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Abstract

AIM: To compare therapeutic outcomes and adverse
events in initial solitary hepatocellular carcinoma
(HCC) treated with radiofrequency ablation (RFA) and
CyberKnife®.

METHODS: Seventy three consecutive patients with
initial solitary HCC treated with RFA (38 patients;
RFA group) and CyberKnife® (35 patients; CK group)
were enrolled in this study. Background factors
were compared between the two groups. Local and
intrahepatic distant recurrence control, and cumulative
survival rates were compared between the two groups.
These were determined using the Kaplan-Meier method,
and the significance of differences was analyzed by log-
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rank test. The presence of more grade 3 on CTCAE ver.
4.0 early and late adverse events was investigated.

RESULTS: In background factors, age was significantly
higher (P = 0.005) and the tumor diameter was
significantly larger (P = 0.001) in the CK group. The
1-year local recurrence control rates were 97.4%
and 97.1% in the RFA and CK groups, respectively (P
= 0.71); the 1-year intrahepatic distant recurrence
control rates were 85.6% and 86.1%, respectively (P
= 0.91); and the 1-year cumulative survival rates were
100% and 95.2%, respectively (P = 0.075), showing
no significant difference in any rate between the two
groups. There were no late adverse event in the RFA
group, but 11.4% in the CK group had late adverse
events. In the CK group, the Child-Pugh score at 12 mo
after treatment was significantly higher than that in the
RFA group (P = 0.003) and significantly higher than the
score before treatment (P = 0.034).

CONCLUSION: The occurrence of adverse events is a
concern, but CyberKnife® treatment is likely to become
an important option for local treatment of early HCC.

Key words: Hepatocellular carcinoma; Radiofrequency
ablation; Stereotactic body radiotherapy; CyberKnife®;
Adverse event
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Core tip: To compare therapeutic outcomes and adverse
events in initial solitary hepatocellular carcinoma
(HCC) treated with radiofrequency ablation (RFA; 38
patients) or CyberKnife® (35 patients). The 1-year
local recurrence control, the 1-year intrahepatic distant
recurrence control and the 1-year cumulative survival
rates were no significant difference in any rate between
the two groups. In the CyberKnife® group, the Child-
Pugh score at 12 mo after treatment was significantly
higher than that in the RFA group and significantly
higher than the score before treatment. The occurrence
of adverse events is a concern, but CyberKnife® is likely
to become an important option for local treatment of
early HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a common malig-
nancy worldwide, causing more than 500000 deaths
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every year. The incidence of HCC has increased
globally due to the spread of hepatitis B and C virus
infections?. In Japan, therapeutic policy for HCC is
mainly decided based on the Evidence-based Clinical
Practice Guidelines for HCC developed by the Japan
Society of Hepatology (JSH)®™. For HCC with liver
damage A or B and 3 or fewer tumors with a diameter
of 3 cm or smaller, liver resection and percutaneous
ablation therapy are selected. However, most patients
with HCC confined to the liver are not candidates
for resection because of the frequent association
with cirrhosis and other contraindications. Liver
resection is also associated with a recurrence rate of
40%-60%"*!. Thus, many HCC patients are treated
with percutaneous ablation therapy. Radiofrequency
ablation (RFA) was introduced in Japan in 1999 and
has been covered by national health insurance since
April 2004. RFA is performed at many institutions
because it can coagulate a wide area in one session
compared to other percutaneous treatments, such
as percutaneous ethanol injection therapy, and local
control is high'®.

CyberKnife® (Accuray Incorporated, Sunnyvale,
CA, United States) stereotactic body radiotherapy
(SBRT) is image-guided robotic radiosurgery using a
radiation delivery platform that can detect and correct
for intrafraction tumor motion, as well as adapt to
the patient’s breathing pattern by moving the linear
accelerator in concert. CyberKnife® was developed
in the United States in 1992, first applied clinically in
1994, and introduced in Japan in 1997. CyberKnife® can
be used to perform multidirectional irradiation and
disperse the dose among normal tissues due to a
high degree of freedom in the direction of irradiation.
Therefore, irradiation in CyberKnife® treatment is more
intensive than that in SBRT using a conventional Liniac
system.

The therapeutic indications of CyberKnife® originally
included brain tumor and head and neck cancer. Use
for cancer in the trunk, including HCC, was begun
after approval in June 2008. Tumors in the trunk
move with respiration, but CyberKnife® detects minute
body movements and fine-tunes the irradiation angle
using a seeker. Therefore, this approach has potential
as a novel local treatment for HCC due to its low
invasiveness and reduced burden on the patient!®,

In the 10 years since introduction of RFA for
treatment of HCC in Japan, the therapeutic outcome
and adverse events in RFA-treated HCC have been
widely reported®'?, In contrast, there have only been
a few studies on the therapeutic outcome of HCC
treated with SBRT including CyberKnife®”#!*3 and,
to our knowledge, there has been no comparison of
therapeutic outcomes and adverse events in HCC
between RFA and CyberKnife®. This comparison is
important in determining the indication of CyberKnife®
treatment for HCC. In this study, we compared the-
rapeutic outcomes and adverse events in patients with
initial solitary HCC treated with RFA or CyberKnife®
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in almost the same period at our hospital and related
institutions, and retrospectively investigated the
efficacy of CyberKnife® for HCC treatment.

MATERIALS AND METHODS

Patient characteristics

The subjects were 73 patients with initial solitary
HCC without comorbidity like cardiac, pulmonary and
celebral diseases, and treated with RFA or CyberKnife®
between October 2011 and September 2014 at
our hospital and related institutions. There were 38
consecutive patients treated with RFA (RFA group) and
35 consecutive patients treated with CyberKnife® (CK
group). All patients were diagnosed with HCC using
gray-scale ultrasonography (US), dynamic computed
tomography (CT) and Gd-EOB-DTPA-enhanced
magnetic resonance imaging (MRI) (EOB-MRI) based
on the new guideline of the American Association for
the Study of Liver Diseases!*, Serum o-fetoprotein
(AFP), AFP-L3 fraction, and des-y-carboxyprothrombin
(DCP) levels were referred to, as needed. If a
diagnosis was difficult based on these examinations,
ultrasound-guided percutaneous transhepatic tumor
biopsy was performed and the diagnosis was made
histopathologically.

We chose treatments for all patients based on
the Evidence-based Clinical Practice Guidelines for
HCC published by the JSH. The RFA group comprised
patients with liver damage A or B, and a solitary
tumor with a diameter < 3 cm, and in whom liver
resection was not indicated because they were elderly,
had other underlying diseases, or did not want liver
resection. Among the adaptation cases of RFA, we
chose CyberKnife® treatment for elderly patients and
patients with respiratory disease for whom breath-
holding was difficult, those for whom RFA could not
be safely performed because of the location of HCC,
and those who requested CyberKnife® treatment. The
patients met the following indications established at
related institutions based on reports on HCC treated
with SBRT: (1) A performance status < 2; (2) Child-
Pugh classification A to B (scored 8); (3) serum T-Bil
< 3 mg/dL; (4) ICG 15-min < 50%; (5) absence of
ascites; (6) solitary tumor < 5 cm; (7) tumor located
=1 cm from the intestine; (8) tumor not in contact
with the gall bladder; and (9) absence of distant
metastasis. Patients in both groups were all initial
(non-recurrent) cases.

RFA procedure

RFA was performed using a Cool-tip RF System
(Covidian, Boulder, CO, United States) or a CelonPower
System!*! (Olympus Medical Systems, Tokyo, Japan).
All patients underwent ultrasound-guided RFA. Artificial
pleural or ascitic fluid (500-1000 mL of 5% glucose
solution) was used to facilitate visualization of lesions
with a subcapsular location or in the vicinity of the
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diaphragmatic dome, since these were difficult to
visualize by US.

The Cool-tip RF System had a 17-gauge cooled-
tip electrode with a 20- or 30-mm exposed tip. For
the 20-mm exposed tip, the initial power output was
40 W. This was increased by 10 W/min to a maximum
of 60 W. For the 30-mm exposed tip, the initial power
output was 60 W, and this was increased by 10 W/min
to a maximum of 90 or 100 W. For each tip, RF energy
was delivered 1 to 3 times until impedance increased
beyond the limit of the generator. After completion of
ablation, the RF needle was energized at 60 W and
removed while ablating the needle tract.

The CelonPower System generator had needle-
type bipolar applicators with electrodes of 3 cm in
length. The total energy and output were based
on the standard dosimetry table. RF current was
generated using automated control of the output
with a resistance-controlled power function. Ablation
times using 2 and 3 applicators were 17 and 16 min,
respectively.

When the ranges ablated using the two RF systems
were judged to be insufficient based on US findings
during treatment or in dynamic CT performed 2-4 d
after treatment, ablation was repeated using the same
procedure on the same day or the day after dynamic
CT.

CyberKnife® procedure
SBRT was performed with CyberKnife®, a robotic
image-guided whole body radiosurgery system
equipped with a synchrony system for real-time
respiratory tracking of target volumes that move
with respiration. Overall accuracy is < 1.5 mm with
synchrony for mobile targets, with a treatment
accuracy of 0.3 mm. Since CyberKnife® treatment
of cancer in the trunk, including HCC, cannot be
performed using the skeleton as the focal point (in
contrast to the skull in head and neck cancer), a
gold fiducial marker was implanted percutaneously
around the perimeter of the target volume using an
ultrasound-guided procedure prior to acquisition of a
planning CT scan. The gold fiducial marker is a coiled
device (0.75 mm in diameter and 5 mm in length)
that is implanted around the target lesion. For a lesion
in the right or left lobe of the liver, the marker could
be implanted in the right or left lobe, except for a S6
lesion.

Treatment planning CT was performed at least 7
d after fiducial placement. Patients were immobilized
on a vacuum mattress or a self-expanding foam
mattress in the treatment position (supine). A spiral
CT scan without contrast and a three-phase scan
with contrast (arterial, portal, and equilibrium) were
acquired for planning. The gross tumor volume (GTV)
was contoured on the contrast-enhanced lesion visible
on the partial-exhale contrast-enhanced CT scan.
Tumor tracking was performed during treatment
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Table 1 Patient characteristics

Variable RFA (n = 38) CyberKnief® (n = 35) P value

Observation period 561 (range 222-1223) 379 (range 203-1065) 0.15

Age (yr), mean + SD 68.7 £10.5 (range 42-86) 75.1.7 £ 8.1 (range 55-89) 0.005

Gender 0.82
Male/female 27/11 24/11

Etiology 0.32
HBV/HCV/alchol/other 9/18/3/8 4/23/1/7

Child-Push classification, A/B 31/7 28/7 0.86

Tumor size 17.5 £ 6.1 (range 7-29) 28.6 +11.5 (range 12-50) 0.001

P < 0.05, statistical significant. RFA: Radiofrequency ablation; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

using the inserted fiducial marker. The clinical target
volume (CTV) was defined as the GTV with a 10-mm
margin in all directions within the liver. A 1.5-mm
margin was applied to the CTV to obtain the planning
target volume (PTV). The total dose was 60 Gy and
the dose was increased or decreased based upon
the tumor size, location and residual liver function to
give 95% PTV coverage. Irradiation was divided into
3 to 5 fractions. The irradiation range of the hepatic
parenchyma surrounding the tumor was = 17 Gy and
the irradiated site was << 20% of the whole liver.

Statistical analysis

Outcomes: The course was followed in both groups
using changes in tumor markers and liver function in
blood tests at 1, 3, 6 and 12 mo after treatment and
at appropriate timepoints thereafter; the presence
of local and intrahepatic distant recurrence detected
on dynamic CT, contrast-enhanced US and EOB-MRI;
and adverse events. Background factors of median
observation periods, mean age, sex (male/female),
Child-Pugh classification (A/B), and mean tumor
diameter were compared between the two groups by
2’ test, Student t-test, and Mann-Whitney U-test.

Local and intrahepatic distant recurrence control,
and cumulative survival rates were compared between
the two groups. Local recurrence was defined as
recurrence of the treated lesion and intrahepatic
distant recurrence was defined as recurrence beyond
2 cm from the treated area. For instance, in large
segments such as segment VI, a recurrence within the
segment but beyond 2 cm from the previously treated
area is considered distant recurrence, although if in the
same segment. Only death from HCC or liver failure
(i.e., liver disease-related death) was regarded as a
fatal case. Local and intrahepatic distant recurrence
control, and cumulative survival rates were determined
using the Kaplan-Meier method, and the significance
of differences was analyzed by log-rank test. Kaplan-
Meier curves were also prepared setting the baseline
at the day of treatment. Factors involved in local and
intrahepatic distant recurrence, including the tumor
diameter in the RFA group and the tumor diameter and
total dose in the CK group, were analyzed by Student
t-test.

Baishidenge ~ WJG | www.wjgnet.com

13493

Adverse events: The presence of grade 3 or more
severe early and late adverse events was investigated
based on the Common Terminology Criteria for
Adverse Events (CTCAE) ver. 4.0. Changes in the
Child-Pugh score from before treatment to 1, 3, 6
and 12 mo after treatment were analyzed by two-
way repeated measures ANOVA. Adverse events that
developed during treatment and within 3 mo after
treatment were defined as early complications, and
those that developed 4 mo to one year after treatment
were defined as late complications.

P value < 0.05 was regarded as significant in all
statistical analyses. The study was approved by the
Ethical Review Board of Toho University Medical Center,
Omori Hospital.

RESULTS

Background

The median length of observation periods in the RFA
and CK groups were 561 and 379 d, respectively, with
no significant difference between the groups. In the
RFA group, the mean age was 68.7 £ 10.5 years old,
and there were 27 males and 11 females. The Child-
Pugh classification was A in 31 and B in 7 cases before
treatment, and the mean tumor diameter was 17.5 £
6.1 mm. In the CK group, the mean age was 75.1 £ 8.1
years old, and there were 24 males and 11 females.
The Child-Pugh classification before treatment was A
in 28 and B in 7 cases, and the mean tumor diameter
was 28.6 £ 11.5 mm. Age was significantly higher (P
= 0.005) and the tumor diameter was significantly
larger (P = 0.001) in the CK group (Table 1).

Outcomes
The 1-year local recurrence control rates were 97.4%
and 97.1% in the RFA and CK groups, respectively
(P = 0.71) (Figure 1); the 1l-year intrahepatic distant
recurrence control rates were 85.6% and 86.1%,
respectively (P = 0.91) (Figure 2); and the 1-year
cumulative survival rates were 100% and 95.2%,
respectively (P = 0.075), showing no significant
difference in any rate between the two groups (Figure
3).

In the RFA group, local recurrence occurred in 3
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Figure 1 Kaplan-Meier local recurrence curve. Comparison of the 1-year
local recurrence control rates between the radiofrequency ablation (RFA) group
and the CyberKnife® group (P = 0.71).

—
o
o

—— CyberKnife®
——————— RFA

0.80

0.60 -

0.40 -

o
o
S

1 1 1 1
200 400 600 800 1000

intrahepatic distant recurrence control rate (%)

|
1200 d

o

Figure 2 Kaplan-Meier intrahepatic distant recurrence curve. Comparison
of the 1-year intrahepatic distant control rates between the radiofrequency
ablation (RFA) group and the CyberKnife® group (P = 0.91).

patients and the tumor diameters were 10, 18 and 25
mm, respectively. In the CK group, local recurrence
occurred in 3 patients and the tumor diameters and
total dose were 18 mm/60 Gy, 33 mm/39 Gy, and
46 mm/36 Gy, respectively. The tumor diameters of
2 of the 3 patients in the CK group were greater than
the mean of all patients in the group, and the mean
total dose was slightly lower than that for the whole
group. Intrahepatic distant recurrence occurred in 9
patients in the RFA group, but there was no significant
difference in the tumor diameter in these cases
compared to others in the group (P = 0.87) (Table 2).
Intrahepatic distant recurrence occurred in 7 patients
in the CK group, and the incidence was significantly
higher in cases with a large tumor diameter (P =
0.045) and low total dose (P = 0.036) (Table 3). In the
RFA group, RFA was performed for all local recurrence
(3 cases), and for intrahepatic distant recurrence
(9 cases), RFA and transarterial chemoembolization
(TACE) were performed for 7 and 1 cases, respectively
and untreated case was 1. In the CK group, for local
recurrences (3 cases), CyberKnife® treatment and
TACE were performed for 2 and 1 cases, and for
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Figure 3 Clinical example of good responder patient by CyberKnife®. A
72-year old male with hepatitis C virus cirrhosis received CyberKnife® therapy
at a dose of 50 Gy in 5 fractions for hepatocellular carcinoma sized 28 mm
in diameter in S6/7. A: Dynamic computed tomography (CT) scan in arterial
phase before the treatment showed a hypervascular lesion in S6/7 (arrow); B:
Axial view of radiation dose distribution; C: The lesion did not be distinguished
on dynamic CT scan in arterial phase 12 mo after the treatment (arrow). This
therapeutic response was described as a complete response.

intrahepatic distant recurrence (7 cases), CyberKnife®
treatment and TACE were performed for 3 each and
untreated case was 1.

Adverse events

There were no early adverse events in either group.
There were also no late adverse event in the RFA
group, but 4 of the 35 patients (11.4%) in the CK
group had late adverse events. All 4 patients had
ascites, and two of these patients were liver disease-
related fatal cases, and the Child-Pugh score in
both patients was higher at 12 mo after treatment
compared to that before treatment (Figure 4). In
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Table 2 Risk factor of intrahepatic distant recurrence in the
radiofrequency ablation group

RFA

Distant recurrence (-) Distant recurrence (+) P value

n 29 9
Tumor size (mm) 174+6.2 178+ 6.0 0.87

Data are expressed as the mean + SD. RFA: Radiofrequency ablation.

Table 3 Risk factor of intrahepatic distant recurrence in the
CyberKnife® group

CyberKnife”
Distant recurrence  Distant recurrence P value
() (+)
n 28 7
Tumor size (mm) 26.6+11.1 36.3 £10.6 0.045
Total dose (Gy) 50.6 £7.8 43.6 6.7 0.036

Data are expressed as the mean + SD. P < 0.05, statistical significant.

the CK group, the Child-Pugh score at 12 mo after
treatment was significantly higher than that in the RFA
group (P = 0.003) and significantly higher than the
score before treatment (P = 0.034) (Figure 5).

DISCUSSION

Chronic hepatitis and liver cirrhosis are present in the
background liver as an underlying disease in many
HCC cases. In addition to tumor factors such as the
tumor diameter and number of tumors, background
factors including liver function are important in
deciding on a treatment method. Several stage
classification systems are used to evaluate hepatic
functional reserve, including the Barcelona Clinic
Liver Cancer Staging System!’®'”!, Okuda Staging
System™®, and Cancer of the Liver Italian Program
Scoring System™, In Japan, the therapeutic policy
is mainly decided using the Evidence-based Clinical
Practice Guidelines for HCC of the JSH™!, although with
some differences among institutions. For early HCC
with liver damage A or B and < 3 tumors and a tumor
diameter < 3 cm, liver resection and percutaneous
ablation therapy are recommended. Liver resection
is the primary curative treatment for HCC, with a
current 5-year survival rate of about 70%, especially
for small HCCs < 5 cm in diameter, due to improved
surgical techniques and postoperative management®®”.,
However, liver resection is only an option in 10%
to 30% of patients at diagnosis for various clinical
reasons®!l, Moreover, intrahepatic distant recurrence
occurs after liver resection in many cases due to
multicentric carcinogenesis®”, a characteristic of HCC,
and some patients do not want liver resection.

For these reasons, many institutions perform RFA
as the first choice for treatment of early HCC. RFA is
the most common ablation modality worldwide with
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Figure 4 Clinical example of patient had late adverse events by
CyberKnife®. A 66-year old male with hepatitis B virus cirrhosis received
CyberKnife® therapy at a dose of 42 Gy in 3 fractions for hepatocellular
carcinoma sized 40 mm in diameter in S4. The Child-Pugh score before the
treatment was 7 and the score rose with 13 when 12 mo after the treatment.
After he died of liver failure. A: Dynamic computed tomography (CT) scan in
arterial phase before the treatment showed a hypervascular lesion in S4 (arrow);
B: The lesion was showed as a hypovasclular lesion on dynamic CT scan in
arterial phase 12 mo after the treatment (arrow), but dynamic CT scan showed
liver atrophy and massive ascites.

80%-95% complete tumor necrosis and a 33%-57%
5-year survival rate in patients with small HCC*?,
A recent retrospective study found that overall
survival (OS) and disease-free survival with RFA were
significantly better than those with liver resection for
central HCC < 2 cm in diameter™™. With advances
in RF systems and techniques, the therapeutic effect
of RFA is now comparable to that of liver resection.
However, even though the tumor diameter and
number of tumors meet the indication, RFA is not
applicable in cases with the tumor in a deep region,
directly under the liver dome, or near a thick blood
vessel or bile duct, or if the tumor cannot be visualized
by US including CEUS. CyberKnife® may be a good
indication for such cases.

CyberKnife® for cancers of the trunk was approved
in Japan relatively recently, and the therapeutic effect
and adverse events in application to these cancers,
including HCC, remain unclear. For this reason, we
compared the utility of CyberKnife® treatment of HCC
with that using RFA in the same period in the same
institutions. The subjects were limited to patients
with an initial solitary HCC. The background factors
in the groups were mostly similar, but there were
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Figure 5 Changes in the Child-Pugh score from before treatment to 12 mo
after treatment. In the CyberKnife® group, the Child-Pugh score at 12 mo after
treatment was significantly higher than that in the radiofrequency ablation (RFA)
group (°P = 0.003) and significantly higher than the score before treatment (°P =
0.034).

significantly more elderly patients and larger tumor
diameters in the CK group. Since CyberKnife® can
detect and respond to a respiratory fluctuation-induced
slight movement of the target lesion, it may be a good
indication for elderly patients for whom breath-holding
during RFA puncture is difficult. In addition, only a one-
day hospital stay is required to place a gold fiducial
marker for the irradiation target, and irradiation is
applied for 3-5 d at an outpatient clinic, which reduces
medical costs and causes less interference with daily
life. Because of this low invasiveness, there has been
an increase in elderly patients requesting CyberKnife®,
which may have been reflected in our results. The
tumor diameter was < 3 cm in the RFA group due to
the guidelines for RFA, but a tumor of diameter < 5
cm may be included in the indication of CyberKnife®.

The local control rate did not differ significantly
between the two groups. Several previous studies
have examined CyberKnife® for liver tumors, including
liver metastasis and cholangiocellular carcinoma (CCC).
Bibaut et al**? found 1- and 2-year local control rates of
89.8% in a study on CyberKnife® applied to 96 nodes
in 75 HCC patients; and Janoray et af'®!, Choi et al*®,
and Cardenes et al'””? reported 1-year local control
rates of 84% in 21 HCC patients, 71.9% in 32 HCC
patients, and 100% in 25 HCC patients, respectively.
In contrast, Yoon et al®® found 1- and 3-year local
control rates of 94.8% and 92.1%, respectively, in 103
HCC nodes treated with conventional SBRT, indicating
that the outcome of CyberKnife® is almost equivalent
to conventional SBRT. The 1-year local control rate was
97.1% in the CK group in the current study.

The tumor diameter exceeded 30 mm (33 and
46 mm) in 2 of the 3 cases with local recurrence in
the CK group, and the total doses were 39 and 36
Gy, respectively, which were lower than those in the
other patients. It has occasionally been reported
that there is no correlation between development of
local recurrence and total dose in use of conventional
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SBRT™. Using CyberKnife®, Janoray et a/** found
a 1-year local control rate of 100% in cases treated
with a total dose of 60 Gy, and Dewas et al*! showed
that the local control rate was significantly higher in
cases with a total dose of 45 Gy compared to < 45
Gy in 99 patients with liver metastasis, 48 with HCC,
and 6 with CCC. The reasons for the differences in the
association of local recurrence with total dose between
conventional SBRT and CyberKnife® are unclear, but it
cannot be ruled out that total dose is related to local
recurrence after CyberKnife® treatment.

Large tumors, such as those with a diameter of =
30 mm or volume = 32 mL, are significantly more
likely to show local recurrence after conventional
SBRT*3%, In this study, the tumor diameter was >30
mm in two cases with local recurrence in the CK group,
which suggests that the diameter is also an important
factor in local control in treatment with CyberKnife®.
Currently, CyberKnife® is indicated for tumors with
a diameter = 30 mm at our hospital and related
institutions, but it is uncertain if this tumor diameter
cut-off is appropriate. Moreover, local recurrence was
also noted in a case with a tumor diameter of 18 mm.
Not only the tumor diameter but also the degree of
differentiation of HCC, tumor marker® and serum
ferritin®?! may be involved in local control, and this
also applies to RFA. It will be necessary to investigate
many cases to establish the indication for CyberKnife®
treatment, including the tumor diameter and degree of
differentiation.

There was no significant difference in the intrahepatic
distant recurrence control rate between the RFA
and CK groups. Bibaut et a/f'*®! found an incidence of
intrahepatic distant recurrence of 24% (18/75 cases)
over a median observation periods of 10 mo (30-49
mo). Our study had a similar incidence of 20% (7/35
cases) over a median observation periods of 379
d. There was no significant correlation between the
tumor diameter and intrahepatic distant recurrence
in the RFA group, but the incidence was significantly
higher in cases with a large tumor treated with low
total dose in the CK group. Risk factors for intrahepatic
distant recurrence after treatment of HCC with SBRT
have not been examined in detail, but it is well known
that intrahepatic metastasis undetectable by imaging
can be present in large HCC. Thus, there is a general
risk of intrahepatic distant recurrence in cases of HCC
with a large tumor diameter, and the required total
dose should be fully investigated before CyberKnife®
treatment.

The observation period was short, but there was
no significant difference in OS between the RFA and
CK groups. The Japanese Nationwide Survey reported
3-year OS rates of HCC patients treated with RFA
of 82%-88% and 66%-82% in patients with tumor
diameters of < 20 mm and 21-50 mm, respectively”>,
The 1- and 2-year OS rates were 78.5% and 50.4%,
respectively, in Bibaut et a/'¥, and Janoray et a/*!
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found a 1-year OS of 89% in 56 patients with liver
tumors, including liver metastasis. These results show
that CyberKnife® achieved OS equivalent to that
in other standard local treatment for liver tumors,
including HCC. The 1-year OS rate was 95.2% in our
study, which is more favorable than those in previous
reports. This may have been due to limiting the
subjects to those with an initial solitary tumor.

There were two liver disease-related fatal cases
in the CK group. Both patients had grade 3 or more
severe late adverse events (CTCAE ver.4.0) and the
Child-Pugh score increased at 12 mo after treatment
compared to that before treatment. In previous
reports, grade 3 or more severe hepatotoxicity
occurred at rates of 0-25.8% within 3 mo after
conventional SBRT™®, and Sanuki et al'**' found a
rate of grade 3 or more severe early adverse events
of 13% after SBRT. In contrast, Bibaut et al? found
grade 1-2 adverse events, such as hepatic pain,
nausea, and asthenia, in 15%-17% of cases after
CyberKnife® treatment, but no radiation-induced liver
disease (RILD)® in any patient. In our study, grade
1-2 nausea and malaise occurred in several patients,
but the incidences of grade 3 or more severe early
and late adverse events were lower than those after
conventional SBRT.

In previous studies of SBRT for HCC™"*!, the
total dose was significantly correlated with adverse
events. The incidence of hepatotoxicity was high
in cases with Child-Pugh classification B, and liver
cirrhosis progressed with repeated SBRT. Compared
to conventional SBRT, the beam direction can be
freely set because it can be moved using a robot
arm, and the number of beams and the total dose
centrality are high with CyberKnife®, which may
reduce adverse effects. However, RILD may develop
following CyberKnife® treatment, and the Child-Pugh
classification changed from A to B in 16.1% of 31 HCC
patients™. In our study, the Child-Pugh score was
significantly higher at 12 mo after treatment in the
CK group compared to the RFA group, and in the CK
group death occurred in two cases in which the Child-
Pugh score was significantly higher than that before
treatment. The incidence of serious complications
induced by CyberKnife® may be lower than with
conventional SBRT, but such complications may affect
the outcome. Thus, the hepatic functional reserve
should be fully evaluated before CyberKnife® treatment
and adverse events should be carefully monitored, as
for conventional SBRT.

The limitations of this study include the small
number of cases, the different criteria in the both
groups, the heterogeneous in two aspects that
precisely have an impact in both the relapse and
the survival, the short observation period, and the
retrospective design. The ideal design for compari-
son between different techniques is a randomized
controlled trial or at least a propensity score analysis.
Moreover, less than 2 years of follow up are even less
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reliable with regard to survival, local and intrahepatic
distant recurrence control rate. However, the results
suggest that the therapeutic effect of CyberKnife® for
HCC was equivalent to that of RFA as a pilot study.

In some cases, RFA is difficult because of the tumor
location, and liver resection and the breath-holding
during RFA puncture may be a risk in elderly patients
with HCC, the number of whom is likely to increase.
Including the cost of hospitalization, the costs of RFA
and CyberKnife® were 380000 and 630000 yen,
respectively and the cost performance of CyberKnife®
is higher in approximately 2 times than RFA treatment
in Japan. However, CyberKnife® is a low-invasive
procedure that is synchronous with respiration and
requires no breath holding. Based on the hepatic
functional reserve, this procedure may be a good
indication for cases with difficulty with RFA.

In conclution, there were many elderly patients
and large tumors in the CK group, but the therapeutic
outcome was equivalent to that in the RFA group.
Tumors with a diameter of < 30 mm are a good
indication for CyberKnife®. Relatively favorable
outcomes were achieved in cases with a tumor
diameter of 30-50 mm, but a further investigation
is needed before these can be included in the
indication, in consideration of the patient background.
The occurrence of adverse events is a concern,
but CyberKnife® treatment is likely to become an
important option for local treatment of early HCC.

COMMENTS

Background

Radiofrequency ablation (RFA) for hepatocellular carcinoma (HCC) is
performed at many institutions because it can coagulate a wide area in one
session, and local control is high. Recently, CyberKnife® became the adaptation
in the cancer of the trunk, including HCC. Tumors in the trunk move with
respiration, but CyberKnife® detects minute body movements and fine-tunes
the irradiation angle using a seeker. Therefore, this approach has potential as a
novel local treatment for HCC due to its low invasiveness and reduced burden
on the patient.

Research frontiers

The authors compared therapeutic outcomes and adverse events in patients
with initial solitary HCC treated with RFA or CyberKnife®, and retrospectively
investigated the efficacy of CyberKnife® for HCC treatment. In this study, there
were many elderly patients and large tumors in the CyberKnife® group, but the
therapeutic outcome was equivalent to that in the RFA group.

Innovations and breakthroughs

CyberKnife® detects minute body movements and fine-tunes the irradiation
angle using a seeker. Therefore, this approach has potential as a novel local
treatment for HCC due to its low invasiveness and reduced burden on the
patient.

Applications
The occurrence of adverse events is a concern, but CyberKnife® treatment is
likely to become an important option for local treatment of early HCC.

Terminology

CyberKnife® stereotactic body radiotherapy is image-guided robotic radio-
surgery using a radiation delivery platform that can detect and correct for
intrafraction tumor motion, as well as adapt to the patient’s breathing pattern by
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moving the linear accelerator in concert.

Peer-review
The main strength of the paper by Shiozawa et al is its novelty as studies
directly comparing RFA and CyberKnife® for HCC are lacking.
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