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Abstract. Background: This study aimed to assess the need
to consider microscopic invasion in terms of treatment
planning in stereotactic body radiation therapy (SBRT) for
hepatocellular carcinoma and elucidate the appropriate
clinical target volume (CTV) margin. Patients and Methods:
A total of 121 patients (with 146 liver tumors) who
underwent SBRT between July 2007 and August 2016 were
analyzed, regarding overall survival and local control (LC).
Results: The 2- and 5-year LC rates were 91.5% and 89.8%,
respectively. Planning target volume (PTV) margin <8 mm
was associated with poor LC. Of the 77 patients with PTV
margin of <8 mm, age <75 years was associated with poor
LC, while alpha-fetoprotein (AFP) <20 ng/ml was
associated with good LC. Conclusion: In patients with high
AFP levels, there is a possibility of microscopic invasion
around the tumor, suggesting that LC may be improved by
adding an additional clinical target volume margin to the
gross tumor volume.

Hepatocellular carcinoma (HCC) is the most common
primary hepatic tumor, developing in approximately 90% of
patients with advanced cirrhosis (1). As local treatment for
HCC, surgical resection and radiofrequency ablation (RFA)
therapy have been established; however, these interventions
are often complicated by certain factors, such as the liver
reserve capacity, localization of the tumor, and degree of
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progression (2, 3). Promising results have been achieved
using stereotactic body radiation therapy (SBRT), which
allows for administration of high radiation doses to the
primary tumor, while sparing the normal liver tissue (4-10).
Therefore, the use of radical radiotherapy for unresectable
HCC has increased dramatically in recent years (11-20). In
addition, the excellent outcomes observed after liver SBRT
have recently been reported to be comparable with those of
RFA treatment (21).

Consequently, as the prescribed radiation doses are
escalated, and particularly the high fractional doses
associated with SBRT, it is becoming increasingly
important to improve the accuracy of the target volume
definition. In addition, due to the more accurate organ
specification provided by image-guided radiation therapy
(IGRT), the planning target volume (PTV) margin can now
be optimized, with a minimization of patient set-up
uncertainties.

Advanced radiation therapy techniques, including IGRT,
tumor-tracking, and respiratory gating, may allow for a
reduced PTV margin for SBRT. Furthermore, modern
imaging techniques enable a more precise delineation of
the gross tumor volume (GTV). However, none of the
available imaging techniques can currently robustly
identify the clinical target volume (CTV). Furthermore,
there is a potential danger associated with IGRT
techniques in terms of creating a false sense of confidence
regarding margin reduction around the CTV (22). In
addition, under normal circumstances, a CTV margin
would not be added to the GTV when using SBRT (23).
However, it remains poorly understood whether a CTV
margin is actually necessary.

With this in mind, the purpose of the present study was to
elucidate the optimal CTV margin from clinical data of
patients receiving SBRT for HCC.
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Patients and Methods

Patient selection. The present study was conducted according to the
principles of the Declaration of Helsinki. The Institutional Review
Board of Miyakojima IGRT Clinic (Osaka, Japan) approved the data
collection and analysis (approval no. 9), with written informed
consent for radiotherapy being obtained from all patients. The HCC
diagnosis was established based on the results of imaging studies
using computed tomography (CT) or magnetic resonance imaging
(MRI), since pathological confirmation was not feasible for SBRT
candidates. The exclusion criteria were as follows: (i) patients with
insufficient blood collection data before SBRT; (ii) patients whose
follow-up was discontinued within 12 months after SBRT; and (iii)
patients who had manually reduced PTV margins to protect the
gastrointestinal tract. As a result, a total of 146 liver tumors from
121 patients who received SBRT at Miyakojima IGRT Clinic
between July 2007 and August 2016 were analyzed. The patient
characteristics are shown in Table I. Between July 2007 and April
2013, we treated 69 tumors using a PTV that was created by adding
an 8-mm uniform expansion to the internal target volume (ITV) in
all directions. However, based on the clinical results and an
evaluation of tumor position reproducibility by IGRT techniques,
from May 2013 onward, for 77 tumors, the PTV margin was
generated by adding a 4- or 6-mm uniform expansion to the ITV (4-
mm or 6-mm expansion for tumors near and far from the vertebral
bodies, respectively).

SBRT technique. SBRT for HCC treatment was performed as
previously described (24). Briefly, CT scans for treatment planning
were obtained using a 4 slice BrightSpeed Excel™ (GE Healthcare
Bio Sciences Corp., Pittsburgh, PA, USA) scanner between July
2007 and June 2014, and a 64 slice SOMATOM Definition AS
Open RT Pro edition (Siemens Healthcare, Munich, Germany)
scanner from July 2014 onward. MRI images for treatment planning
were obtained using a SIGNA EXCITE HDx 1.5-T (GE Healthcare
Bio Sciences Corp.) MRI scanner. Contrast enhanced, 4 dimensional
CT scans and gadolinium ethoxybenzyl diethylenetriamine
pentaacetic acid based contrast-enhanced MRI images were used to
determine the GTV. The CTV margin was not added to the GTV at
our Institution. The ITV was defined as the superposition of all
CTVs from the different respiratory phase data of the 4-dimensional
CT. The PTV was created by adding a 4-, 6-, or 8§ mm margin in all
directions to the ITV. The prescribed radiation doses were
documented at the reference point using conformal beams in 38
tumors, or were prescribed to deliver the tumor dose to 95% of the
PTV using intensity-modulated radiation therapy in 108 tumors.
There was no statistically difference in a dose—volume histogram
within the target volume, even with any irradiation technique. We
administered a prescription dose equivalent to a biological effective
dosel0 of approximately 80 Gy. Fractioned regimens were
scheduled to spare organs at risks, including the normal liver tissue.
SBRT was performed using a 6 MV linear accelerator (Novalis,
BrainLAB AG, Munich, Germany).

Follow-up. Local control (LC) was defined as the absence of local
failure. The LC and overall survival (OS) times were defined as the
intervals between the start of SBRT and the date of diagnosis of
local failure or the date of death, respectively. Local failures were
identified by experienced physicians using CT and MRI, and
defined as any regrowth of the target tumor or the appearance of
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tumor staining in the target tumor on contrast enhanced images.
Toxicity was evaluated using the Common Terminology Criteria for
Adverse Events version 3.0 (25).

Statistical analysis. Quantitative variables are described as the
median and range, and qualitative variables as percentages. The OS
and LC were calculated using the Kaplan-Meier method, and
statistical differences were evaluated using the log rank test. Cox
proportional hazards models were used to evaluate the factors
affecting the LC and OS. The results are reported as the hazard ratio
(HR) and corresponding 95% confidence interval (CI). Variables
with p-values of less than 0.20 in the univariate analyses were
analyzed in the multivariate models. Multivariate analyses were
performed by Cox regression. All statistical analyses were performed
using JMP software version 12.2.0 (SAS Institute, Cary, NC, USA).
p-Values of less than 0.05 were considered statistically significant.

Results

Patient eligibility and tumor characteristics. Of the 121
eligible patients, 11 patients received SBRT for two different
lesions simultaneously, 11 patients received SBRT for two
different lesions that occurred sequentially, and one patient
received SBRT for three different lesions that occurred
sequentially. The median follow-up duration after SBRT for
all patients was 21 months (range=2-70 months).

Local control. Considering all lesions, the LC rates were
91.5% and 89.8% at 2 and 5 years, respectively (Figure 1a).
Multivariate analysis showed that a PTV margin <8 mm
(HR=13.04, 95% CI=1.18-143.70 p=0.036) was associated
with poor LC (Table II). The 2-year LC rates were 97.8%
and 88.5% in the 8-mm and <8-mm margin groups,
respectively (p=0.034) (Figure 1b).

Survival. For patients overall, the OS rates were 66.8% and
437% at 2 and 5 years, respectively (Figure 2a).
Multivariate analysis showed that a performance status of 0
was associated with good OS (HR=0.474 95% CI=0.246-
0914 p=0.026), while a previous history of undergoing
transarterial chemoembolization was associated with poor
OS (HR=2.520, 95% CI=1.202-5.283 p=0.014) (Table III).
The 2-year OS rates were 73.7% and 57.0% in the groups
with performance status 0 and =1, respectively (p=0.052)
(Figure 2b). The 2-year OS rates were 76.2% and 59.0% for
patients with and without a history of transarterial
chemoembolization, respectively (p=0.037) (Figure 2c).

Toxicity. In terms of toxicity, two patients (1.5%)
experienced cholangiectasis, one of which was grade 3. Two
patients (1.5%) experienced grade 1 radiation pneumonitis,
with both treated sites being segment 7 of the liver. One
patient (0.7%) experienced radiation mucositis. One patient
(0.7%) experienced a grade 1 rib fracture, with this patient
having been irradiated for a nearby lesion from the initial
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Table 1. Patient and treatment characteristics (121 patients and 146 tumors).

Characteristic Total PTV margin 8 mm PTV margin <8 mm
(69 tumors) (77 tumors)

Gender, n (%) Male 70 (57.9) 36 (60.0) 34(55.7)

Female 51(42.1) 24 (40.0) 27 (44.3)
Age, years Median (range) 75 (44-91) 74 (44-89) 75 (48-91)
Performance status, n (%) 0 77 (57.1) 34 (52.3) 43 (61.4)

1 42 (31.1) 21 (32.3) 21 (30.0)

2 13 (9.6) 9 (13.8) 4(5.7)

3 2 (1.5) 0 (0.0) 2(2.9)

4 1(0.7) 1(1.5) 0 (0.0)
AJCC TNM Stage, n (%) 1 62 (51.2) 25 (41.7) 37 (60.7)

11 41 (33.9) 25 (41.7) 16 (26.2)

1 14 (11.6) 7(11.7) 7 (11.5)

v 4(33) 3(5.0) 1(1.6)
Etiology, n (%) HBV 22 (17.7) 6 (10.0) 16 (25.0)

HCV 71 (57.3) 39 (65.0) 32 (50.0)

Other 31 (25.0) 15 (25.0) 16 (25.0)
Child-Pugh class, n (%) A 115 (78.8) 54 (78.3) 61 (79.2)

B 31(21.2) 15 (21.7) 16 (20.8)
Portal vein tumor thrombosis, n (%) Yes 12 (7.0) 6 (8.7) 6 (7.8)

No 134 (91.8) 63 (91.3) 71 (92.2)
Previous surgery, n (%) Yes 23 (19.0) 13 (21.7) 10 (16.4)

No 98 (81.0) 47 (78.3) 51 (83.6)
Previous TACE, n (%) Yes 77 (52.7) 36 (52.2) 41 (53.2)

No 69 (47.3) 33 (47.8) 36 (46.8)
Previous RFA, n (%) Yes 38 (26.0) 22 (31.9) 16 (20.8)

No 108 (74.0) 47 (68.1) 61 (79.2)
Alpha-fetoprotein, ng/ml Median (range) 14.3 (1.4-46939.0) 16.4 (1.4-16558.9) 11.4 (2.2-46939.0)

<20 79 (58.5) 36 (55.4) 43 (61.4)

>20 56 (41.5) 29 (44.6) 27 (38.6)
PIVKA-II, mAU/ml Median (range) 52 (7.0-75000.0) 54 (7.0-40315.0) 47 (10.0-75000.0)

<40 59 (43.7) 27 (41.5) 32 (45.7)

>40 76 (56.3) 38 (58.5) 38 (54.3)
Platelet count, 104/l Median (range) 11.3 (2.7-32.0) 10.3 (2.8-26.6) 12.6 (2.7-31.5)

<10 55 (40.7) 30 (46.2) 25 (35.7)

>10 80 (59.3) 35 (53.8) 45 (64.3)
GTV, cc Median (range) 7.8 (0.3-257.0) 8.6 (0.3-257.0) 6.5 (0.3-109.0)
Size of maximum diameter, mm, n (%) <30 71 (48.6) 30 (43.5) 41 (53.2)

30-50 47 (32.2) 28 (40.6) 19 (24.7)

>50 28 (19.2) 11 (15.9) 17 (22.1)
ITV, cc Median (range) 12.5 (0.7-257.0) 11.7 (1.4-257.0) 13 (0.7-151.0)
PTV, cc Median (range) 45.3 (4.3-523.0) 51.6 (16.2-523.0) 34.8 (4.3-252.0)
Irradiation technology, n (%) IMRT 108 (74.0) 34 (49.3) 74 (96.1)

CB 38 (26.0) 35 (50.7) 339
Total dose, Gy Median (range) 45 (30-64) 45 (30-56) 45 (40-64)
Number of fractions Median (range) 5 (4-20) 5 (4-16) 5 (4-20)
Fraction size, Gy Median (range) 8.3 (3.0-12.0) 8 (3.3-12.0) 8.5 (3.0-11.0)

Total prescription BED10, Gy
Liver volume, cc
Mean dose to the liver, Gy

Median (range)
Median (range)
Median (range)

80 (48.0-106.0)
1026 (419-1803)
18.1 (4.6-53.9)

80 (48.0-105.6)
1081 (419-1803)
19.9 (9.6-53.9)

80 (56.0-100.0)
1005 (568-1740)
174 (4.6-47.8)

AJCC, American Joint Committee on Cancer; HBV, Hepatitis B virus; HCV, Hepatitis C virus; TACE, transarterial chemoembolization; RFA,
radiofrequency ablation; PIVKA-II, protein induced by vitamin K absence/antagonist-1I; GTV, gross tumor volume; ITV, internal target volume;
PTV, planning target volume; IMRT, intensity-modulated radiation therapy; CB, conformal beam; BED, biological effective dose.

treatment. Finally, 34 patients (25.2%) experienced ascites,
three (2.2%) experienced jaundice, and two (1.5%)
experienced pleural effusion. Hematological toxicities were

not observed in patients who exhibited hematological
abnormalities prior to radiotherapy, with no apparent changes
from baseline.
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Figure 1. Local control rates from the time of stereotactic body radiotherapy treatment in all patients (n=146) (a) and according to planning target

volume margin (b).

PTV margin. We further analyzed 77 patients who were
treated using PTV margins of <8 mm. As a result,
multivariate analysis showed that age <75 years was
associated with poor LC (HR=15.06, 95% CI=1.20-189.80
p=0.036), while alpha-fetoprotein (AFP) <20 ng/ml was
associated with good LC (HR=0.125, 0.021-0.758 p=0.024)
(Table IV). Among these patients, the 2-year LC rates were
96.0% and 80.3% in those aged =75 years and <75 years,
respectively (p=0.013) (Figure 3a). The 2-year LC rates were
97.8% and 69.2% in the groups with AFP <20 ng/ml and
>20 ng/ml, respectively (p=0.007) (Figure 3b).

Discussion

As local therapy, surgical resection and RFA are well-
established treatments for HCC. Several factors can make
these interventions more challenging, including poor liver
function, ill-defined anatomical barriers and vessels from
ultrasound, and tumors with portal infiltration. Modern
radiotherapy techniques, including SBRT, have recently
attracted increasing attention for various malignancies,
including as treatment with curative intent. Moreover, SBRT
has recently been reported to be equally effective as RFA for
HCC (21).

In contrast to these results, the recurrence of HCC tumors
after SBRT is hard to predict since there are multiple,
complex factors associated with recurrence and disease
progression. Accordingly, in the present study, there were
many variables significantly related to LC in the univariate
analysis for all patients; however, the PTV margin was the
only independent factor in the multivariate analysis. This
result implies that reducing the PTV margin results in a
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higher risk of recurrence. Engels et al. reported that patients
with prostate cancer who underwent radiotherapy with a
reduced PTV margin, positioned with implanted markers,
had poorer treatment outcomes than those without the
implanted markers (5-year freedom from biochemical failure
rate: 58% vs. 91%, p=0.02). This result shows the potential
danger associated with image guidance techniques creating
a false sense of confidence regarding margin reduction
around the CTV (22). Recurrence is another important
treatment outcome that must be considered when reducing
the PTV margin. Therefore, we examined a subgroup of 77
patients whose PTV margins were <8 mm. As a result, age
and AFP levels were the only independent factors associated
with LC in the multivariate analysis.

While modern imaging techniques can enable precise
delineation of the GTV, none can robustly detect the
microscopic extent of HCC. Moreover, although the CTV is
defined as the volume that includes both gross and
microscopic extensions of the malignancy, the CTVs used in
SBRT are frequently equal to the GTV (23). At present, the
necessity for a CTV margin remains under debate.

The extent of microscopic disease from liver tumors and the
implications for radiotherapy are limited and remain unknown.
In addition to direct invasion, HCC is also associated with a
high risk of daughter nodules around the tumor tis sue, which
can result in locoregional recurrence (26). Wang et al. reported
a potential margin of microscopic disease beyond the gross
tumor of 8.0 mm; however, 94.7% of patients with HCC had
microscopic extensions <3.5 mm, with a median of 1 mm
(27). In another report by the same group, 149 resected HCC
specimens were found to have a mean diameter of 5.8 cm
(range=1.0-22.0 cm), with microinvasion not observed in
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Table II. Factors associated with local control of 146 tumors.

Factor n (%) Univariate analysis Multivariate analysis

Hazard ratio (95% CI) p-Value Hazard ratio (95% CI) p-Value

Gender Male 87 (59.6) 0.964 (0.259-3.594) 0.956 - -
Female 59 (40.4) 1 -

Age, years <75 72 (52.4) 8.967 (1.121-71.72) 0.039 8.496 (0.849-85.06) 0.069
>75 74 (47.6) 1 1

Performance status 0 82 (56.2) 0.740 (0.199-2.758) 0.654 - -
>1 64 (43.8) 1 -

AJCC TNM Stage I 72 (49.3) 0.556 (0.117-2.112) 0.407 - -
=11 74 (50.7) 1 -

Etiology HBV 23 (15.8) 2.909 (0.727-11.65) 0.131 2.969 (0.510-17.28) 0.226
Other 123 (84.2) 1 1
HCV 86 (58.9) 0.911 (0.245-3.393) 0.889 - -
Other 60 (41.1) 1 -

Child-Pugh class A 115 (78.8) 0.859 (0.178-4.137) 0.850 - -
B 31 (21.2) 1 -

Portal vein tumor thrombosis  Yes 12 (7.0) 1.635 (0.204-13.11) 0.644 - -
No 134 (91.8) 1 -

Previous surgery Yes 27 (18.5) 4,18E-08 0.999 - -
No 119 (81.5) 1 -

Previous TACE Yes 77 (52.7) 7.980 (0.997-63.87) 0.050 3.050 (0.262-35.44) 0.373
No 69 (47.3) 1 1

Previous RFA Yes 38 (26.0) 0.741 (0.153-3.582) 0.709 - -
No 108 (74.0) 1 -

Alpha-fetoprotein, ng/mL <20 86 (58.9) 0.268 (0.067-1.074) 0.063 0.347 (0.070-1.712) 0.194
>20 60 (41.1) 1 1

PIVKA-II, mAU/mL <40 63 (43.2) 1.369 (0.367-5.107) 0.640 - -
>40 83 (56.8) 1 -

Platelet count, 104/l <10 58 (39.7) 0.816 (0.204-3.268) 0.774 - -
>10 88 (60.3) 1 -

GTV, cc <10 82 (56.2) 0.654 (0.175-2.445) 0.528 - -
>10 64 (43.8) 1 -

Size of maximum <30 71 (48.6) 0.533 (0.142-1.997) 0.350 - -

diameter, mm >30 75 (51.4) 1 -
<50 118 (80.8) 0.605 (0.125-2.930) 0.532 - -
>50 28 (19.2) 1 -

PTV, cc <40 65 (44.5) 0.400 (0.100-1.607) 0.197 0.420 (0.081-2.165) 0.300
>40 81 (55.5) 1 1

PTV margin, mm <8 77 (52.7) 6.924 (0.863-55.56) 0.069 13.04 (1.183-143.7) 0.036
8 69 (47.3) 1 1

Irradiation technology IMRT 108 (74.0) 281300000 0.998 - -
CB 38 (26.0) 1 -

Total dose, Gy <45 64 (43.8) 0.142 (0.018-1.134) 0.066 0.692 (0.018-26.61) 0.843
>45 82 (56.2) 1 1

Number of fractions <5 81 (55.5) 0.165 (0.034-0.795) 0.025 0.1535 (0.014-1.702) 0.127
>5 65 (44.5) 1 1

Fraction size, Gy <10 96 (65.8) 5.268 (0.658-42.19) 0.118 0.811 (0.020-32.13) 0.911
=10 50 (34.2) 1 1

Total prescription BED10. Gy <80 61 (41.8) 0.424 (0.114-1.586) 0.203 - -
>80 85 (58.2) 1 -

Liver volume, cc <1000 65 (44.5) 0.562 (0.140-2.252) 0416 - -
>1000 81 (55.5) 1 -

Mean dose to the liver, Gy <18 68 (46.6) 3.458 (0.717-16.68) 0.122 4.736 (0.686-32.68) 0.115
>18 78 (53.4) 1 1

CI, Confidence interval; AJCC, American Joint Committee on Cancer; HBV, Hepatitis B virus; HCV, Hepatitis C virus; TACE, transarterial
chemoembolization; RFA, radiofrequency ablation; PIVKA-II, protein induced by vitamin K absence/antagonist-1I; GTV, gross tumor volume;
ITV, internal target volume; PTV, planning target volume; IMRT, intensity-modulated radiation therapy; CB, conformal beam; BED, biological
effective dose.
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Table II1. Factors associated with overall survival in 121 patients

Factor n (%) Univariate analysis Multivariate analysis
Hazard ratio (95% CI) p-Value Hazard ratio (95% CI) p-Value

Gender Male 70 (57.9) 0.927 (0.525-1.640) 0.795 - -
Female 51 (42.1) 1 -

Age, years <75 59 (48.8) 1.703 (0.948-3.059) 0.075 1.639 (0.839-3.202) 0.149
>75 62 (51.2) 1 1

Performance status 0 72 (59.5) 0.577 (0.328-1.017) 0.057 0.474 (0.246-0.914) 0.026
=1 49 (40.5) 1 1

AJCC TNM Stage I 62 (51.2) 0.774 (0.437-1.372) 0.381 - -
=IT 59 (48.8) 1 -

Etiology HBV 22 (18.2) 1.075 (0.502-2.302) 0.853 - -
Other 99 (81.8) 1 -
HCV 71 (58.7) 1.242 (0.687-2.247) 0473 - -
Other 50 (41.3) 1 -

Child-Pugh class A 95 (78.5) 0.537 (0.294-0.979) 0.042 0.699 (0.300-1.631) 0.408
B 26 (21.5) 1 1

Portal vein tumor thrombosis  Yes 12 (9.9) 1.503 (0.637-3.543) 0.352 - -
No 109 (90.1) 1 -

Previous surgery Yes 23 (19.0) 0.953 (0.446-2.038) 0.901 - -
No 98 (81.0) 1 -

Previous TACE Yes 69 (57.0) 1.890 (1.025-3.482) 0.042 2.520 (1.202-5.283) 0.014
No 52 (43.0) 1 1

Previous RFA Yes 35 (28.9) 1.302 (0.724-2.341) 0.378 - -
No 86 (71.1) 1 -

Alpha-fetoprotein, ng/mL <20 73 (60.3) 0.556 (0.315-0.981) 0.043 0.767 (0.382-1.542) 0.457
>20 48 (39.7) 1 1

PIVKA-II, mAU/mL <40 53 (43.8) 0.673 (0.374-1.208) 0.185 0.666 (0.338-1.313) 0.240
>40 68 (56.2) 1 1

Platelet count, 104/uL <10 47 (38.8) 1.727 (0.978-3.049) 0.06 1.999 (0.890-4.492) 0.094
>10 74 (61.2) 1 1

GTV, cc <10 64 (52.9) 0.443 (0.249-0.790) 0.006 0.311 (0.044-2.203) 0.242
>10 57 (47.1) 1 1

Size of maximum <30 49 (40.5) 0.513 (0.281-0.939) 0.030 2.365 (0.749-7.472) 0.142

diameter, mm >30 72 (59.5) 1 1
<50 92 (76.0) 0.656 (0.346-1.243) 0.196 1.788 (0.722-4.428) 0.209
>50 29 (24.0) 1 1

PTV, cc <40 47 (38.8) 0.388 (0.201-0.747) 0.005 0.367 (0.133-1.012) 0.053
>40 74 (61.2) 1 1

PTV margin, mm <8 61 (50.4) 0.618 (0.338-1.127) 0.117 0.719 (0.328-1.580) 0412
8 60 (49.6) 1 1

Irradiation technology IMRT 86 (71.1) 0.614 (0.343-1.098) 0.100 0.438 (0.1811-1.057) 0.066
CB 35 (28.9) 1 1

Total dose, Gy <45 50 (41.3) 0.764 (0.427-1.365) 0.363 - -
>45 71 (58.7) 1 -

Number of fractions <5 66 (54.5) 0.514 (0.290-0.910) 0.022 0.466 (0.197-1.104) 0.083
>5 55 (45.5) 1 1

Fraction size, Gy <10 82 (67.8) 2.440 (1.212-4.910) 0.012 1.815 (0.610-5.401) 0.327
=10 39 (32.2) 1 1

Total prescription BED10, Gy <80 52 (43.0) 1.798 (1.016-3.183) 0.044 1.732 (0.577-5.197) 0.265
>80 69 (57.0) 1 1

Liver volume, cc <1,000 53 (43.8) 0.739 (0.411-1.328) 0316 - -
>1,000 68 (56.2) 1 -

Mean dose to the liver, Gy <18 56 (46.3) 0.800 (0.452-1.416) 0.444 - -
>18 65 (53.7) 1 -

CI, Confidence interval; AJCC, American Joint Committee on Cancer; HBV, Hepatitis B virus; HCV, Hepatitis C virus; TACE, transarterial
chemoembolization; RFA, radiofrequency ablation; PIVKA-II, protein induced by vitamin K absence/antagonist-II; GTV, gross tumor volume; ITV,
internal target volume; PTV, planning target volume; IMRT, intensity-modulated radiation therapy; CB, conformal beam; BED, biological effective
dose.
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Table IV. Factors associated with local control in 77 patients treated using a planning target volume (PTV) margin <8 mm.

Factor n (%) Univariate analysis Multivariate analysis

Hazard ratio (95% CI) p-Value Hazard ratio (95% CI) p-Value

Gender Male 44 (57.1) 0.838 (0.210-3.355) 0.803 - -
Female 33 (42.9) 1 -

Age, years <75 37 (48.1) 8.894 (1.093-72.35) 0.041 15.06 (1.195-189.8) 0.036
=75 40 (51.9) 1 1

Performance status 0 46 (59.7) 0.583 (0.145-2.343) 0.447 - -
=1 31 (40.3) 1 -

AJCC TNM Stage I 45 (58.4) 1.209 (0.288-5.071) 0.795 - -
>I1 32 (41.6) 1 -

Etiology HBV 16 (20.8) 2.880 (0.685-12.11) 0.149 2.652 (0.437-16.09) 0.289
Other 61 (79.2) 1 1
HCV 42 (54.5) 1.312 (0.313-5.500) 0.71 - -
Other 35 (45.5) 1 -

Child-Pugh class A 61 (79.2) 1.683 (0.207-13.71) 0.627 - -
B 16 (20.8) 1 -

Portal vein tumor thrombosis  Yes 6 (7.8) 2.194 (0.268-17.96) 0.464 - -
No 71 (92.2) 1 -

Previous surgery Yes 11 (14.3) 1,181 0.998 - -
No 66 (85.7) 1 -

Previous TACE Yes 41 (53.2) 7.860 (0.963-64.14) 0.054 3.643 (0.225-59.04) 0.363
No 36 (46.8) 1 1

Previous RFA Yes 16 (20.8) 1.104 (0.221-5.520) 0.904 - -
No 61 (79.2) 1 -

Alpha-fetoprotein, ng/mL <20 46 (59.7) 0.146 (0.029-0.732) 0.019 0.125 (0.021-0.758) 0.024
>20 31 (40.3) 1 1

PIVKA-II, mAU/mL <40 34 (44.2) 1.226 (0.307-4.906) 0.773 - -
>40 43 (55.8) 1 -

Platelet count, 104/uL <10 26 (33.8) 0.581 (0.117-2.886) 0.506 - -
>10 51 (66.2) 1 -

GTV, cc <10 44 (57.1) 0.547 (0.136-2.197) 0.395 - -
>10 33 (42.9) 1 -

Size of maximum <30 41 (53.2) 0.589 (0.146-2.380) 0.458 - -

diameter, mm >30 36 (46.8) 1 -
<50 60 (77.9) 0.588 (0.118-2.929) 0.517 - -
>50 17 (22.1) 1 -

PTV, cc <40 41 (53.2) 0.380 (0.090-1.599) 0.187 0.690 (0.089-5.349) 0.723
>40 36 (46.8) 1 1

Total dose, Gy <45 32 (41.6) 0.139 (0.017-1.136) 0.066 0.770 (0.037-16.07) 0.866
>45 45 (58.4) 1 1

Number of fractions <5 41 (53.2) 0.175 (0.035-0.876) 0.034 0.121 (0.007-1.983) 0.139
>5 36 (46.8) 1 1

Fraction size, Gy <10 52 (67.5) 4.421 (0.543-36.02) 0.165 1.218 (0.052-28.82) 0.903
=10 25 (32.5) 1 1

Total prescription BED10. Gy <80 29 (37.7) 1.047 (0.248-4.418) 0.950 - -
>80 48 (62.3) 1 -

Liver volume, cc <1000 38 (494) 0.460 (0.108-1.966) 0.295 - -
>1000 39 (50.6) 1 -

Mean dose to the liver, Gy <18 43 (55.8) 2485 (0.498-12.41) 0.267 - -
=18 34 (44.2) 1 -

CI, Confidence interval; AJCC, American Joint Committee on Cancer; HBV, Hepatitis B virus; HCV, Hepatitis C virus; TACE, transarterial
chemoembolization; RFA, radiofrequency ablation; PIVKA-II, protein induced by vitamin K absence/antagonist-1I; GTV, gross tumor volume; ITV,
internal target volume; IMRT, intensity-modulated radiation therapy; BED, biological effective dose.

47.0% of patients (28). Moreover, microinvasion distances <2 recurrence (29-32). Many authors have reported AFP to be an
mm were found in 94.5% of patients with AFP levels <400 independent predictor of poor prognosis, even in patients
pg/l. AFP is an important predictor of prognosis and receiving curative resection (33-36). These findings were
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Figure 3. Local control rates in 77 patients treated with a planning
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Figure 2. Overall survival from the time of the first stereotactic body
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chemoembolization (TACE) (c).
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analyzed a relatively large number of patients with a reliable
follow-up period. Moreover, to the best of our knowledge, this
is the first report of the possible requirements for CTV
margins derived from clinical data after SBRT treatment for
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HCC. A second limitation is that the biological characteristics
of tumor microinvasion were unclear due to insufficient
pathological examination in the present study. A future
comparison study between clinical and histological data, using
surgically resected specimens, may validate our findings.

In conclusion, in this study, we analyzed the clinical
outcomes of patients receiving SBRT for HCC, focusing on
the irradiation volume rather than the magnitude of the dose.
As a result, it was revealed that the risk of recurrence was
increased by reducing the PTV margin and was associated
with elevated AFP level. In patients with high AFP levels,
there is a possibility of microscopic invasion around the
tumor, suggesting that the LC may be improved by adding
an additional CTV margin to the GTV.
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