lack of randomized
controlled trials, radiotherapy is becoming recognized as a
potentially curative treatment option (13). Conformal radio-
therapy (CRT) for HCC was reported to exert a significant
effect (14-16), as was SBRT (17-20). However, the number of
studies on the application of CRT and SBRT for the treatment
of huge HCCs is limited. Thus, it remains to be determined
whether SBRT is feasible, safe and effective in the treatment of
huge HCCs. In order to expand the use of SBRT as an effective
treatment for patients with huge HCCs, in this study, we retro-
spectively analyzed the clinical outcomes of 72 such patients
treated with a combination of SBRT and TACE.

Methods and materials

Patient eligibility. In this retrospective study, data were
collected from the Tumor Radiotherapy Center of Fuzhou
General Hospital. A total of 1,086 consecutive HCC patients
were treated with gamma-ray SBRT between May, 2006 and
December, 2012 and 72 patients were ultimately included in
the study after a retrospective review following Institutional
Review Board approval. The inclusion criteria were as follows:
i) inoperable tumor; ii) tumor sized =10 cm; iii) Child-Pugh
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class A or B; iv) Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) of 0-2; v) no extrahepatic metastasis;
vi) treatment with SBRT combined with incomplete TACE;
vii) no history of hepatic radiotherapy. The included patients
had undergone contrast-enhanced computed tomography (CT),
magnetic resonance imaging (MRI) and/or positron emission
tomography of the abdomen. The blood tests included hepa-
titis B surface antigen, antibody to hepatitis C virus, serum
o-fetoprotein (AFP), serum creatinine, albumin, alanine
transaminase and total bilirubin. HCC was diagnosed by
cytological/histological evidence (n=65), one radiological
image showing the characteristic features of HCC together
with an elevated AFP level (>400 ng/ml) (n=5), or at least
2 radiological images showing the characteristic features of
HCC (n=2). The 72 patients were classified into those with and
those without tumor encapsulation (group A, 33 patients and
group B, 39 patients, respectively).

Treatment. TACE was performed with infusion of a mixture of
5-10 ml of iodized oil (Lipiodol; Laboratoires Guerbet, Roissy-
Charles-de-Gaulle Cedex, France) and 1 mg/kg cisplatin
(Dong-A Pharmaceutical Co. Ltd., Seoul, Korea), followed
by gelatin sponge cubes (Gelfoam; Upjohn Co., Kalamazoo,
MI, USA). The feeding arteries of the tumor were carefully
selected for TACE in order to preserve the liver function as
much as possible. TACE was performed without Lipiodol to
prevent severe damage to normal liver when there was an
arterial portal shunt. SBRT was administered using the total
body gamma-ray stereotactic radiotherapy system 2-4 weeks
after TACE. Briefly, the patients were immobilized by vacuum
cushions and underwent a CT scan in the supine or prostrate
position. The CT data were transferred to the SBRT Treatment
Planning System (SGI; Southeast University, Nanjing, China).
The body surface, tumor contour and important normal
tissues were reconstructed to display three-dimensional
representation. The clinical target volume (CTV) is defined
as the macroscopic volume of the tumor. The planning target
volume (PTV) was created by symmetrically expanding the
CTV by 0.5 cm. The position, number and size of focused
fields were elaborately selected to enhance the dose for the
PTV but minimize the dose to the normal tissues and the
irradiated volumes. The generated dose-volume histogram and
isodose curves were used to evaluate the treatment planning.
Dose prescription was normalized at 50 or 55% isodose curve.
Verification films were taken to verify the tumor localization
and the patient's position prior to SBRT. The median total dose
of 35.6 Gy was delivered over 12-14 days with a fractional dose
of 2.6-3.0 Gy and 6 fractions per week. The total and fractional
dose depended on the predicted toxicity of normal tissues and
the functional liver reserve. All the patients had one day of
rest after every 6 consecutive fractions of treatment. Written
informed consent was obtained from each patient prior to
treatment with TACE and SBRT.

Evaluation of response, survival and toxicity. The patients
were weekly assessed by complete blood counts and liver
function tests during the course of the treatment. Tumor
response within the radiotherapy field was based on CT and/or
MRI scans 4 weeks after the completion of the treatment and
at 1- to 3-month intervals thereafter. According to the World
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Health Organization criteria (21), complete response (CR) was
defined as disappearance of the tumor, partial response (PR)
as a >50% decrease in tumor size, progressive disease (PD)
as a >25% of in-field tumor growth and stable disease (SD)
as neither PR nor PD. The sum of CR and PR was defined
as objective response (OR). Survival time was estimated from
treatment initiation to the date of death or the last follow-up.

Acute and late toxicities were assessed using the National
Cancer Institute Common Toxicity Criteria, version 2.0, and
the Late Radiation Morbidity Scoring Scheme of Radiotherapy
Oncology Group/European Organization for Research and
Treatment of Cancer, respectively.

Statistical analysis. The overall survival (OS) rate was calcu-
lated using the Kaplan-Meier method. The log-rank test was
used to identify the predictive factors for survival. For multi-
variate analysis to evaluate the association between the OS and
various parameters, the stepwise procedure was performed
using the Cox regression model. P<0.05 was considered to
indicate a statistically significant difference. The statistical
analyses were conducted using the SPSS 16.0 statistical soft-
ware package (SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics. The two groups of patients were
compared by age, gender, tumor size, ECOG PS, Child-Pugh
classification, fractional dose and delivered total dose. The
characteristics of the investigated patients are compared in
Table I.

Tumor response. Among the 72 patients, CR, PR, SD and PD
were observed in 6 (8.3%), 51 (70.8%), 9 (12.5%) and 6 patients
(8.3%), respectively, within a median follow-up of 18 months.
The OR rate was 79.1%. In group A, 2 patients (6.1%) had in-field
recurrence and 5 patients (15.2%) developed intra-and/or extra-
hepatic metastases within 1 year. In group B, 4 patients (10.3%)
had in-field recurrence within 8 months and 13 patients (33.3%)
developed intra-and/or extrahepatic metastases within 1 year.
None of the patients in group B achieved a CR. The tumor
responses in the two groups are compared in Table II.

Survival outcomes. The follow-up period ranged between 4 and
70 months (median, 18 months). The Kaplan-Meier survival
analysis indicated an overall cumulative median survival
of 12.2 months (range, 7.6-66.4 months; Fig. 1). The overall
cumulative 1-, 3- and 5-year survival rates assessed by the life
table (survival) analysis were 38, 12 and 3%, respectively. A
multivariate analysis was performed using the Cox regres-
sion model. The results indicated that age, gender, ECOG PS,
tumor size, delivered dose and AFP level were not associated
with overall cumulative survival. However, patient grouping
(A vs. B) was associated with overall cumulative survival. In
group A, the overall cumulative 1-, 3- and 5-year survival rates
were 56, 21 and 6%, respectively, with a median survival of
19 months. The results were significantly better compared to
those in group B, in which the overall cumulative 1-, 3- and
5-year survival rates were 23, 4 and 0%, respectively, with a
median survival of 10.8 months (P=0.023). Child-Pugh class
(A vs. B) was also associated with overall cumulative survival,
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Table I. Characteristics of the included patients.

Group A Group B
Variables Values No. of patients (%) Values No. of patients (%)
Age, years 41-69 (54) 38-66 (51)
range (mean)
Gende
Male 27 (81.8) 30 (76.9)
Female 6 (18.2) 9 (23.1)
ECOG PS
0 3 (9.1 0 (0.0
1 22 (66.7) 29 (74.4)
2 8 (24.2) 10 (25.6)
Child-Pugh class
A 24 (72.7) 28 (71.8)
B 9 (27.3) 11 (28.2)
AFP, ng/ml
>400 27 (81.8) 32 (82.1)
<400 6 (18.2) 7 (17.9)
HBsAg-positivity 25 (75.8) 29 (74.4)
Anti-HCV-positivity 4 (12.1) 5 (12.8)
C/H confirmation
Yes 30 (90.9) 35 (89.7)
No 3 9.1) 4 (10.3)
Delivered dose, Gy 33.8-39.0 (35.7) 33.8-39.0 (354)
range (median)
Fractional dose, Gy 2.6-3.0 (2.8) 2.6-3.0 (2.8)
range (median)
Tumor size, cm 10.8-16.5 (12.6) 10.2-17.6 (13.1)

range (median)

ECOG PS, Eastern Cooperative Oncology Group performance status; C/H, cytological/histological; AFP, a-fetoprotein; HBsAg, hepatitis B
surface antigen; HCV, hepatitis C virus.

Table II. Response of huge HCCs treated by SBRT combined Survival function
Wlth TACE. 1.0+ —I1 Survival function
—— Censored
No. of patients (%)
0.8
Type of response Group A Group B
Complete response (CR) 6 (18.2) 0 (0.0) g o ‘;
Partial response (PR) 24 (72.7) 27 (69.2) 5
Stable disease (SD) 1 (3) 8 (205) £ o k
Progressive disease (PD) 2 (6.1) 4 (10.3)
Objective response (OR=CR+PR) 31 (90.9) 27 (69.2) osd L
0,07
the overall cumulative 1-, 3- and 5-year survival rates of Child- %0 100 0 W0 40 00 0 70
Pugh class A patients were 57.2, 23.6 and 8.2%, respectively, Survival time (months)

vs. 35.4, 6.5 and 0% in Child-Pugh class B patients. However,

. 7 .. & .. P _ Figure 1. Overall survival of huge HCC treated with a combination of ste-
the difference W.as not st.atlstlcally SIgmﬁcant (P=0.068). The reotactic body radiotherapy and transarterial chemoembolization. Cum,
overall cumulative survival of the two groups (A vs. B) and  cumulative.
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Table III. Complications and toxicities due to stereotactic body radiotherapy.

Grade
1 2 3

Complication/toxicity No. (%) No. (%) No. (%)
Edema 2 (2.8)
Anemia 1 (14)
Gastrointestinal toxicity 3 (42) 4 (5.6)
Fatigue 18 (25.0) 10 (13.9)
Nausea 6 (8.3) 4 (5.6)
Dermatitis 5 (6.9) 13 (18.1) 34.2)
Elevated liver function tests 1 (14) 3 4.2

Survival Tunetion: . Child-Pugh classes (A vs. B) is shown in Figs. 2 and 3, respec-
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Figure 2. Overall survival stratified by group A (tumor with encapsulation)
vs. group B (tumor without encapsulation). Cum, cumulative.
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Figure 3. Overall survival stratified by Child-Pugh classification
(class A vs. B). Cum, cumulative.

tively.

Toxicity. All the patients completed the treatment with no
severe radiation-induced liver disease (RILD) observed during
the median 18-month follow-up period (range, 4-70 months).
Grade 1-2 liver and gastrointestinal toxicity were observed
in 4 (5.6%) and 7 (9.8%) patients, respectively. The most
common complication was fatigue, which was observed in
28 patients (38.9%). Dermatitis was also frequently encoun-
tered. The most severe complication was grade 3 dermatitis,
which was observed in 3 patients (4.2%). The tumor diam-
eter in those 3 patients was =16 cm (16.5, 16.8 and 17.6 cm,
respectively) and the tumors were adjacent to the skin. The
complications and toxicity are summarized in Table III.

Discussion

Treatment options for huge (=10 cm) HCCs are limited. Large
tumors are more likely to recur (22-25), as they harbor unrec-
ognized small vessel tumor invasion (26). Furthermore, large
tumors may portend worse biological behavior due to genetic
factors which are currently unknown (27).

In this study, the outcomes of 72 patients with huge HCCs
treated with a combination of TACE and SBRT were retro-
spectively analyzed. The rationale for this combined treatment
was based on the following evidence: First, the efficacy of
TACE alone for patients with unresectable HCC has been
unsatisfactory (12,28,29); second, the deposit of iodized oil
after TACE may help in more accurate contouring of the
margin of gross tumor volume (GTV) in SBRT; and third, the
irradiation dose delivered to the liver may be reduced, as the
tumor often shrinks due to TACE.

The outcomes in this study demonstrated that huge
HCCs treated with this combination therapy may achieve
a high objective response rate (79.1%) and a low incidence
of recurrence (8.3%). In addition, this combined modality
may prolong patient survival (the overall cumulative median
survival was 12.2 months and the overall cumulative 1-, 3-
and 5-year survival rates were 38, 12 and 3%, respectively).
Tumor encapsulation was found to be a significant prognostic
factor for survival, as encapsulated tumors treated with this
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combined therapy achieved better results compared to unen-
capsulated tumors, which is in accordance with previously
reported results (30,31). In contrast to other findings (32),
the Child-Pugh class was associated with overall cumulative
survival in this study, although the difference was not statisti-
cally significant (P=0.068).

The survival of patients with encapsulated tumors in
this study was comparable to the survival of patients with
huge HCCs treated by resection; however, the incidence of
recurrence of huge HCCs treated with the current combined
modality was significantly lower compared to that following
resection (33). In addition, the eligibility criteria for patients
were significantly different, as patients treated by resection
should be strictly selected (34). The outcomes in this study
were also comparable to those previously reported (35). Of
note, there was no severe toxicity observed in this study. This
may be due to the fact that gamma-ray SBRT is able to easily
meet the requirement of limiting the irradiation of normal liver;
30 beams of gamma-rays revolve around an axis and then shape
the focused field, leading to the delivery of an increased dose
to the target, while sparing the uninvolved liver. Additionally,
the PTV is encompassed by a prescription isodose curve of
50 or 55%, but =70% isodose curves are all in the GTV. The
dose delivered to the GTV was significantly higher compared
to the dose delivered to normal tissue. The striking difference
of the dose between GTV and normal tissue is considered to
be the main reason that huge HCCs treated by this combined
therapy achieve high response rates without accompanying
severe toxicity. However, grade 3 dermatitis was observed
in 3 patients (4.2%). The tumor diameters of those 3 patients
were >16 cm (16.5, 16.8 and 17.6 cm) and the tumors were
adjacent to the skin. Additionally, the fractional dose was as
high as 3 Gy. The development of grade 3 dermatitis reflects
the shortcomings of the technology in the treatment of such
tumors (>16 cm) that are adjacent to skin. Although the beams
of gamma-rays revolve around an axis and then shape the
focused field, the direction of the axis is perpendicular. Several
fields are required for a huge tumor, so that the prescription
isodose curve (50 or 55%) encompasses the PTV. The skin
(including the subcutaneous tissue) is at the entrance channel
of each focused field. The dose delivered to the skin by each
focused field is quite small, but dermatitis of proximal skin
may be caused when numerous fields are merged. Dermatitis,
particularly grade 3 dermatitis, may be avoided by lowering
the fractional dose.

The delivered total dose and fractional dose in this study
depended on the predicted toxicity of normal tissues and the
functional liver reserve. In conventional radiotherapy, patients
generally receive the treatment over 35-49 days (5-7 weeks)
and 5 consecutive fractions per week, with a daily fraction of
2 Gy. Since the longer the treatment period, the more the dose
is reduced, Toya et al (36) suggested that it may be more appro-
priate for HCC patients to be treated with radiotherapy over a
shorter period of time. In the present study, all the patients
received the SBRT treatment over 12-14 days, with a daily
fraction of 2.6-3.0 Gy and 6 fractions per week. Although the
fractional dose was higher compared to conventional radio-
therapy, the treatment period was significantly shorter.

There were certain limitations to this study, mainly due to
its retrospective design. For example, the treatment schedules
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were mainly determined by disease progression. In addition,
the association between the radiation dose and the liver volume
was not investigated. Therefore, a randomized trial may be
required to determine the role of individual SBRT combined
with TACE in the treatment of huge HCCs.

In summary, the outcomes demonstrate that combined treat-
ment with SBRT and TACE is a safe, effective and promising
option for unresectable huge HCCs. Further randomized trials
are required to confirm the utility of this combined modality.
Of note, patients with tumors >16 cm that are adjacent to the
skin should be irradiated with a small fractional dose.
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