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Impact of tumor size on outcome after
stereotactic body radiation therapy for
inoperable hepatocellular carcinoma
Hsing-Tao Kuo, MDb,e, Jenny Que, MDa,c,∗, Li-Ching Lin, MDa,d, Ching-Chieh Yang, MDa,
Lok-Beng Koay, MDb, Chia-Hui Lin, MDa

Abstract
Stereotactic body radiation therapy (SBRT) for inoperable hepatocellular carcinoma (HCC) offers excellent local control rates. This
study retrospectively analyzed the influence of different tumor size on treatment outcomes after SBRT.
Between December 2008 and February 2014, 141 HCC patients were treated with Cyberknife SBRT. Patients were divided into 3

groups namely small tumors (�4cm), intermediate-sized (>4–<10cm), and large (≥10cm) tumors. Treatment outcomes,
prognoses, and safety at each tumor size were compared and analyzed.
A total of 52 patients with small tumors, 55 with intermediate tumors, and 34 patients with large tumors were retrospectively

analyzed with a median follow-up of 16 months. Objective responses were achieved at 96.15%, 90.90%, and 76.47% for small,
intermediate, and large tumors, respectively (P� .0001) and the 3-year local control rates were 97.85%, 71.99%, and 82.14%,
respectively (P= .0035). The 3-year overall survival rates were 50.26%, 45.29%, and 33.38% for small, intermediate, and large
tumors, respectively (P= .3757). No significant differences were found in overall-survival, intra-hepatic recurrence free survival,
disease-progression free survival, or distant metastasis-free survival.
SBRT offers the best effective local control rate and response rate for small HCCs. However, tumor size did not significantly affect

the overall survival rate, intra-hepatic recurrence free rate, or disease-progression free rate.

Abbreviations: BCLC= Barcelona clinic liver cancer stage, BED= biological effective dose, CR = complete response, CTV =
clinical target volume, ECOG = Eastern Cooperative Oncology Group, GTV= gross tumor volume, HCC= hepatocellular carcinoma,
NTD= normalized total dose, PD= progressive disease, PR= partial response, PTV= planning target volume, RFA= radiofrequency
ablation, RILD = radiation-induced liver disease, SBRT = stereotactic body radiation therapy, SD = stable, TACE = transarterial
chemoembolization.
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1. Introduction
Hepatocellular carcinoma (HCC) is one of the most common
malignancies and constitutes the third most common cause of
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cancer-related death globally. Surgical resection, liver transplant,
and radiofrequency ablation (RFA) for tumors �3cm are the
only curative treatments.[1–3] However, a substantial number of
HCC patients remain ineligible for these standard treatments.
Transarterial chemoembolization (TACE) is the most common
alternative, but its local control rate is inferior to that obtained
using resection and RFA. The 3-year local control rate from
superselective TACE has been reported to be 65% for patients
with HCCs <5cm in diameter.[4]

Due to recent advances in computer and imaging technologies,
stereotactic body radiation therapy (SBRT) has become a safe and
feasible technique for HCC patients with radiation-induced liver
disease (RILD) rates of �5%. SBRT has emerged as a treatment
option for HCC patients who are ineligible for surgery, RFA, or
liver transplant. Studies in HCC patients treated with SBRT have
shown high local control rates of 70% to 100%.[5–8]

Until recently, the published literature rarely mentioned
outcomes after SBRT based on different tumor sizes. In RFA
and transcatheter arterial embolization (TAE), tumor size was
proven to be a major independent predictor of survival and local
control rate. HCCs <5cm tended to respond favorably after
treatment with either RFA or TAE.[9–11] Larger tumors are at
greater risk,whenusingSBRT,notonly for lossof local control and
toxicity due to larger irradiated volumes, but regional and distant
failures as well. However, it is still unknown whether a tumor size
threshold exists beyond which local control is compromised. In
addition, it is still unclear whether SBRT of smaller HCCs would
produce better outcomes than treatment of larger tumors.
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This study reviewed a single institution’s experience using
SBRT in treating inoperable HCC with the aim to examine the
impact of tumor size on local control, overall survival,
intrahepatic recurrence free rate, and toxicity after SBRT.
2. Methods and materials

2.1. Patient selection

Written informed consent was obtained from all patients before
treatment and the study was approved by the Institutional
Review Board of Chi Mei Medical Center.
Using research ethics board approved single institution

protocol, 141 inoperable HCC patients were treated with
Cyberknife SBRT between December 2008 and February 2014.
Patients were included in our study based on the following

criteria: pathological confirmation of HCC; at least 1 radiological
image with the classic HCC feature of enhancement accompanied
bya level of serum tumormarker alpha fetoprotein (AFP)>200ng/
mLorat least 2 radiological images (CT/MRI/Angiogram)with the
classic imaging findings of HCC; patients with unresectable,
medically inoperable HCC; an ECOG performance status �2.
Patients with multiple extrahepatic metastases, those with

previous radiation therapy of the liver, SGOT and SGPT levels
≥2.5 times higher than the upper limit, a Child-Pugh score ≥7,
intractable ascites, tumor closely attached to esophagus,
stomach, duodenum and bowel, and a normal liver volume
<700cm3 were excluded from treatment.
Mandatory baseline examinations included dynamic magnetic

resonance imaging (MRI) and/or triphasic computed tomography
(CT) of the liver, complete blood chemistry, liver function tests,
hepatitis B and C antigens and viral titers, AFP level, and chest x-
ray images. Patients with positive hepatitis B surface antigen
(HbsAg) or elevated hepatitis B viral titers were given prophylactic
anti-retroviral therapy from the start of SBRT to at least 6 months
after treatment for prevention of post-RT reactivation of HBV.[12]

The characteristics and disease variables of the 141 patients
divided into 3 specific groups namely small tumors (�4cm),
intermediate-sized (>4–<10cm), and large (≥10cm) tumors at
the time of radiation treatment are summarized in Table 1. The
patients’ ages ranged from 31 to 91 years with a median age of 66
years and male gender predominated. Median follow-up time
was 16 months (range, 2–72 months).
3. Treatment details

3.1. SBRT

SBRTwas performed using the Cyberknife, a robotic image-guided
whole body radiosurgical system equipped with the synchrony
system (i.e., a real-time respiratory tracking system for target
volumes thatmovewith respiration. The contouringwas performed
on the planning CT with contrast. All patients were positioned on
individually shaped vacuum pillows andwore a treatment jacket on
which the optical markers were fixed. Any displacement of the
patient during treatment was detected by either internal or external
fiducial markers with sub-millimeter accuracy.[13]
3.2. Dose specification and plan evaluation

Prescribed doses, doses per fraction, and number of fractions were
individualized based upon tumor size, location, amount of normal
liver available, andorganat risk. SBRTdoses ranged from26 to40
Gy in 5 fractions, with 26 to 40Gy in 3 to 5 fractions given to
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tumors >5cm and 39Gy in 3 fractions to tumors �5cm. Tumor
maximum diameter ranged from 1.8 to 18cm.
The SBRT doses were converted to the normalized total dose at

a fraction size of 2Gy (NTD2Gy) using a linear quadratic
equation (BED= total dose� [1+dose per fraction/a/b], a/b=10
for early responding tissue, a/b=3 for late responding tissue).
NTD2Gy (a/b=10) of SBRT ranged from 48.36 to 89.70Gy.
The gross tumor volume (GTV) included contrast-enhancing
disease visible on CT scan or MRI with contrast. No additional
clinical target volume (CTV) was added. The GTV was directly
expanded 1 to 3mm in all directions to create the planning target
volume (PTV). Modification of PTV was done if it extended into
the dose-limiting organs, except the normal liver. Radiation doses
were prescribed to the isodose line ranging from 59.9% to 96.9%
of the maximum dose and the median isodose line was 79.93%.
Treatment was delivered via the real-time tracking system using
the fiducial as a guide; planning was performed with the
MultiPlan Cyberknife Treatment Planning System version 2.10.
The protocol dose constraints for normal liver (total liver minus

cumulative GTV) specified that a minimum volume of 700mL
should receive a total dose<15Gy in 3 fractionations and 18Gy in
5 fractionations; 66.7% of the ipsilateral right kidney volume
shouldbe<15Gy in3 fractionations and18Gy in5 fractionations.
Themaximum total dose to any point in the spinal cord should not
exceed 18Gy in 3 fractionations and 21Gy in 5 fractionations, and
stomach, bowel, duodenum, heart should not exceed 30Gy in 3
fractionations and 35 to 38Gy in 5 fractionations, while the
esophagus should not receive >27Gy. Efforts were made to
minimize the dose to all normal tissues as much as possible.
3.3. Follow-up, response, and toxicity assessment

After completion of treatment, patients were then followed-up
every 1 to 2 weeks in the first month and every 3 months
thereafter. AFP levels and imaging studies (with either 4-phase
CT scanning or dynamicMRI of liver) were performed every 1 to
2 months and subsequently every 3 to 4 months.
Toxicity gradingwas performed according to Common Toxicity

CriteriaAdverse Events version 4.0. Acute toxicitieswere defined as
adverse events occurring within 3 months after SBRT, and late
toxicities were those occurring after 3 months. Radiation-induced
liver disease was defined as either classic or non-classic RILD.
Classic RILD was characterized as the presence of nonmalignant
ascites andanicteric elevationofalkalinephosphatase level twice the
upper level of normal or baseline value occurring between 2 weeks
and3monthsafter thecompletionof irradiation.Non-classicRILD,
typically occurring between 1 week and 3 months after therapy,
involves elevation of transaminase to at least 5 times the upper limit
of the normal or pretreatment level within 4 months of irradiation
completion or decline in liver function in the absence of classic
RILD.[14] This endpoint was common in HCC patients with poor
liver function (i.e., hepatitis B infection, Child-Pugh Classes B and
C). The diagnoses of both types of RILD could be made only in the
absence of evidence of tumor progression. Toxicity grading was
recorded based on the worst toxicity recorded.
Tumor response was assessed using response evaluation and

criteria in solid tumors (RECIST). Complete disappearance of the
tumor was defined as a complete response (CR), and a partial
response (PR) was defined as a decrease of >30% in the longest
diameter of the target tumors. A decrease of <30% or no change
was defined as stable (SD), and progression of>20%was defined
as progressive disease (PD). Local controlwas defined as being free
from the development of a new lesion or an increase in tumor size



Table 1

Patient characteristics (total no.=141).

Tumor size

�4cm (N=52) >4–<10cm (N=55) ≥10cm (N=34)

Parameters No. % No. % No. % P

Age, mean±SD 63.29±12.16 63.56±10.93 63.68±13.37 .9876
Follow-up time

Median (IQR)
19.5 (12–40) 15 (7–32) 14 (5–25) .1458

Age
<60 20 38.46 17 30.91 12 35.29
≥60 32 61.54 38 69.09 22 64.71 .7124

Sex
Male 41 78.85 41 74.55 28 82.35
Female 11 21.15 14 25.45 6 17.65 .6771

ECOG
0 28 53.85 22 40 11 32.35
1 20 38.46 25 45.45 21 61.76
2 4 7.69 8 14.55 2 5.88 .1675

Hepatitis
B 24 46.15 30 54.55 20 58.82
B/C 3 5.77 1 1.82 0 0
C 23 44.23 19 34.55 9 26.47
Non B non C 2 3.85 5 9.09 5 14.71 .2498

BCLC
A 13 25 2 3.64 0 0
B 11 21.15 15 27.27 4 11.76
C 28 53.85 38 69.09 30 88.24 <.0001

Child-Pugh stage
A 48 92.31 50 90.91 32 94.12
B 4 7.69 5 9.09 2 5.99 .9249

PVTT
No 43 82.69 40 72.73 14 42.42
Yes 9 17.31 15 27.27 19 57.58 .0004

BED
�72Gy10 13 25 34 62.96 29 87.88
73–88Gy10 7 13.46 3 5.56 1 3.03
≥89Gy10 32 61.54 17 31.48 3 9.09 <.0001

Tumor type
Diffuse 1 1.92 5 9.09 2 5.88
Multiple 30 57.69 34 61.82 17 50
Solitary 21 40.38 16 29.09 15 44.12 .3325

AFP
<20 17 32.69 18 32.73 11 32.35
20–400 16 30.77 15 27.27 9 26.47
>400 19 36.54 22 40 14 41.18 .9892

Previous treatment
No 19 36.54 27 49.09 26 76.47
Yes 33 63.46 28 50.91 8 23.53 .0013

Post-SBRT treatment
No 38 74.51 46 85.19 23 67.65
Yes 13 25.49 8 14.81 11 32.35 .1424

AFP= alpha fetoprotein, BCLC=Barcelona clinic liver cancer stage, BED=biological effective dose, ECOG=Eastern Cooperative Oncology Group, SBRT= stereotactic body radiation therapy.
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within the PTV. Free from intrahepatic recurrence was defined as
being free from the development of a new lesion in the liver outside
the PTV. Distant metastasis was defined as recurrence beyond the
liver. Disease progression was defined as the development of
intrahepatic recurrence and distant metastasis.
3.4. Statistical analysis

Patient characteristics in all 3 groups (tumor size�4cm,>4–<10
cm,≥10cm) were compared withMann–WhitneyU or t tests and
Fisher exact for continuous and categorical variables, respective-
ly. Overall survival curves and local control rates were calculated
3

using Kaplan–Meier analysis. Log-rank testing was used to
compare outcomes between the subsets of patient analyzed. For
all tests, two-sided P-values <.05 were considered significant.
Data were analyzed with SPSS statistics.
4. Results

4.1. Patient characteristics

Patients were divided into 3 groups based on tumor size (i.e., �4
cm, >4–<10cm, ≥10cm). Relevant treatment and tumor
characteristics are shown in Table 1. Characteristics among

http://www.md-journal.com


Table 2

Tumor response, RECIST.

Tumor size

�4cm (N=52) >4–<10cm (N=55) ≥10cm (N=34)

Parameters No % No % No % P

Complete response 40 76.92 25 45.45 5 14.71
Partial response 10 19.23 25 45.45 21 61.76
Stable 1 1.92 3 5.45 8 23.53
Tumor progression 1 1.92 2 3.64 0 0 <.0001

RECIST= response evaluation and criteria in solid tumors.
∗
Log-rank test.
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the 3 groups of patients were comparable. The proportion of
patients with small tumors (�4cm), intermediate tumors (>4–<
10cm), and large tumors (≥10cm) were 36.88% (52 patients),
39% (55 patients), and 24.11% (34 patients), respectively.
Median follow-up durations in small, intermediate, and large
tumor groups were 19.5 months (range, 12–40 months), 15
months (range, 7–32 months), and 14 months (range, 5–25
months), respectively. The proportion of Barcelona clinic liver
cancer stage (BCLC) C patients were significantly higher in all
groups, while BCLC A was relatively higher in the small tumor
group (25%) compared with the intermediate (3.64%) and large
tumor groups (0%). Patients without portal vein tumor
thrombosis were significantly higher in small (82.69%) and
intermediate tumor size group (72.73%), while large tumor
group had a larger numbers of patients with portal vein tumor
thrombosis (57.58%). Other significant differences among the 3
groups included the finding that smaller tumors (�4cm) were
more likely to be treated with higher bioequivalent dose (BED)
regimens (i.e., 39Gy/3 fractions) because of the larger amount of
normal liver volume available, while for larger tumors (because
of dose-constraints due to the smaller liver volume available), a
lower dose (40–45Gy/5 fractions) with a much lower BED was
prescribed.
4.2. Treatment outcomes

Tumor response rates are shown in Table 2. Objective response
(CR+PR) was achieved at 96.15%, 90.90%, and 76.47% for
small, intermediate, and large tumors, respectively (P� .0001).
The complete response rate was significantly higher (i.e., 40
Figure 1. A. Overall survival rate and B. Disease progression free sur
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patients [76.92%]) for small tumor size, versus 25 patients
(45.45%) for the intermediate tumor group, and 5 patients
(14.71%) the large tumor group. During the follow-up period,
local tumor progression was found in 1 patient (1.92%) in the
small tumor group and 2 patients (3.64%) in the intermediate
tumor group. The 1-, 2-, and 3-year overall survival rates were
76.92%, 55.85%, and 50.86% for the small tumor group,
60.09%, 51.32%, 45.29% for the intermediate tumor group,
and 55.88%, 38.95%, 33.38% for large tumor group,
respectively. For the small tumor group, the 1-, 2-, 3-year
disease-progression free rates were 52.63%, 42.03%, and
39.39%, respectively; for the intermediate tumor group, they
were 48.84%, 33.33%, and 31.65%, respectively, and for the
large tumor group, the 1-, 2-, 3-year disease-progression free
rates were 40%, 37.50%, and 34.78%, respectively.
The 3-year intrahepatic recurrence free-rates for small,

intermediate, and large tumor groups were 55.56%, 51.22%,
and 44.26%, respectively. According to the log-rank tests, no
significant differences in outcomes were observed among the 3
groups for any event (Fig. 1 and Table 3). However, the 3-year
local control rates for the small tumor group was significantly
higher (97.85%) than the intermediate (71.99%) or large tumor
groups (82.14%; P= .0035) (Fig. 2).

4.3. Treatment-related toxicity

Acute toxicities are listed in Table 4. The most common acute
events were Grade 1–2 fatigue, and the larger the tumor size the
more common the fatigue symptoms (48.8% for�4cm, 60% for
>4–<10cm, and 67.65% for ≥10cm). Other common acute
vival rate after SBRT. SBRT=stereotactic body radiation therapy.



Figure 2. A. Local control rate, B. Intra-hepatic recurrence free survival after SBRT. The 1-year, 2-years and 3-years local control rate for patients with tumor size of
�4cm was significantly better among the 3 groups (log-rank test P= .0035). SBRT=stereotactic body radiation therapy.

Table 3

Overall survival and control rates at 1, 2, and 3 years for different tumor size after SBRT.

Tumor size

�4cm >4–<10cm ≥10cm
Parameters 1-yr. 2-yrs. 3-yrs. 1-yr. 2-yrs. 3-yrs. 1-yr. 2-yrs. 3-yrs. P

OSR, % 76.92 55.85 50.26 69.09 51.32 45.29 55.88 38.95 33.38 .3757
Local control, % 97.85 97.85 97.85 83.51 71.99 71.99 82.14 82.14 82.14 .0035
Intra-hepatic recurrence free, % 63.27 60.39 55.56 64.36 51.22 51.22 44.26 44.26 44.26 .1577
Disease progression free, % 52.63 42.03 39.39 48.84 33.33 31.65 40.00 37.50 34.78 .1874

OSR= overall survival rate, SBRT= stereotactic body radiation therapy.
∗
Log-rank test.
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toxicities included Grade 1–2 thrombocytopenia (50% for �4
cm, 60% for >4–9cm, and 55.88% for ≥10cm) and Grade 1–2
liver enzyme abnormalities which are comparatively similar for
all tumor groups. However, larger tumor size tended to have a
higher incidence of ≥Grade 3 liver enzyme abnormalities.
Radiation-induced dermatitis was found in 3 patients (8.82%)
in the large tumor group and 1 patient (1.82%) in the
intermediate tumor group since intermediate and large tumors
Table 4

Toxicity, CTCAE v 40.

�4cm >4

Gr. 1–2 Gr. 3–4 Gr. 1–2

No. % No. % No. % No

SGOT 26 50 1 1.92 29 52.73 3
SGPT 22 42.31 3 5.77 25 45.45 2
Alk. phosphatase 5 9.62 0 0 17 30.9 1
T-Bilirubin 5 9.62 0 0 9 16.36 0
Albumin 12 23.08 0 0 25 45.45 0
Thrombocytopenia 26 50 6 11.54 33 60 4
Leukopenia 6 11.54 0 0 13 23.64 0
Anemia 14 26.92 0 0 20 36.36 0
Chestpain 6 11.54 0 0 6 10.91 0
Abdominal pain 6 11.54 0 0 3 5.45 0
Nausea 2 3.85 0 0 11 20 0
Vomiting 0 0 0 0 2 3.64 0
Fatigue 25 48.8 0 0 33 60 0
Dermatitis 0 0 0 0 1 1.82 0

5

tended to be closer to the abdominal wall and skin. In order to
avoid compromising the PTV coverage, chest wall and ribs were
not constrained. Nonetheless, all these acute side-effects were
transient and patients recovered approximately 1 to 2 weeks
later.
Twelve patients experienced ≥Grade 3 liver function alter-

ations within 3 months of SBRT including 3 patients in the small
tumor group, 4 patients in intermediate tumor group, and 5
–<10cm ≥10cm
Gr. 3–4 Gr. 5 Gr. 1–2 Gr. 3–4 Gr. 5

. % No. % No. % No. % No. (%)

5.45 1 1.82 16 47.06 3 8.82 0
3.63 1 1.82 13 38.24 1 2.94 0
1.82 0 0 17 50 2 5.88 0
0 1 1.82 5 14.71 0 0 0
0 0 0 19 55.88 0 0 0
7.27 0 0 19 55.88 0 0 0
0 0 0 2 5.88 0 0 0
0 0 0 20 58.82 0 0 0
0 0 0 9 26.47 0 0 0
0 0 0 6 17.65 0 0 0
0 0 0 15 44.12 0 0 0
0 0 0 3 8.82 0 0 0
0 0 0 23 67.65 0 0 0
0 0 0 3 8.82 0 0 0

http://www.md-journal.com
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patients in the large tumor group. All cases were Child-Pugh A.
BCLCCwas noted in 8 patients, BCLCB in 2 patients, and BCLC
A in 1 patient.
Among the causes of liver toxicity, 6 cases were due to disease

progression, 5 were non-classic RILD, and 1 was classic RILD.
Among the 5 patients with non-classic RILD, 3 were in the
intermediate tumor group and 2 belonged to small tumor group,
while 1 classic RILD was in the large tumor group. All patients
eventually recovered to their previous levels at 1 to 3months after
SBRT. However, a 54-year-old male patient with cT3bN0M0
HCC,HBV liver cirrhosis, Child-PughA, and intermediate tumor
size went into liver failure after reactivation of HBV titers from
failure of prophylactic anti-retroviral medication who died 2
months later.
5. Discussion

SBRT is regarded as a therapeutic option in the management of
HCC. Studies of HCC patients treated with SBRT have
demonstrated local control rates of 70% to 100%, and it seems
that SBRT can increase the local control rate of non-surgical or
non-RFA patients, compared with TACE alone. For convention-
ally fractionated radiation therapy, the probability of tumor
control depends on many factors, including tumor size and
radiation dose regimen. All else being equal, larger tumors
generally require more potent radiation doses compared with
smaller tumors to achieve comparable rates of local control.
However, because of the underlying liver cirrhosis in most HCC
patients, higher doses to larger tumors should be given with
caution. An initial review of our data uncovered a potentially
confounding association between tumor size and SBRT dose
regimen, in which larger tumors tended to have a lesser amount of
normal liver volume available and were usually located closer to
critical dose limiting organs at risk and, thus, were treated with a
less biologically potent SBRT dose regimen (40Gy/5 fractions).[8]

We hypothesized that smaller tumors treated with SBRT would
have a better control and survival compared with larger tumors.
A previous study by Kwon et al[15] evaluated the long-term effects
of SBRT for primarily small HCC (�100cm3) ineligible for
standard treatment. In their study, 42 HCC patients with tumors
�100cm3 were treated with SBRT prescribed at 30 to 39Gy/3
fractions, resulting in overall 1- and 3-year survival rates of
92.9% and 58.6%, respectively. The local control rates at 1- and
3- years were 72% and 67.5%, respectively. They concluded that
patients with smaller tumors had better local control and overall
survival rates (<32cm3 vs ≥32cm3 (P< .05). A study by Sanuki
et al[16] retrospectively analyzed 185 small HCC patients (�5cm)
treated with SBRT. Two dose levels were prescribed including 40
Gy for Child A and 35Gy for Child B, in 5 fractions. The 3-year
local control and overall survival rates in the 35-Gy and 40-Gy
groups were 91% and 89% (log-rank P= .99) and 66% and 72%
(P= .54), respectively. Doses of either 35Gy or 40Gy in 5
fractions provided equivalent outcomes and were safe. Other
studies, including Takeda et al,[17] reported the highest local
control rate of >90% for tumor <100cm3, but it was probably
attributed to the fact that 14 of their 16 patients underwent
combined TACE prior to SBRT. While Wulf et al[18] reported a
local control rate of 100% for a median tumor volume of 114
cm3, the overall survival rate was only 20% at 2 years because of
intrahepatic metastasis and progression.
Our study showed a 3-year local control rate and response rate

for tumor size�4cm of 97.85% and 96.15% [CR (75.92%)+PR
(19.23%)], respectively, which were significantly higher than
6

those from the intermediate and large tumor groups. This result
showed that tumor size does have an impact on local control and
response rate. However, tumor size did not affect the rate of
intrahepatic recurrence-free survival or disease progression-free
survival. The overall survival rates at 1-year, 2-years, and 3-years
for small tumors (�4cm) showed a relatively higher survival rate
than those for intermediate and larger sized tumors. However,
the trend did not reach statistical significance (P= .3757). Since
HCC is a multicentric disease by nature, and since SBRT is a local
treatment, intrahepatic-recurrence and disease progression
outside the treatment field remain the dominant pattern of
relapse following SBRT in our study. The implication is that close
regular monitoring of target lesion and metastases is essential,
and the combination of SBRT with systemic treatment may
potentially increase the overall survival rate and local control (in
particular) for larger tumors. Bertino et al,[19] reported that as our
knowledge of molecular hepatocarcinogenesis broadened, sever-
al molecular targeted agents have been evaluated in clinical trials
in advanced HCC. Despite a modest objective response rate,
several studies showed encouraging results in terms of prolonga-
tion of the time to progression, local control, and overall survival.
In addition, we found that patients who achieved initial in-field
CR even for larger tumors had a sustained local control
throughout the follow-up period, suggesting that initial in-field
response and in-field progression are important overall survival
indicators. Most CR for smaller tumors (�4cm) usually occurred
in<3 months after SBRT, while for larger tumors achieving a CR
tended to occur at >3 months to 6 months after SBRT.
In terms of toxicity, the present study observed acute toxicities

≥Grade 3 in only 12 patients among the 3 different tumor groups
(i.e., 3 in the small tumor group, 4 in the intermediate tumor
group, and 5 in the large tumor group). Of the 6 documented
cases of RILD in our study, 2 belonged to the small tumor group,
3 to the intermediate tumor group, and 1 to the large tumor
group. All cases eventually recovered with the exception of 1
patient who died as a result of radiation-induced liver failure 2
months after treatment; the cause of RILD in this patient was the
reactivation of hepatitis B virus rather than tumor size. Based on
our results, tumor size was not a factor responsible for severe liver
toxicity. However, tumor size did affect Grade 1–2 acute
toxicities such as fatigue, nausea, anemia, and thrombocytopenia
which were more prominent in large tumor group. Reactivation
of hepatitis B virus remains one of the causes of RILD in radiation
therapy of liver cancer. Huang et al[7] and Janoray et al[20]

reported a RILD incidence rate of 5.5% and 0% or 9%,
respectively, using Cyberknife SBRT.
Our study had several limitations including its retrospective

nature and the fact that it was performed at a single-institution
with a heterogeneous sample size. In addition, bias between
groups occurred with respect to the dose regimen. Higher
radiation dose was given to smaller tumors and a lower dose
regimen was given to intermediate and larger sized tumors.
Nevertheless, equivalent overall survival in the 3 groups with
different prognosis is beyond the scope of this retrospective study.
6. Conclusions

In conclusion, SBRT provided excellent in-field responses inHCC
patients. Those with smaller tumor sizes achieved the best
response and local control. Patients who achieved CR for the in-
field lesions maintained in-field CR during the follow-up period.
Furthermore, this study showed that SBRT was not only a
feasible and effective treatment for small tumors (�4cm) but
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could also provide a sustained local control for intermediate
(>4–<10cm) and large sized tumors (≥10cm). These results
suggest that SBRT is a promising, noninvasive modality when
HCC is deemed ineligible for surgical resection or ablation
therapy. Patterns of failure remain intrahepatic recurrence and
disease progression outside the target field, providing a rationale
for combining SBRT with regional or systemic therapies,
particularly if SBRT is used in healthier, higher performing
patients.
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