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ABSTRACT
Background: The feasibility of marker-less stereotactic body radiotherapy (SBRT) for hepatocellular car-
cinoma (HCC) has not yet been established, and, thus, was examined in the present study.
Material and methods: We retrospectively investigated patients who received marker-less SBRT for
locally untreated HCC tumors between July 2005 and December 2018. Radiotherapy planning CT was
performed under fixation with vacuum cushions and abdominal compression. The clinical target vol-
ume (CTV) was equivalent to the gross tumor volume (GTV). The internal target volume (ITV) margin
to CTV was determined from calculations based on the motion of the diaphragm. The planning target
volume (PTV) margin to ITV was 5–6mm. In the set-up, radiotherapy planning CT and linac-integrated
cone-beam CT performed in the same imaging and fixation settings were merged by referring to the
anatomical components surrounding target tumors. The primary endpoint was the 3-year cumulative
local tumor progression rate. The upper limit of the 95% confidence interval for the 3-year cumulative
local tumor progression rate was less than 7.0%, which was interpreted as favorable local control and
feasible for marker-less SBRT. Local tumor progression was assessed by mRECIST.
Results: We reviewed 180 patients treated with 35–40Gy/5 fractions. The median follow-up time for
the local tumor progression of censored tumors was 32.3 months (range, 0.3–104). The 3-year cumula-
tive local tumor progression rate was 3.0% (95% CI, 1.1–6.5%). The 3-year overall survival rate was
71.6% (95% CI, 63.5–78.2%). Regarding acute hematologic toxicities, grade 3 hypoalbuminemia and
thrombocytopenia were detected in 1 (0.6%) and 5 (2.9%) patients, respectively. Treatment-related
death from SBRT was not observed. SBRT was initiated within 7 days after radiotherapy planning CT
for 84% (152/180) of patients.
Conclusions: Marker-less SBRT for HCC achieved favorable local control that fulfilled the threshold.
This result suggests that marker-less SBRT with appropriate settings is a feasible treatment strategy.
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Background

Hepatocellular carcinoma (HCC) is diagnosed as the seventh
most common cancer in the world and the fourth most com-
mon cause of death from cancer [1]. The current definitive
treatments for HCC are resection, ablation, and liver trans-
plantation [2,3]. However, patients with HCC are often ineli-
gible for the above definitive treatments due to an inability
to tolerate surgery, a target lesion in a location that is diffi-
cult to ablate [4,5], and the limited supply of donors.
Stereotactic body radiotherapy (SBRT) is an emerging treat-
ment method that precisely irradiates high-dose radiation to
targets in a limited number of fractions non-invasively and
achieves favorable local control for HCC [6,7]. SBRT may be
performed in cases in which other curative treatments are
challenging, as described above. Therefore, SBRT is a promis-
ing curative treatment, particularly when other curative treat-
ment options are not indicated [8].

HCC tumors are often invisible on non-contrast CT due to
the surrounding liver parenchyma. Therefore, the implant-
ation of fiducial markers close to target HCC tumors [9–11]
or enhancing HCC tumors using lipiodol through transarterial
chemoembolization (TACE) [9,12] is generally performed prior
to radiotherapy planning CT for SBRT for HCC. Since both
procedures generally necessitate hospitalization and labor,
delays before marking may occur due to the availability of
hospitalization and marking. They are also invasive and may
cause complications. To overcome these issues, the establish-
ment of a technique for marker-less SBRT for HCC is war-
ranted; however, there is currently no information on
marker-less SBRT for HCC.

In our institution, we routinely performed TACE before
SBRT for HCC to ensure the accumulation of lipiodol as a
marker in the target tumor. In 2010, we examined the rela-
tionship between the respiration motion of lipiodol deposits
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in HCC tumors after TACE and that of the diaphragm. Based
on the findings of this examination, we judged that SBRT for
HCC may be performed without marking without missing
the target by calculating the internal target volume (ITV)
margins from the respiratory motion of the diaphragm and
devising appropriate measures. Since then, preceding TACE
is no longer routinely performed.

The purpose of the present study was to clarify the feasi-
bility of marker-less SBRT for HCC by reviewing the clinical
outcomes of marker-less SBRT for locally untreated
HCC tumors.

Materials and methods

The present study was endorsed by the Institutional Ethics
Committee (2020-006). Informed consent for the use of
patient data in research was obtained from all patients in
this study before treatment.

Patients

Five hundred and forty-two HCC patients who had received
radiotherapy at our institution between July 2005 and
December 2018 were identified. Of these, patients treated
for locally untreated HCC tumors with marker-less SBRT with-
out using any visual markers such as TACE-lipiodol or fiducial
markers that met the following criteria were reviewed in this
study: (1) no previous radiotherapy to the liver. (2) without
previous histories of other cancers; (3) treated with radiother-
apy by five or fewer fractions; (4) treated with radiotherapy
with more than 7Gy per fraction; (5) no prior local treatment
(including TACE with the aim of assessing lipiodol deposition
as a marker for SBRT) to the target tumor of SBRT. Cases
with previous local treatment (such as resection, radiofre-
quency ablation (RFA), and TACE) to non-target lesions of
SBRT were included in the present study if they met the
above eligibility criteria.

The diagnosis of HCC was based on a diagnostic imaging
test with multiphasic MRI or CT according to the inter-
national clinical practice guidelines for HCC [2,3].
Fundamental eligibility criteria for SBRT for HCC in our insti-
tution are as follows: (1) HCC patients who are unsuitable
for resection and RFA or decline these treatments, (2)
Child–Pugh Classification (CPC) A or CPC B, (3) maximum
tumor diameter �5 cm, (4) number of tumors �3, and (5)
normal liver V20 (the volume receiving >20Gy) not exceed-
ing 20%. After discussions on decision-making for treatment,
several patients with deviations from these eligibility criteria
received SBRT and were included in the study.

Treatment and follow-up

Until March 2010, TACE was performed to deposit lipiodol as
a marker in targeted HCC tumors prior to treatment planning
CT imaging for SBRT. Since then, preceding TACE has not
been routinely performed.

As radiotherapy planning CT, time-averaged fast scan CT
in which image data of all respiratory phases were

reconstructed slice-by-slice from 6-8 images of the same slice
captured at 1-second intervals was performed in free-breath-
ing conditions under fixation with vacuum cushions and
abdominal compression in the spinal position [13,14].
Abdominal compression was used to reduce diaphragmatic
motion in the craniocaudal direction to less than 10mm and
to also reduce the respiratory motion of the liver and target
tumor. After radiotherapy planning CT was performed, 3- or
4-phase spiral dynamic CT using nonionic contrast medium
was performed using the same position and fixation as radio-
therapy planning CT.

When target contouring was performed, radiotherapy
planning CT and 3- or 4-phase spiral dynamic CT images
were fused, and the gross tumor volume (GTV) was con-
toured on the radiotherapy planning CT image along with
lesion enhancement on 3- or 4-phase contrast dynamic CT
images in the clearer phase of the arterial (30 s) or portal
(60 s) phase. The clinical target volume (CTV) was equivalent
to GTV. ITV margins to CTV without visual markers were
determined through the following process. In 2010, we
examined the relationship between diaphragmatic motion
and the motion of lipiodol deposited by TACE on the target
tumor using time-averaged fast scan CT under fixation with
vacuum cushions and abdominal compression in approxi-
mately 40 HCC patients who underwent SBRT after TACE to
deposit lipiodol as a marker on the target tumor (unpub-
lished data). As a result, the ITV margin was found to cover
95% of the motion of lipiodol, calculated from the length of
the motion of the diaphragm in each axis (cranial-caudal; CC,
right-left; RL, anterior-posterior; AP) as follows: cranial: CC/
4þ 2mm, caudal: CC�3/4þ 2mm, right and left: RL/
2þ 1mm, anterior: AP/2mm, posterior: AP/2þ 1mm. Since
abdominal compression is performed to restrict the dia-
phragm to less than 10mm of motion in the cranial-caudal
direction, the ITV margin in the cephalad-caudal direction, in
which motion is greater than in the other axial directions, is
basically 3–5mm in the cranial direction and 5–10mm in the
caudal direction, respectively. ITV margins other than cepha-
locaudal were essentially in the following ranges: anterior:
2mm, lateral and posterior: 3mm. The planning target vol-
ume (PTV) margin to ITV was 5mm (cranial and cau-
dal: 6mm).

Linac-integrated cone-beam CT was performed before
each treatment under free-breathing using the same fixation
setting as radiotherapy planning CT. Cone-beam CT was
imaged over 75 s in each round, and average processing was
performed. Therefore, the images obtained from radiother-
apy planning CT and linac-integrated cone-beam CT were
similar averaged images. Regarding the set-up, radiotherapy
planning CT and cone-beam CT were fused by referring to
the anatomical components surrounding target tumors,
including branches of the hepatic artery, branches of the
hepatic vein, branches of the portal vein, and the
liver surface.

Radiation treatment planning systems were used to plan
non-coplanar volumetric-modulated arc therapy (Eclipse,
version 10.0; Varian Medical Systems) or multi-arc dynamic
conformal radiation (FOCUS XiO, version 4.2.0-4.3.3:
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Computerized Medical Systems, St Louis, Mo, USA). Linear
accelerators (Clinac 2100C and iX, Varian Medical Systems,
Inc., Palo Alto, CA, USA) were used to irradiate patients with
6- or 10-MV photons.

CPC-A patients were treated with 40Gy/5 fractions (fr)
over 5 to 9 days. Patients with CPC-B and those with normal
liver V20> 20% in the 40Gy/5 fr plan were treated with
35Gy/5 fr. The prescribed dose was defined as a 60–80% iso-
dose of the maximum dose in PTV, and the prescribed dose
covered 95% of PTV.

Patients were followed up 1 month after the completion
of SBRT and every 3 months thereafter. In each follow-up,
patients were evaluated with diagnostic dynamic MRI or CT
and blood tests.

Endpoints and assessments

The primary endpoint was the 3-year cumulative local tumor
progression rate. Local tumor progression was defined as the
occurrence of progressive disease within the treated region
assessed by mRECIST [15]. Local control was defined as the
absence of local tumor progression. The time to local tumor
progression was measured from the date of the start of SBRT
to local tumor progression. The secondary endpoints were
overall survival (OS), progression-free survival (PFS), toxicity,
treatment after progression, and time to the start of SBRT.
OS was defined as the time from the date of the start of
SBRT to the date of death from any cause. PFS was defined
as the time from the date of the start of SBRT to the date of
disease progression or death from any cause. Acute hemato-
logical and non-hematological toxicities occurring within 3
months of the completion of SBRT were evaluated according
to CTCAE Ver 4.0. Non-classic RT-induced liver disease (RILD)
(an increase in liver enzymes of 5-fold or more above the
upper limit of normal or the worsening of the Child-Pugh
score by 2 points or more) within 3 months of the comple-
tion of SBRT was also evaluated [16]. The cause of death of
all deceased patients was reviewed by two radiation oncolo-
gists to establish whether they were treatment-
related deaths.

Statistical analysis

Local tumor progression was estimated by the cumulative
incidence method, taking death without local tumor progres-
sion into account as a competing risk. We decided to inter-
pret the local control of marker-less SBRT as favorable and
feasible if the upper limit of the 95% confidence interval for
the 3-year cumulative local tumor progression rate was less
than 7.0%. This threshold of 7.0% was selected based on the
findings of our previous study, in which the point estimate
of the 3-year cumulative local tumor progression rate in the
group that underwent SBRT for HCC tumors after TACE to
accumulate lipiodol as a marker was 5.0% [17], as well as the
advantages of marker-less SBRT, such as non-invasiveness
and low labor requirements. A Fine-Gray analysis was per-
formed for the univariate analysis to identify risk factors for
local tumor progression. Regarding factors with p<0.20 in

the univariate analysis, we decided to perform a multivariate
analysis using the Fine-Gray model analysis if more than one
factor was shown to be p<0.20 in the univariate analysis and
the number of local tumor progression events was sufficient
(10 events per factor). OS and PFS were estimated by the
Kaplan- Meier method. Statistical analyses were performed
with EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R (The
R Foundation for Statistical Computing, Vienna, Austria) [18].

Results

In the present study, 180 HCC patients were reviewed
(Supplementary Figure 1). Patient characteristics are shown
in Table 1. Ten patients were treated with SBRT without
markers before April 2010 for the following reasons: poor
renal function and inability to use iodine contrast media 4;
severe arterial calcification and inability to perform TACE 1; a
history of anaphylactic shock due to iodine contrast media 1;
the patient refusal of TACE 1; inability to be admitted for
TACE due to patient’s schedule 1; reason unknown 2.

Local control

The median follow-up time for the local tumor progression
of censored patients was 32.3 months (range, 0.3–104).
During the follow-up period, local tumor progression was
detected in 7 patients. The median time to local tumor

Table 1. Patient characteristics.

Characteristics No. of patients (%)

Number of patients 180
Age: median [range], y 74 [46–93]
No. of females 54 (30)
Type of chronic hepatitis

None 10 (5.6)
HBV 17 (9.4)
HCV 117 (75)
Alcoholic 20 (11)
NASH 8 (4.4)
Others 8 (4.4)

Child–Pugh score
5 132 (73)
6 33 (18)
7 11 (6.1)
8 3 (1.6)
9 1 (0.6)

BCLC stage at treatment
0 61 (34)
A 60 (33)
B 7 (3.7)
C 49 (27)
D 3 (1.6)

Tumor diameter:　median, cm 1.9 [1.0–5.1]
Total dose/fraction

35 Gy/5 fr 21 (12)
40 Gy/5 fr 159 (88)

Isodose
60% 6 (3.3)
70% 153 (85)
80% 21 (11)

Year of treatment
2006.3–2010.3 10 (5.5)
2010.4–2018.12 170 (94)

Abbreviations: BCLC: Barcelona clinic liver cancer staging system; HBV: hepa-
titis B virus; HCV: hepatitis C virus; NASH: nonalcoholic steatohepatitis.
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progression was 15.5 months (range, 12.0–47.0). The 3-year
cumulative local tumor progression rate was 3.0% (95% CI,
1.1–6.5%). (Figure 1). The upper limit of the 95% confidence
interval for this 3-year cumulative local tumor progression
rate met the threshold for interpreting the favorable local
control and feasibility of marker-less SBRT. The tumor diam-
eter was a significant risk factor for local tumor progression
in the univariate analysis (Table 2). The multivariate analysis
was not performed because of insufficient local tumor pro-
gression events.

OS and PFS

The median follow-up time for the OS of censored patients
was 39.1 months (range, 0.3–104). The 3-year OS rate was
71.6% (95% CI, 63.5–78.2%) (Figure 2(a)). The median follow-
up time for the PFS of censored patients was 42.3 months
(range, 0.3–82.7). During the follow-up period, disease pro-
gression occurred in 111 patients. The 3-year PFS rate was
31.2% (95% CI, 24.3–38.4%) (Figure 2(b)).

Toxicity

Acute toxicities were evaluated in patients with 173 patients
because patients with 7 patients were not followed up for 3
months or had insufficient testing. Acute hematological tox-
icity is described in Table 3. Grade 3 hypoalbuminemia and
thrombocytopenia were observed in 1 (0.6%) and 5 (2.9%)
patients as acute hematologic toxicities and in 0 and 3
(1.7%) patients at baseline. No Grade 3 or higher non-hema-
tological hepatic or gastrointestinal acute toxicities were

observed. Non-classic RILD occurred in four patients (2.0%),
all of which were caused by the worsening of the Child-Pugh
score by 2 points or more from baseline (3 patients with 2
points, 1 patient with 3 points). Treatment-related death
from SBRT was not observed.

Treatment after progression

After 111 patients had disease progression, 17 were
untreated, 8 had no details, and 86 received at least one
type of treatment, for a total of 116 types of treatment as

Figure 1. Cumulative local tumor progression curve.

Table 2. Univariate analysis of local tumor progression.

Variable No. of tumors HR (95%CI) p-value

Age 1.00 (0.95–1.05) 0.97
Sex
Male 126
Female 54 0.38 (0.05–2.93) 0.35

Type of chronic hepatitis
HCV 117
Others 63 0.78 (0.16–3.90) 0.76

BCLC stage at treatment
0, A, B 128
C, D 52 1.09 (0.22–5.49) 0.92

Child–Pugh score
5 132
>5 48 1.24 (0.25–6.16) 0.79

Tumor diameter 1.08 (1.02–1.14) 0.011
Total dose/ fraction
35 Gy/5 fr 21
40 Gy/5 fr 159 0.28 (0.056–1.41) 0.12

Isodose
<80% 159
80% 21 1.09 (0.14–8.18) 0.94

Abbreviations: HCV: hepatitis C virus.
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follows: RFA for 29 patients, TACE for 26, transarterial embol-
ization for 2, transarterial infusion chemotherapy for 3, percu-
taneous ethanol injection therapy for 4, SBRT for 34,
sorafenib for 8, lenvatinib for 7, regorafenib for 1, palliative
radiotherapy for bone metastasis for 2. Salvage treatments
for the seven tumors with local tumor progression after SBRT
were as follows: RFA for 1 tumor, TACE for 1, salvage SBRT
for 1, lenvatinib for 1, no treatment for 1, and no details for
2 because of transfer to another hospital after local tumor
progression.

Time to the start of SBRT

The time to the start of SBRT and the reasons for delays are
summarized in Supplementary Table 1. The median times
from the first consultation to planning CT and from planning
to the start of SBRT were 8 days (range, 0–44) and 6 days
(range, 4–26), respectively. SBRT was initiated for 84% (152/
180) of patients within 7 days after radiotherapy planning

CT. There were more than 14days from the first consultation
to treatment planning CT for s 22% (40/180) of patients.
However, in all cases, there were reasons other than prepar-
ation for radiotherapy. In 1.7% (3/180) of patients, the time
from treatment planning CT to treatment initiation was lon-
ger than 14 days due to continuous national holidays.

Discussion

The present study showed that marker-less SBRT for HCC
achieved favorable local control that fulfilled the threshold.
To the best of our knowledge, this is the first study to evalu-
ate the clinical outcomes of marker-less SBRT.

The favorable local control of marker-less SBRT for HCC in
the present study suggests its feasibility. Although previous
reports analyzed the intra- and interfraction motion of HCC
tumors targeted for SBRT by evaluating the motion of fidu-
cial markers [19–22], few investigated whether visual markers
are absolutely necessary or whether marker-less SBRT may
be performed. We performed marker-less SBRT and achieved
favorable local control for HCC by the following measures:
analyzing the relationship between the diaphragm and tar-
get tumor motion, abdominal compression, and the pretreat-
ment fusion of treatment planning CT and cone-beam CT
taken at the same imaging and fixation settings. Based on
the good clinical outcomes of marker-less SBRT in the pre-
sent study, we consider marker-less SBRT for HCC to be feas-
ible under appropriate preparation and treatment settings.

Feasible marker-less SBRT may allow patients to avoid the
complications induced by the implantation of fiducial
markers and TACE. These procedures for marking are invasive
and may cause minor and major complications (fiducial
marker implantation: e.g., pneumothorax, bleeding, subcap-
sular hematoma, and fiducial marker migration to the inferior
vena cava [23–27], TACE: e.g., non-target embolization, aortic
dissection, and infection [28]). The present study showed
that marker-less SBRT is feasible and may avoid these

Figure 2. Kaplan–Meier curves of overall survival (A) and progression-free survival (B).

Table 3. Acute hematological toxicity.

No. of patients (%)

Pre-SBRT (baseline) (n¼ 180)

Grade 0 1 2 3 4 5

AST 114 (63%) 63 (35%) 3 (1.7%) 0 0 0
ALT 139 (77%) 38 (21%) 3 (1.7%) 0 0 0
Total bilirubin 144 (80%) 31 (17%) 5 (2.7%) 0 0 0
Albumin 132 (73%) 45 (25%) 3 (1.7%) 0 0 0
Platelets 86 (48%) 76 (42%) 15 (8.3%) 3 (1.7%) 0 0

Post-SBRT (n¼ 173)

Grade 0 1 2 3 4 5

AST 106 (61%) 63 (36%) 4 (2.3%) 0 0 0
ALT 137 (79%) 34 (20%) 2 (1.2%) 0 0 0
Total bilirubin 123 (71%) 35 (20%) 15 (8.7%) 0 0 0
Albumin 103 (60%) 62 (36%) 7 (4.0%) 1 (0.6%) 0 0
Platelets 65 (36%) 79 (46%) 24 (14%) 5 (2.9%) 0 0

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase;
SBRT: stereotactic body radiotherapy.
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complications from invasive marking procedures without
impairing local control.

The marker-less strategy may enable the prompt prepar-
ation of SBRT for HCC and improve treatment outcomes. The
delay from the diagnosis to treatment of HCC has been sug-
gested to worsen clinical outcomes due to tumor progres-
sion [29,30]. Both marking procedures, implanting fiducial
markers and TACE, generally necessitate hospitalization and
labor; therefore, delays before marking may occur due to the
availability of hospitalization and marking. Radiotherapy
planning CT may be postponed for approximately one week
from the implantation of markers to ‘settle’ the markers in
order to decrease the risk of their migration and alleviate
inflammation [31–33]. Comparisons of the promptness of
preparing SBRT for HCC are difficult because limited informa-
tion is currently available on the time needed to prepare for
SBRT for HCC. However, in the present study, the median
times from the first consultation to planning CT and from
planning CT to the start of SBRT were 8 and 6 days, respect-
ively, and SBRT was started within 7 days from planning CT
for 83% of tumors. Therefore, we assume that marker-less
SBRT allows for a shorter preparation time for SBRT, which
may improve outcomes by minimizing tumor growth.

The present study had several limitations. There might be
biases due to the retrospective nature of the study. In add-
ition, we used time-averaged fast scan CT as radiotherapy
planning CT, not 4-dimensional computed tomography (4D-
CT), which is generally used for SBRT radiotherapy planning
for HCC [9]. However, time-averaged fast scan CT and 4D-CT
provide similar averaged imaging and we consider marker-
less SBRT using 4D-CT to also be feasible under appropriate
treatment settings with respiratory motion management,
margin settings, and set-up.

In summary, the present results suggest that marker-less
SBRT for HCC with appropriate settings is feasible due to its
favorable local control. Marker-less SBRT for HCC is a promis-
ing strategy that allows patients to avoid the complications
induced by marking as well as prompt preparation without
impairing local control.
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