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Background: Stereotactic body radiotherapy (SBRT) delivers high-dose radiation to tumor tissues in few fractions,
thereby reducing radiation damage to at-risk organs. There are more potential effects of SBRT owing to the
higher biological equivalent dose delivered. Herein, we retrospectively analyzed its effectiveness and toxicity at
our institution. Methods: Data from patients with hepatocellular carcinoma (HCC; n = 10) and liver metastases
(n = 10) who underwent SBRT (total dose of 30–50 Gy in 5–10 fractions) between 2013 and 2016 were analyzed.
Adverse events were recorded at the end of RT, 6 months after treatment, or upon death. Overall survival (OS)
was calculated according to the biological effective dose (BED a/b = 10) and liver function (Child–Pugh [CP] clas-
sification 5 or 6 vs. 7 or 8) after SBRT, using Kaplan–Meier analyses. Results:Of the 20 patients, 6 declined the CP
classification score after SBRT; grade 3 adverse events were not seen in any patient. A higher OS rate was seen in
patients receiving a higher BED and in those with better CP classification after SBRT. Kaplan–Meier survival
analysis yielded a median OS of 401 days and 1- and 2-year OS of 45% and 15%, respectively. Conclusion: The
higher BED was significantly associated with tumor control, and there were no differences in the tumor control
rate between HCC and metastatic tumors. Changes in CP scores after SBRT also affected the survival rate. Good
liver function may permit multiple rounds of SBRT. ( J CLIN EXP HEPATOL xxxx;xxx:xxx)
Liver tumors, including hepatocellular carcinoma
(HCC) and metastatic tumor, are relatively common
in Asia and have various treatment methods. Stereo-

tactic body radiotherapy (SBRT) for liver tumors is an
alternative strategy to standard treatment modalities
such as surgical resection and radiofrequency ablation
(RFA).1–4 Transarterial chemoembolization (TACE) is
commonly used to treat HCC; however, it has difficulty
reaching larger tumors (more than 3–5 cm) with
complete ischemia or necrosis. Most hepatic cancers are
supplied by two blood vessels, the hepatic artery and the
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portal vein. Therefore, although the supplying artery is
completely embolized using TACE, the portal vein
continues to supply blood to the residual tumor.5–17

Thus, blood supply to metastatic liver tumors is diverse.
TACE may occasionally fail because the hepatic artery
does not supply blood flow to the tumor.18–22 SBRT
includes the use of a small number of significantly large
fraction sizes of radiation dose targeted at a specific area
(tumor tissue) while reducing exposure to adjacent
normal organs.23 Compared with the three-dimensional
RT, SBRT has a high-dose concentration and carries lower
risk of radiation-induced liver disease. Therefore, we retro-
spectively analyzed the effectiveness of SBRT and the
adverse events after SBRT for liver tumors.
METHODS

Patients
From 2013 to 2016, 46 patients underwent SBRT at our
hospital, and 20 patients who could be followed up until
their death were retrospectively enrolled. This study was
approved by the internal review board and was registered
at the National Clinical Trial Register with the number
vier B.V. All rights reserved.
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UMIN000034389. We retrieved data from the electric med-
ical records of all patients from the beginning to death.
Important data are shown in Table 1. Hematologic data
were retrieved for all patients, but there was no association
with liver function; some patients underwent indocyanine
green (ICG) test and liver reserve scintigraphy, but their
data were small. Therefore, Child–Pugh (CP) classification
was introduced because it has been widely used in the
world. The scores of patients B7, B8, and B9 were 2, 2,
and 0 before the treatment, respectively; after RT, the
scores of patients B7, B8, and B9 were 4, 2, and 0, respec-
tively. None of the patients scored more than 1 point,
and none of the patients had a CP reduction score of 2.
Liver volumetry was performed in all the patients and
compared between the HCC and metastatic lesion groups.

We cross-checked the retrieved data, and Excel software
(Microsoft Office 2013, USA) was used to store the data.
We opted the retrospective analysis on the home page of
our hospital.

Inclusion and Exclusion Criteria
The inclusion criteria were patients with liver tumor, who
were unwilling for other therapies (i.e., surgery, RFA, and
TACE) or in whom the place of the tumor was difficult
to be treated by such aforementioned therapy. Our series
included 10 patients with HCC and 10 patients with liver
Table 1 Univariate Analysis of Overall Survival.

Factor Median SD P value

Gender: male/female 2/18 0.3 0.33

Alpha-fetoprotein 563.4 102.6 0.41

PIVKA2 87.3 24.6 0.56

Age 73 11.2 0.21

Dose (Gy) 40 9.8 0.09

No. of fraction 7 2.9 0.03

Biological effective dose 160 38.6 0.04

Tumor size (cm) 49 53.4 0.70

Pathology: HCC/others 14/6 0.9 0.10

Place: central*/distal 12/8 1.1 0.37

Performance status: 0–1/2 16/4 0.7 0.87

No. of treatments 2 1.9 0.08

Surgery: yes/no 10/10 0.5 0.19

Child–Pugh classification (score) before
treatment

5.80* 1.1 0.36

Child–Pugh classification (score) after
treatment

6.40* 1.3 0.03

HCC, hepatocellular carcinoma; SD; standard deviation.
PIVKA2; protein induced by vitamin K absence or antagonists-II.
*Mean.
*Central was defined as a tumor that presented at a distance within
2 cm from the porta hepatis.
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metastasis. The primary lesion of liver metastases was 8
rectal cancers and 2 stomach cancers, and the primary
site was under control. The values of CP classification of
metastatic liver tumor were 5 and 6 for 8 and 2 patients,
respectively (metastatic liver cancer is not classified as a
CP classification) The 2 patients with metastatic liver
with a CP score of 6 had only mild albumin levels. The
exclusion criteria were if the CP score of patients was 9
or more and the tumor was near the porta hepatis. Patients
with extrahepatic metastasis were excluded.

Important data are shown in Table 1. Hematologic data
were also retrieved from all patients (hemoglobin, AST,
ALT, LDH, ALP, g-GTP, bilirubin, protein, albumin,
alpha-fetoprotein, PIVKA2 levels, and white blood cell
and platelet counts). Some patients underwent ICG test
before SBRT. The CP classification was introduced as it
has been widely used throughout the world. The patients
were classified based on CP scores; CP scores were 5, 6, 7,
and 8 for 10, 6, 2, and 2 patients, respectively (10 patients
were at the score of 5).

The patients with liver tumor were diagnosed as HCC or
metastatic tumor by pathology or medical imaging. Recur-
rent and residual tumors were defined as the existence of
the tumor on contrast-enhanced CT/MRI after RFA and/
or TACE. In the surveillance for HCC in patients with
chronic liver disease or cirrhosis, ultrasonography and tu-
mor marker tests play a central role and are presently
widely performed. We obtained dynamic triple-phase CT
and gadolinium-EOB-DTPA MRI in all cases. Ultrasound
examinations of patients with HCC were taken every 3
months as part of the screening. The patients after radical
surgery were followed up every 3 months by conducting
blood examination; CT was performed if the tumormarker
was elevated. In general, RT was not performed when the
extrahepatic lesion was noticed. We treated one lesion at
a time (local recurrence and previously treated lesions
were included as criteria). The tumor size was less than
5 cm in diameter.

Radiotherapy Planning
The fiducial marker placement was used in 13 of 20 pa-
tients when lipiodol or calcification was not recognized
on onboard imaging. Cone beam CTwas used throughout.
Radiotherapy was planned using breath-hold gating sys-
tems: Elekta Synergy� with a micro-multileaf collimator
(Elekta AB Box 7593 SE-103 93, Stockholm, Sweden).

The gross target volume (GTV) was defined as tumor
visibility on CT and MRI scans using fusion methods.
The GTV was expanded by approximately 5 mm to form
the clinical target volume (CTV). Next, the CTV was
expanded by 3–5 mm to form the planning target volume
(PTV). The mean value of the major diameter of the target
was 49.1 cm (range: 10–77.6 cm). All patients were treated
with a total dose of 30–50 Gy in 5–10 fractions. The pre-
scribed dose corresponded to the isodose line that
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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encompassed >95% of the PTV. The organs at risk were as
follows: esophagus, spinal cord, the remaining healthy
liver, stomach, intestine, kidneys, lung, and heart. For the
intestine, the maximum point dose was <20 Gy. The
mean exposure dose for the entire liver was <20 Gy and
that of the bilateral kidneys was <15 Gy.2

Adverse event occurrence was recorded at the end of RT
and at 6 months after treatment, according to the recom-
mendations of the Common Terminology Criteria for
Adverse Events version 4.0. The change in
CP classification was evaluated as the difference between
CP scores at SBRT initiation and 6 months after SBRT.
Liver function in metastatic tumor was also scored accord-
ing to the CP classification. If death occurred within 6
months of SBRT, it was scored as such immediately. Sur-
vival rates were calculated from the date of SBRT initiation.
Kaplan–Meier survival analysis was used to estimate overall
survival (OS). All statistical analyses used Excel Bell curve
(SSRI corp., Tokyo, Japan), and a P value < 0.05 was consid-
ered statistically significant.
-
-

-

RESULTS

Table 1 shows the results of the univariate analysis. The
size of the liver of patients with HCC was 1350 (range:
1160–1560) cm3 on an average, and the size of the metas-
tasized liver was 1140 (range: 1010–1340) cm3. No signifi-
cant difference for OS was observed. The number of lesions
was one for each treatment. A higher survival rate was asso-
ciated with a smaller number of radiation fractions, a
higher biological effective dose (BED), and a lower score
in CP classification after SBRT. The OS rate was signifi-
cantly higher in patients with good liver function after
SBRT (Figure 1) than in those with poor liver function.
No factor was found to significantly affect the OS rate dur-
ing univariate analysis. Hematologic data were not statisti-
cally associated with liver function (univariate analysis).
After the treatment, CP scores were 5, 6, 7, and 8 for 8, 6,
4, and 2 patients, respectively. Grade 3 adverse events did
not occur in any patient. Kaplan–Meier survival analysis
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Figure 1 Overall survival comparison of the Child–Pugh (CP) classifica-
tion score: 5 or 6 and 7 or 8. Kaplan–Meier survival analysis.
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yielded a median OS of 401 days with 1- and 2-year OS
rates of 45% and 15%, respectively (Figure 2).
DISCUSSION

Many research studies on the results and side effects of
SBRT for liver tumors have been published. The curative
treatment options for HCC include surgical resection, liver
transplantation, and RFA. Surgery cannot be performed
without adequate liver function. Although RFA is highly
safe, it is impossible in the vicinity of the diaphragm and
caudate lobe. Therefore, SBRT is the choice of a noninva-
sive local treatment method for HCC, wherein an estab-
lished treatment therapy cannot be applied.

In a phase II study of 50 inoperable patients previously
treated with TACE 1–5 times, 38.3% of patients receiving
SBRT achieved a partial response or CR at 6 months.
The 2-year control rate, OS, and PFS were 94.6%, 68.7%,
and 33.8%, respectively.19 Bujold et al. have reported that
of 102 patients with HCC unsuitable for local therapy,
61% had multiple lesions, 55% had tumor vessel throm-
bosis, and 12% had extrahepatic tumor. All patients with
a local control rate of 87% at 1 year and a median OS of
17.0 months were treated with SBRT.21 Scorsetti et al.17

in their study on HCC, have reported that the
BED>100 Gy and GTV size were significant prognostic fac-
tors for local control (LC) in univariate analysis (p < 0.01
and p < 0.02). Univariate analysis showed that OS is corre-
lated with LC (p < 0.04), BED>100 Gy (p < 0.05), and cumu-
lative GTV<5 cm (p < 0.04). The number of fraction is
correlated with BED. The BED increases when we increase
dosages per fraction; many institutes use the dosage of 40–
60 Gy per 3–5 fractions.

Many cancers often metastasize to the liver at the onset
of systemic disease.18–22 Thus, SBRT is the current
treatment of choice in patients with good clinical
conditions. Zhang et al. have reported SBRT for liver
metastasis and have proved it to be effective and safe
Median OS; 401 days,    1-year OS; 45% 2-year OS; 15%
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Figure 2 Overall survival of all patients. The median OS was 401 days;
1-year and 2-year OS was 45% and 15%, respectively.
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with LC rates ranging from 70% to 100% within 1 or 2 years
and 2-year OS rates ranging from 30% to 38%. Onal et al.20

have reported that in 22 patients with 29 breast cancer liver
metastatic (BCLM) lesions treated with liver SBRT, the 1-
and 2-year LC rates were 100% and 88%, respectively.
They concluded that SBRT is feasible for patients with
BCLM lesions. Liver SBRT is a conservative approach
with excellent LC and limited toxicities.20 Joo et al.22 have
reported that in 70 patients with 103 lesions from colo-
rectal cancer, the prescribed dose was 45–60 Gy in 3–4 frac-
tions and the 2-year OS was 75%. In subgroups, the 2-year
LC rates for BED#80 Gy (group 1), 100–112 Gy (group 2),
and $132 Gy (group 3) were 52%, 83%, and 89%, respec-
tively.

In our series, OS was not different significantly between
patients with HCC and LM. CP classification makes quan-
titative judgment difficult because of the subjective items
such as ascites and encephalopathy. The ICG test is used
for quantitative assessment of liver reserve but is an assess-
ment of the entire liver. This time, evaluation for liver me-
tastases was performed using the CP classification.
However, liver cirrhosis is not often seen in liver metastasis,
and the residual liver reserve after local treatment is ex-
pected to be high compared with that of HCC. Three-
dimensional evaluation of liver function before and after
SBRT can be performed using 99m-TechnetiumGalactosyl
Human Serum Albumin Scanning single-photon emission
computed tomography.

Post-RT CP classification scores were associated with
OS, with lower scores leading to longer survival rates.
Conversely, in the current analysis, we only included pa-
tients with CP scores of 5–8. In liver SBRT, a CP classifica-
tion score of 5 or 6 is considered desirable.3 However, RT
may be necessary when the tumor invades the portal veins
of the tumor or when liver function is poor. We have used a
radiation dose of 30 Gy 10 times in three patients with an
initial CP score of 8. In one such patient, the CP score re-
mained 8 after treatment, whereas in two cases, it worsened
to 9, and the OS was 62 days (HCC), 100 days (HCC), and
549 days (metastatic liver tumor).

If the liver tumor is metastatic and the primary site (this
case was colon cancer) tumor is under control, SBRTmight
be a better option than liver resection.18–22

Tumor locations of the liver amenable to SBRT are
limited; for instance, RFA is not suitable when the tumor
exists under the diaphragm. In the liver, when the tumor
is marginal, RT is easy but needs to be balanced with
OAR when the tumor is located at the center of the liver.6

Takeda et al. reported that centrally located tumors have a
lower control rate.

Single liver metastasis is curable by surgery. Therefore,
SBRT shows similar results to surgery. However, SBRT is
chosen when the liver could not be operated. Therefore,
this time, our results are not better than surgery. However,
depending on the case, the outcome may yield similar re-
4 © 2019 Indian National Associa
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sults to that of surgery. Thus, it is necessary to recognize
SBRT and RFA. Yeung et al. reported in their series of 34
patients with HCC that 1-year LC and OS were 94% and
84%, respectively. However, 6 patients (19%) had worsened
the CP score by 2 or more points during follow-up; overall,
32% of patients experienced $ grade 3 + toxicities. Strong
treatment also has numerous side effects.24

Compared with their analysis, our results were not
good. The reasons were as follows: (1) our target size
included 5 cm in diameter, (2) the median number of treat-
ments was two, and (3) we were targeting only patients who
had seen it until the end. Because the family doctor keeps
track of the patients who were cured, we noticed many
cases with poor conditions.

BED is significantly associated with tumor control, and
no significant differences in tumor control rates between
HCC and metastatic tumors were noted. The CP classifica-
tion score after RT affects the survival rate. When liver
function is good before treatment, multiple rounds of
SBRT are possible.
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