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who underwent both EBRT and ILBT in the original cohort
could be assigned to a patient from the 153 of the original
cohort who underwent EBRT alone to form matched pairs,
so that a new cohort of 112 patients could be generated who
were well balanced in terms of sex, age, PS, clinical stage,
jaundice, and addition of chemotherapy. Because the
number of ILBT— patients was far more than that of
ILBT+ patients in the original cohort, we generated
another cohort with a 1:2 ratio of patients (56 ILBT+:112
ILBT—) and another 3 cohorts without the respective
matching factors of sex, age, and PS. The total of 5 sta-
tistical calculations revealed that ILBT had no impact on
OS or DSS for RT for unresectable biliary tract cancer,
which was the most important finding of this study. The
survival curves of the ILBT+ and ILBT— groups were
almost identical in terms of OS and DSS (Fig. 2a,b),
whereas ILBT showed a significant or marginally signifi-
cant benefit for LC in all the 5 calculations (P=.010, .025,
.049, 068, and .094). An additional analysis showed a
stronger association with better PS and earlier clinical stage
for the ILBT+ patients with long-term LC. This suggests
that ILBT may be indicated for the treatment of such
patients.

This study has several major limitations. First, it was
based on retrospective data, so that, despite patient
matching, important differences between the 2 treatment
modalities may still exist. It should be especially noted that

the dose fractionations for EBRT and ILBT and the dose
prescription method of ILBT used in this study were not
uniform because of its retrospective nature. This study
included only high-dose-rate brachytherapy, so that any
conclusions can be applied only to high-dose-rate, not to
low-dose-rate, brachytherapy. A further limitation of the
study is the lack of specific chemotherapy data on cycles
and type, acute and long-term toxicity data, information on
biliary duct patency, and information on requirement of
palliative interventions (ie, requirement for biliary cathe-
ters) after RT. However, we believe that the current study
provides significant evidence for identification of the role
of ILBT, because our study covered the largest number of
patients reported thus far and provides a direct comparison
of ILBT+ and ILBT— performed with the best achievable
statistical method. 4

Conclusion

The findings of our propensity-score matched-pair analysis
lead us to conclude that ILBT has no discernible impact on
OS or DSS for RT for unresectable biliary tract cancer.
However, ILBT is associated with better LC, especially for
patients with better PS and early clinical stage. Therefore,
the role of ILBT should be addressed by other measures
than survival benefit, for example, by less toxicity,
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prolonged biliary tract patency decreasing the need for
further palliative interventions, or patient quality of life.
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Purpose: The purpose of this study was to quantify the target
coverage, homogeneity, and robustness of the dose distribu-
tions against geometrical uncertainties associated with four
whole breast radiotherapy techniques. Methods: The study was
based on the planning-computed tomography-datasets of 20
patients who underwent whole breast radiotherapy. A total of
four treatment plans (wedge, field-in-field [FIF], hybrid intensity-
modulated radiotherapy [IMRT], and full IMRT) were created for
each patient. The hybrid IMRT plans comprised two opposed
tangential open beams plus two IMRT beams. Setup errors were
simulated by moving the beam isocenters by 5 mm in the anter-
ior or posterior direction. Results: With the original plan, the
wedge technique yielded a high volume receiving >107% of the
prescription dose (Vior; 7.5% +4.2%), whereas the other three
techniques yielded excellent target coverage and homogeneity.

A 5 mm anterior displacement caused a large and significant in-
crease in the Vier (+5.2% +4.1%, p<0.01) with the FIF plan, but
not with the hybrid IMRT (+0.4% = 1.2%, p=0.11) or full IMRT
(+0.7%+1.8%, p=0.10) plan. A 5-mm posterior displacement
caused a large decrease in the Ves with the hybrid IMRT (-2.5%
3.7%, p<0.01) and full IMRT (-4.3% = 5.1%, p<0.01) plans, but
not with the FIF plan (+0.1%£0.7%, p=0.74). The decrease in
Ves was significantly smaller with the hybrid IMRT plan than with
the full IMRT plan (p<0.01). Conclusion: The FIF, hybrid IMRT,
and full IMRT plans offered excellent target coverage and homo-
geneity. Hybrid IMRT provided better robustness against geo-
metrical uncertainties than full IMRT, whereas FIF provided com-
parable robustness to that of hybrid IMRT.

Key Words: Breast neoplasms, Intensity-modulated radiotherapy

INTRODUCTION

The avoidance of hot spots throughout the breast volume is
difficult with external whole breast radiotherapy using con-
ventional forward wedge planning [1,2]. For this reason, in-
tensity-modulated radiotherapy (IMRT) is gradually replacing
wedge planning [3]. IMRT provides excellent dose homoge-
neity throughout the breast volume [4]. One disadvantage of
IMRT is that the IMRT plans might be more susceptible to
setup and motion uncertainties [5-9]. The intact breast flash is
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used to compensate for motion in the anteroposterior direc-
tion in glancing open fields; however, flash cannot be easily
achieved when using the IMRT inverse-planning technique.

The field-in-field (FIF) technique is a forward-planning in-
tensity-modulating technique [10,11] in which fields are cre-
ated by strategically placing multileaf collimator leaves in hot
spots. FIF plans can incorporate fields with the breast flash
and thus might reduce the effects of geometrical uncertainties.
Another possible solution to reduce the effects of geometrical
uncertainties would be the use of a hybrid technique that in-
corporates a combination of glancing open fields and inverse-
planned IMRT beams [5].

The purpose of this study was to quantify the target cover-
age, homogeneity, and robustness of the dose distributions
against geometrical uncertainties associated with four whole
breast radiotherapy techniques (wedge, FIF, hybrid IMRT, and
full IMRT).
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METHODS

Patients and scans

This study was approved by the Institutional Review Board
(11-R190). The planning computed tomography datasets of
20 patients who underwent whole breast radiotherapy at St.
Lukes International Hospital (10 with left-sided and 10 with
right-sided cancer) formed the basis of this study. Computed
tomography was performed without breath holding by using
a LightSpeed RT 16 (GE Healthcare, Fairfield, USA) helical
scanner with a 5-mm slice thickness.

Treatment planning

A total of four treatment plans (wedge, FIE hybrid IMRT,
and full IMRT) were created for each patient by using the Pin-
nacle’ version 9.0 planning software package (Philips Medical,
Amsterdam, The Netherlands). Adaptive convolution was the
selected calculation algorithm. The clinical target volume
(CTV) was defined as the ipsilateral whole breast. The plan-
ning target volume was defined as the CTV plus a surround-
ing 0.8- to 1.5-cm margin. The target volume for evaluation
(TV_EV) was defined by subtracting the areas within 5 mm
of the skin or lung from the whole breast.

All four plans used two opposed tangential 4 to 6 MV
beams set at the same angles. The wedge plans comprised two
opposed tangential open beams with wedges. The FIF plans
comprised two opposed tangential open beams plus 2 to 4 re-
duction fields at the same angles. Plan optimization was per-
formed in a forward fashion. The details of the FIF plans used
in our institution have been reported previously {11]. The hy-
brid IMRT plans comprised two opposed tangential open
beams plus two IMRT beams set at the same angles. The open
beams contributed 90% of the dose, whereas the inversely op-
timized IMRT beams contributed 10%. For IMRT, direct-
machine parameter optimization was performed to set the
dose to the whole TV_EV between 95% and 107% of the pre-
scribed dose. The full IMRT plans comprised 100% segments
that had been inversely optimized. The plans were normalized
such that 50% of the TV_EV received a total of 50 Gy in 2-Gy
fractions for both the hybrid IMRT and full IMRT plans,
whereas for the wedge and FIF plans, doses were prescribed
to the beam isocenters.

Setup errors were simulated by moving the beam isocenters
by 5 mm in the anterior or posterior direction.

Statistical analysis

The target coverage and homogeneity were assessed accord-
ing to the volume of the TV_EV receiving = 95% of the pre-
scription dose (Vss), Vi, and the mean dose to the TV_EV.

http:/fejbe.kr

Naoki Nakamura, et al.

The doses to the organs at risk were assessed as the Vao of both
lungs, mean dose to both lungs, Vs of the heart, and mean
dose to the heart. The Vs of the heart and mean heart dose
were assessed in the patients with left-sided cancer.

We additionally measured the time required to deliver 2 Gy
with each technique via simulation with a phantom.

We used the SPSS version 20 package (SPSS Inc., Chicago,
USA) for statistical analysis. Differences were deemed signifi-
cant when the two-tailed p-values were less than 0.05.

RESULTS

Target coverage and homogeneity

Table 1 shows the target coverage and homogeneity values
achieved with the four techniques according to the original
plan. The wedge technique yielded a high Vi (7.5% + 4.2%)
whereas the other three techniques provided excellent target
coverage and homogeneity. Table 2 shows the differences in
target coverage and homogeneity from the original plan in re-
sponse to moving the beam isocenters by 5 mm in the anteri-
or or posterior direction.

A 5-mm displacement in the anterior direction caused a
large increase in the V107 (+5.2% +4.1%, p<0.01) with the
FIF plan, whereas no significant increases were observed with
the hybrid IMRT (+0.4% +1.2%, p=0.11) or full IMRT
(+0.7%+ 1.8%, p=0.10) plan. A 5-mm displacement in the
posterior direction caused a large decrease in the Vs with the
hybrid IMRT (-2.5%%3.7%, p<0.01) and full IMRT (-4.3%+
5.1%, p<0.01) plans, whereas no significant decrease was
noted with the FIF plan (+0.1%+0.7%, p=0.74). The de-
crease in the Vs was significantly smaller with the hybrid
IMRT plan than with the full IMRT plan (p <0.01).

Doses to the organs at risk

Table 3 shows the doses provided to both lungs and the
heart when using the four techniques according to the ori-
ginal plan. Table 4 shows the differences in these values from
the original plan after moving the beam isocenters by 5 mm

Table 1. Target coverage and homogeneity with the four techniques in
the original plan

Wedge 514104 99.2+0.5 75£4.2
FIF 51.0£0.4 97.6x1.3 02+04
Hybrid IMRT 50.2+0.4 98.4:0.3 0.1+£04
Full IMRT 50.2+£0.4 98.4+0.4 0.1£3.3

Data are presented as mean=SD.

Drmesn=mean dose of the target volume for evaluation (TV_EV); Vi=the volume
of the TV_EV receiving by X% of the prescription dose or greater; FIF=
field-in-field; IMRT =intensity-modulated radiotherapy.

http://dx.doi.org/10.4048/ibc.2014.17.2.157
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Table 2. Differences in the target coverage and homogeneity from the original plan by moving beam isocenters by 5 mm in the anterior or posterior
direction

Anterior direction
Wedge +0.2+0.1 <0.01* +0.1£0.1 <0.01* +1.5+1.1 <0.01*
FIF +0.1+£0.2 0.01* -0.7+£0.8 <0.01* +5.2+4.1 <0.01*
Hybrid IMRT +0.4+0.2 <0.01* -05+0.8 <0.01* +0.4+1.2 0.11
Full IMRT +0.4+0.2 <0.01* -1.0£1.0 <0.01* +0.7+1.8 0.10
Posterior direction
Wedge -0.2+0.1 <0.01* -02+£02 <0.01* -1.4+0.9 <0.01*
FIF -02+£0.2 <0.01* +0.1+0.7 0.74 0.0+0.4 0.69
Hybrid IMRT -0.56+0.3 <0.01* -25+37 <0.01* 0.0+0.1 0.65
Full IMRT -0.6+0.3 <0.01* -4.3+5.1 <0.01* -0.1x0.2 0.38

Data are presented as mean+SD.
Dmean=mean dose of the target volume for evaluation (TV_EV); Vx=the volume of the TV_EV receiving by X% of the prescription dose or greater; FIF =field-in-field;

IMRT =intensity-modulated radiotherapy.
*Indicate statistically significant differences.

Table 3. Dose for the bilateral lungs and heart with the four techniques
in the original plan

Table 5. Delivery time for 2 Gy with each technique

Wedge 163+ 14

/ s : : : FIF 129411
Wedge 8.9+2.1 52+2.1 14217 31=x22 Hybrid IMRT 170+18
Hybrid IMRT 8.6+2.1 47+15 12+14 20+10

Full IMRT 7.0£2.4 3.6+1.1 0.3+0.4 14204 Data are presented as mean+8D.

Data are presented as mean+SD. )
Vx=the volume of the organ receiving by X% of the prescription dose or
greater; FIF =field-in-field; IMRT =intensity-modulated radiotherapy.

Table 4. Differences in the dose for the bilateral lungs and heart from
the original plan by moving beam isocenters by 5 mm in the anterior or
posterior direction

FIF =field-in-field; IMRT =intensity-modulated radiotherapy.

Delivery time

Table 5 shows the time required to deliver 2 Gy using each
technique. The FIF delivery time was the shortest, whereas the
hybrid IMRT delivery time was the longest. However, the ab-
solute differences in the delivery times were small.

Anterior direction DISCUSSION
Wedge -1.8+03  -0.9+0.2 -08+09  -1.0+09
FIF -18+03  -09+02  -08+09  -0.6+04 Our results showed that hybrid IMRT was superior to full
Hybrid IMRT 18208 09:02 08208 06204 IMRT in terms of robustness against geometrical uncertai
Full IMRT 16£03  08£02  -03x03  -0.4x02 : : gamst g ‘cal tincertamn-
Posterior direction ties, thus corroborating the findings of a previous investiga-
Wedge 19+04  09+02 14£12 1209 tion [5]. The breast flash was not implemented in the optimi-
FIF 1.9+03 09402  14x12  09:05 zation routine for the inverse planning technique, leading to
Hybrid IMRT 19:03  09+02  13x12  09:05 underdosage near the skin under posterior displacement con-
Full IMRT 1.7+0.3 0.8+0.2 0.8+0.6 0.6+0.3

Data are presented as mean +SD.
Vx=the volume of the organ receiving by X% of the prescription dose or
greater; FIF=field-in-field; IMRT =intensity-modulated radiotherapy.

in the anterior or posterior direction. For all four techniques,
acceptable outcomes were obtained for all parameters, al-
though a more favorable tendency was observed with the full
IMRT plan.

http://dx.doi.org/10.4048/jbc.2014.17.2.157

ditions. In this sense, the full IMRT technique was suboptimal
for whole breast radiotherapy.

However, hybrid IMRT offered excellent target coverage
and homogeneity comparable to that of full IMRT. Theoreti-
cally, hybrid IMRT techniques should provide worse dose dis-
tributions in exchange for better robustness against geometri-
cal uncertainties, as the contribution from the inversely opti-
mized IMRT beams is reduced. We used an IMRT beam con-
tribution of only 10% to achieve better robustness against geo-

http://ejbc.kr
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metrical uncertainties and found that this 10% contribution
was sufficient to yield excellent target coverage and homo-
geneity for whole breast radiotherapy and to provide better
robustness against geometrical uncertainties, given the high
percentage of glancing open fields.

We found that the FIF technique also offered excellent target
coverage and homogeneity. The disadvantage with FIF was the
generation of considerable hot spots under anterior displace-
ment conditions. The advantage of FIF was its strong robust-
ness with posterior displacement. Given these features, we
consider the FIF technique as an alternative to hybrid IMRT.

The wedge technique showed good robustness against geo-
metrical uncertainties. However, this technique yielded a high
V107, which would likely increase the risk of severe dermatitis.

Regarding the doses to the lungs and heart, we observed
similar, acceptable outcomes both with the original plan and
in terms of the robustness against geometrical uncertainties
for all four techniques, although a more favorable tendency
was observed with full IMRT.

We also evaluated the delivery time with each technique.
The delivery times for all four techniques were similarly short.
We therefore do not consider the delivery time to be an im-
portant factor in technique selection.

A limitation of our investigation is that only a small series
of Japanese patients were evaluated. The breasts investigated
in this study might be smaller than the global average. A focus
on patients with larger breasts and possibly larger geometrical
uncertainties might yield different findings. Another limita-
tion is that only anterior-posterior displacement setup errors
were evaluated; however, geometric uncertainties include dis-
placement in the left-right, craniocaudal, and anteroposterior
directions. Nevertheless, we believe that the outcomes of this
study will offer some guidance to clinicians in a field in which
data are relatively lacking.

In conclusion, the FIE hybrid IMRT, and full IMRT plans
offered excellent target coverage and homogeneity. Hybrid
IMRT was superior to full IMRT in terms of robustness
against geometrical uncertainties, whereas FIF provided com-
parable robustness to that of hybrid IMRT.
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Abstract

Purpose: This prospective study aimed to evaluate the effectiveness of postoperative radiotherapy (PORT)
consisting of whole breast irradiation followed by boost irradiation in patients with high-risk ductal
carcinoma in situ (DCIS) with margin widths less than 1 mm.

Materials and Methods: A multi-center phase II study (Japanese Radiation Oncology Study Group: JROSG 05-
5) was conducted to evaluate the effectiveness of PORT. PORT consisted of whole breast irradiation (50
Gy/25 fractions) followed by boost irradiation (10 Gy/5 fractions) using electron beams for patients with
high-risk DCIS. Eligibility criteria were as follows: 1) DCIS without an invasive carcinoma component, 2) age
between 20 and 80 years, 3) involved margins or margin widths less than 1 mm, 4) refusal of re-resection, 5)
performance status of 0-2, and 6) written informed consent. The primary endpoint was ipsilateral breast
tumor recurrence (IBTR), and secondary endpoints were overall survival, relapse-free survival, recurrence
patterns, and adverse events.
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Results: Thirty-seven patients from 12 institutions were enrolled from January 2007 to May 2009. Median
follow-up time was 45 months (range, 27-64 months). The median pathological tumor size was 2.5 cm
(range, 0.3-8.5 cm). Twenty-one patients had close margins, and 16 had involved margins. Four-year IBTR,
overall survival, and relapse-free survival rates were 3% (95% confidence interval (CI): 0-20), 97% (95% CI:
82-100), and 94% (95% Cl: 77-99), respectively.

Conclusions: Our preliminary results suggest that this PORT schedule may be promising for patients with
high-risk DCIS. However, to make any definitive conclusions, a longer follow-up time is required.
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1. Introduction

Ductal carcinoma in situ (DCIS) is a slow growing tumor of the breast tissue that is less aggressive
than other forms of cancer. Many such tumors require radiotherapy or surgical treatment
(Schwartz, G., et al, 1999, Punglia, RS, et al, 2013). Mammography screenings increase the
opportunity for treatment of patients with DCIS (Ernster, V., et al. 1996). In the United States, by
2013, approximately 64,640 new DCIS diagnoses will be made, constituting approximately 22% of
all new breast cancers (Silgel, R, et al., 2013). Breast conserving therapy, including partial resection
followed by breast irradiation, has been one of the standard treatments for DCIS (Punglia, R.S,, et al.,
2013). Several randomized clinical trials have demonstrated that postoperative radiotherapy
(PORT) decreases the risk of ipsilateral breast tumor recurrence (IBTR) (Fisher, B., et al., 1993;
Fisher, B., et al.,, 1998; Houghton, J., et al,, 2003; Julien, ., et al., 2000). However, these randomized
trials have mainly included low-risk patients with negative surgical margins. There has been little
evidence supporting treatment strategies for patients with high-risk DCIS and either a positive
surgical margin or a narrow distance between surgical margins and tumor cells.

Silverstein et al. (1996) developed a prognostic model that included tumor size, margin width, and
pathological classification (the Van Nuys Prognostic Index; VNPI). Patients with high VNPI scores
(e.g., 8 or 9) showed high rates of IBTR, after receiving PORT. In contrast, the eight-year IBRT rate
among patients with low VNPI scores (e.g., 3 or 4) was low regardless of whether or not PORT was
used (100% vs. 97%). Silverstein et al. (1999) reported that patients with tumor margin widths less
than 1 mm could benefit from PORT, with an eight-year IBTR rate of approximately 30%. However,
this retrospective study included a variety of PORT schedules. Few prospective studies have
evaluated the role of PORT exclusively for high-risk DCIS, and a maximally-effective treatment
schedule has not yet been established. The present prospective study aimed to evaluate the
effectiveness of PORT consisting of whole breast irradiation followed by boost irradiation in
patients with high-risk DCIS and tumor margin widths less than 1 mm.

2. Materials and Methods

A multi-center phase II study (Japanese Radiation Oncology Study Group: JROSG 05-5) was
conducted to evaluate the effectiveness of PORT consisting of tangential whole breast irradiation
(50 Gy/25 fractions) followed by boost irradiation (10 Gy/5 fractions) of the tumor bed using
electron beams for patients with high-risk DCIS. Patients were eligible for inclusion in the study if

2



Naoto Shikama, Kenji Sekiguchi, Naoki Nakamura, Hiroshi Sekine, Yuko Nakayama, Kazufumi Imanaka, Takeshi
Akiba, Masahiko Aoki, Yoshiomi Hatayama, Etsuko Ogo, Yoshikazu Kagami, Miho Kawashima, Kumiko Karasawa
/ American Journal of Breast Cancer Research (2014) Vol. 1 No. 1 pp. 1-8

they: 1) had DCIS without an invasive carcinoma component, 2} were between 20 and 80 years of
age, 3) were diagnosed as having involved margins or margin widths less than 1 mm after
pathological evaluation using 5 mm thick specimens, 4) refused re-resection, 5) had a performance
status of 0-2, and 6) provided written informed consent. Exclusion criteria were: 1) bilateral breast
cancers, 2) diffuse calcification, 3) multiple tumors, 4) macroscopic residual tumor, 5) positive
axillary lymph node metastases, 6) past history of chest irradiation, 7) collagen vascular disease, 8)
pregnancy, 9) active double cancer, 10) mental disorders, 11) uncontrolled diabetes, 12)
uncontrolled hypertension, and 13) cardiac disease.

Radiation Treatment Planning

All patients were placed in the supine position, and underwent computed tomography (CT) as part
of the radiation treatment planning. CT scanning was performed, with slices extended to completely
cover the bilateral whole breast, lungs, heart, and lower neck. No respiratory control was used. All
patient procedures were planned using three-dimensional conformal radiotherapy (3D-CRT)
treatment planning software. To correctly evaluate heterogeneous tissue density, the analytical
anisotropic algorithm, a superposition algorithm, convolution algorithm, or AAA algorithm was
used. Whole breast irradiation was comprised of tangential beams using 4 or 6 MV photons.
Simulation planning was used to minimize radiation to at-risk organs, and to modify homogeneous
doses to fit target volumes using a wedge filter. Beam weights, beam angles, and wedge angles were
manually optimized. A total dose of 50 Gy in 25 fractions for whole breast irradiation was defined at
the reference point (isocenter). The isocenter was placed in the center of the radiation field or
vicinity. The electron beam width for boost irradiation of the tumor bed was determined according
to surgical clips, surgical cavity, and pathological findings (e.g,, 3 cm-margin). Appropriate electron
beam energy was selected according to the depth of the tumor bed.

Endpoints and Statistical Analyses

The primary endpoint was the IBTR, and secondary endpoints were overall survival (0S), relapse- .
free survival (RFS), recurrence patterns, and adverse events. IBTR was defined as recurrence
(invasive carcinoma or DCIS) in the ipsilateral irradiated breast. OS time was defined as the time
from registration to death (due to any cause). RFS time was defined as the time from registration to
treatment failure (in the ipsilateral breast, axillary node, or at a distant site) or death (due to any
cause). Toxicities were evaluated according to Common Terminology Criteria for Adverse Events -
(CTCAE) version 3.0. The five-year estimated IBTR rate was projected as 20% and the low five-year
IBTR rate threshold was set at 45%. It was estimated that a sample of 36 patients was required,
with a one-sided alpha of 0.05 and a statistical power of 90% (assuming several patients would be
lost to follow-up). Kaplan-Meier methods were used to estimate IBTR, OS, and RFS. All enrolled
patients were included in the primary endpoint assessment (an intention-to-treat analysis).

3. Results

This protocol concept was accepted in October 2005, and the full protocol was accepted in August
2006 by the executive Japanese Radiation Oncology Study Group (JROSG) committee. Thirty-seven
patients from 12 institutions were enrolled from January 2007 to May 2009. The median patient
follow-up time was 45 months (range, 27-64 months), median patient age was 52 years (range,



Naoto Shikama, Kenji Sekiguchi, Naoki Nakamura, Hiroshi Sekine, Yuko Nakayama, Kazufumi Imanaka, Takeshi
Akiba, Masahiko Aoki, Yoshiomi Hatayama, Etsuko Ogo, Yoshikazu Kagami, Miho Kawashima, Kumiko Karasawa
/ American Journal of Breast Cancer Research (2014) Vol. 1 No. 1 pp. 1-8

33-78 years), and median pathological tumor size was 2.5 c¢m (range, 0.3-8.5 cm). Patient

characteristics are shown in Table 1.

Table 1 Patient Characteristics

n (%)
Age (years) Median 52 (33-78)
30-39 3(8)
40—49 11(30)
50-59 14(38)
60-70 6(16)
>70 3(8)
Pathological diameter (cm) Median 2.5 (0.3—-8.5)
<19 15(41)
2-3.9 6(16)
4-5.9 7(19)
>6 9(24)
Estrogen receptor
Positive 26(70)
Negative 7(19)
Unknown 4(11)
Progesterone receptor
Positive 22(60)
Negative 11(30)
Unknown 4(10)
Margin status
Close margin 16(43)
Involved margin 21(57)

Sixteen patients had close margins, and 21 had involved margins. All patients received PORT per-
protocol, and no patient interrupted PORT. Fourteen (38%) patients received adjuvant hormonal

therapy.

The four-year IBTR, OS, and RFS rates were 3% (95% confidence interval [CI]: 0-20),97% (95% CI:
82-100), and 94% (95% CI: 77-99), respectively (Figure 1).
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Fig 1. Ipsilateral Breast Tumor Recurrence-Free Survival Curve

One patient with close margins, who received adjuvant tomoxifen, developed local recurrence at
the original site after 39 months. She underwent a salvage mastectomy, and the pathological
diagnosis was DCIS without an invasive carcinoma component. One patient died of colon cancer 28
months after registration, without experiencing breast cancer recurrence. No recurrence events
were identified in regional lymph nodes or distant sites, and no severe adverse events (Grade 3 or
4) have been reported to date.

4. Discussion

The current standard of care for patients with DCIS includes mastectomy and breast conserving
therapy. The Canadian population-based registries demonstrated that the frequency of mastectomy
for patients with DCIS decreases yearly, and that only 19% of DCIS patients underwent mastectomy
between 1990 to 2000 (Rakovitch, E., et al, 2003). Mastectomy is still considered a standard
treatment for patients with diffuse infiltrative disease, large tumors, or positive surgical margins
after repeated resection. The incidence of axillary lymph node metastases is very low, and the roles
of axillary lymph node dissection and sentinel lymph node biopsy have not yet been established
(Cox, C., et al, 2001). If the existence of invasive carcinoma is suspected, however, axillary
management, including axillary lymph node dissection and sentinel lymph node biopsy, is
considered.

There remains room for discussion regarding whether all patients with DCIS should be treated.
Although it is uncertain what the probability of progression is, it has been suggested that the
lifetime risk of DCIS progression is considerably less than 50% (Welch, H.G. et al., 2008). Studies
have also indicated that PORT after partial resection reduces the IBTR rate by approximately 60%
(Kuerer, H.M,, et al, 2009). One half of patients who experience local recurrence after breast
conserving therapy have invasive carcinoma, and other has non-invasive carcinoma. There have
been no reports showing that the omission of PORT increases distant metastases or decrease OS.
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The main goal of DCIS management is to reduce the risk of progression to invasive carcinoma
(Punglia, R.S,, et al,, 2013}, and the secondary goal is to avoid patients having to undergo salvage
mastectomy. However, in the United States, population-based analyses have revealed that, among
patients who receive partial resection for DCIS, approximately half do not receive PORT, with
substantial variation in the use of this treatment (Punglia, R.S., et al., 2013).

Silverstein et al. (1996) developed the VNPI model for patients with DCIS, which includes tumor
size, surgical margin width, and pathological findings. Dunne et al. (2009) conducted a systematic
review and reported that a margin threshold of 2 mm seemed to be as good as a larger margin
when breast conserving surgery for DCIS is combined with PORT. Wang et al. (2012) conducted a
meta-analysis of margin threshold for patients with DCIS. This study reported that, as compared
with a negative tumor margin greater than 2 mm, a negative tumor margin of at least 10 mm was
associated with a lower risk of IBTR (odds ratio(OR)=0.46, 95% CI: 0.29-0.69). Silverstein et al.
(1999) reported that patients with tumor margin widths less than 1 mm could benefit from PORT,
with an eight-year IBTR probability of 30% and approximately 80% of recurrence developing
within three years. This retrospective study included various radiotherapy schedules (e.g., dose of
whole breast, 40 to 50 Gy), with boost irradiation (16 to 20 Gy) being delivered to the tumor bed
via brachytherapy or electron beam therapy. Only a few prospective studies have evaluated the role
of PORT exclusively in high-risk patients with DCIS. The preliminary results of this prospective
study showed that the four-year IBTR rate was only 3% after PORT. This preliminary result
indicated that PORT, consisting of tangential whole breast irradiation (50 Gy/25 fractions) followed
by boost irradiation (10 Gy/5 fractions) of the tumor bed was a promising schedule for high-risk
patients with DCIS.

The limitations of this study are its small sample size and short follow-up time. In addition, a central
pathological review has not been conducted. Although a central pathological review system was not
established prior to this prospective trial, it was determined that the method of pathological
evaluation of resection samples would be conducted using a 5 mm thick slice. This technique is
believed to provide accurate pathological evaluation of tumor extension and margin width.

5. Conclusions

Our preliminary results suggest that this radiotherapy schedule could be promising for patients
with high-risk DCIS. A longer follow-up time is required, however, to make any definitive
conclusions.
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Japanese patients
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Abstract

ablation.

ablative radiotherapy

Background and aims: Stereotactic body radiotherapy (SBRT) is a relatively new treatment for liver tumor. The
outcomes of SBRT for liver tumor unfit for ablation and surgical resection were evaluated.

Methods: Liver tumor patients treated with SBRT in seven Japanese institutions were studied retrospectively. Patients
given SBRT for liver tumor between 2004 and 2012 were collected. Patients treated with SBRT preceded by trans-arterial
chemoembolization (TACE) were eligible. Seventy-nine patients with hepatocellular carcinoma (HCC) and 57 patients with
metastatic liver tumor were collected. The median biologically effective dose (BED) (a/f = 10 Gy) was 96.3 Gy for
patients with HCC and 105.6 Gy with metastatic liver tumor.

Results: The median follow-up time was 475.5 days in patients with HCC and 212.5 days with metastatic liver tumor.
The 2-year local control rate (LCR) for HCC and metastatic liver tumor was 74.8% + 6.3% and 64.2 + 9.5% (p = 0.44). The
LCR was not different between BED; = 100 Gy and < 100 Gy (p = 0.61). The LCR was significantly different between
maximum tumor diameter > 30 mm vs. < 30 mm (64% vs. 85%, p = 0.040) in all 130 patients. No grade 3 laboratory
toxicities in the acute, sub-acute and chronic phases were observed.

Conclusions: There was no difference in local control after SBRT in the range of median BED;q around 100 Gy for
between HCC and metastatic liver tumor. SBRT is safe and might be an alternative method to resection and ablation.
Summary: There was no difference in local control after SBRT in the range of median BED;q around 100 Gy for
between HCC and metastatic liver tumor and SBRT is safe and might be an alternative method to resection and

Keywords: Hepatocellular carcinoma, Metastatic liver tumor, Stereotactic body radiotherapy, Stereotactic

Introduction

In Japan, an infection rate of the hepatitis C is high, and
there are many hepatocellular carcinoma (HCC) cases. The
liver is also a common lesion of metastases from most
common solid malignancies. According to clinical practice
guidelines from Japan, resection, radiofrequency ablation
(RFA), and liver transplantation are the available curative
options for HCC [1]. Recently, stereotactic body radiother-
apy (SBRT) has become a treatment option for patients
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with liver tumor who are not eligible for surgery, RFA, or
liver transplantation. Although HCC doesn’t really have
bad radiation sensitivity [2], what’s happening now is that
SBRT for HCC has not been performed very much. One
of the reasons is that the role of radiotherapy (RT) for liver
tumors has been limited due to the risk of radiation-
induced liver disease (RILD) [3]. However, technological
advances have made it possible for radiation to be delivered
to small liver tumors while reducing the risk of RILD [4].
Resection, RFA, or trance-catheter arterial chemoemboli-
zation (TACE) are often performed for HCC and liver me-
tastasis in Japan. However, only 10-20% of HCC patients
have a resectable disease [5]. A drawback to RFA is that

© 2014 Yamashita et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public

Domain Dedication waiver (http//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this
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some anatomic areas make the procedure difficult to
perform [6]. It is only the case with a central lesion of the
liver, with direct invasion into the vessels, and/or that an
effect of TACE was insufficient to be introduced to SBRT.
In patients with centrally located HCC with chronic hepa-
titis or cirrhosis, major resection is often contraindicated
due to insufficient residual liver volume [7]. RFA is there-
fore often contraindicated for HCC in those areas, which
are located in and near the hepatic portal vein or central
bile duct [8] and abutting the diaphragm [6]. Additionally,
the risk of neoplastic seeding along the needle track after
RFA has been reported [9].

SBRT offers an alternative, non-invasive approach to the
treatment of liver metastasis. The goal of SBRT is to deliver
a high dose to the target, thereby providing better local
tumor control, while limiting dose to surrounding healthy
tissue, thereby potentially decreasing complication rates.
Early applications of SBRT to liver metastases have been
promising [10-20]. While these data establish the safety of
stereotactic radiation therapy for liver metastases, all SBRT
treatments must be performed cautiously given the chal-
lenges of organ motion and the low radiation tolerance of
the surrounding hepatic parenchyma.

Talkeda et al. [21] reported that local control rate (LCR)
after SBRT for lung metastases from colorectal cancer
with a 2-year LCR of 72% was worse than that for primary
lung cancer. We hypothesized that the same thing as this

might apply to HCC and liver metastasis and, in other -

words, LCR after SBRT for liver metastases might be
worse than that for HCC.

Because there was little number of cases that has
performed liver SBRT in every each institution, we
wanted to research results and a side effect as a whole in
many institutions. The purpose of this study was to retro-
spectively evaluate the outcomes, mainly concerning local
control, of patients treated at various dose levels in many
Japanese institutions.

Materials and methods

Patients

This is a retrospective study to review 130 patients with
primary or metastatic liver cancers treated at seven in-
stitutions extracted from the database of Japanese Radio-
logical Society multi-institutional SBRT study group
(JRS-SBRTSG). The investigation period was from May
2004 to November 2012.

The diagnosis of HCC depended mostly on imaging
studies, because candidates for SBRT were unfeasible for
pathological confirmation. During follow-up of patients
with liver disease, nodules 21 c¢cm were diagnosed as
HCC based on the typical hallmarks (hyper-vascular in
the arterial phase with washout in the portal, venous or
delayed phases) from imaging studies, which included
a combination of contrast-enhanced ultrasonography,
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4-phase multi-detector computed tomography (CT),
dynamic contrast-enhanced magnetic resonance im-
aging (MRI), and CT during hepatic arteriography and
arterio-portography studies. The diagnosis was estab-
lished according to a review [22] and clinical practice
guidelines [23,24]. The eligibility of SBRT for HCC was
a single lesion in principle.

The diagnosis of metastatic liver tumor was confirmed
by diagnostic imaging including ultrasound, CT, and/or
MRI. The eligibility of SBRT for metastatic liver tumor
was without other lesions and in less than four.

Patient and tumor characteristics were shown in
Table 1. HCC included 79 cases and the liver metastases
included 51 cases. The Child-Pugh score before SBRT
for HCC was 84.8% in grade A, 11.4% in grade B, and
1.3% in grade C. Ischemic HCC was 16/79 cases (20%)
and plethoric HCC was 55/79 cases (70%). The median
alpha-fetoprotein (AFP) (ng/mL) and des-gamma car-
boxy prothrombin (PIVKA-II) (AU/mL) value before
SBRT for evaluable 73 patients with HCC were 12.7
(range; 0.8-8004) and 35 (range; 3.1-16900). The median
indocyanine green retention rate at 15 min (ICG15) value
before SBRT for evaluable 25 patients with HCC was
21.2% (range; 3—56.2%). This SBRT was the first treatment
in 26/79 cases (33%) and was the first treatment about the
same lesion as this SBRT in the additional 7 cases. About
the primary tumor site of liver metastases, colo-rectum was
58.8%, lung was 9.8%, and stomach was 9.8%. The number
of SBRT lesions was from 1 to 4 (solitary was 41/51 cases)
for liver metastasis.

Treatment

For treatment planning, abdominal pressure corsets such
as body shell or vacuum cushion such as blue back were
used, and it was confirmed that tumor motion was <1 cm.
Then, the gross tumor volume (GTV) was delineated on
the both inspiratory and expiratory planning CT images
in the case of respiratory depression method. The breath-
holding method was used in 36 cases, gating method in 10
cases, and respiratory depression method in 25 cases about
HCC patients. The planning target volume (PTV) was con-
figured considering respiratory movement, a set-up margin,
and a sub-clinical margin (Figure 1). SBRT was performed
with an X-ray beam linear accelerator of 6 MV. The total
dose was delivered depending on judgment each institu-
tion. A collapsed cone (CC) convolution, superposition
algorithm, or analytical anisotropic algorithm (AAA) was
used for dose calculations.

The mode value of total irradiated dose was 48 Gy in
4 fractions (38/79 cases) (from 40 Gy in 4 fractions to
60 Gy in 10 fractions) for HCC and 48 Gy in 4 fractions
(12/51 cases) and 52 Gy in 4 fractions (16/51 cases)
(from 30 Gy in 3 fractions to 60 Gy in 8 fractions) for
metastatic liver tumor. The biologically effective dose
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Table 1 Patient and tum or characteristics of SBRT

Liver metastasis N % HCC N %
51 100 79 100
Primary cancer Stage
Colon cancer 21 412 | 29 367
Rectal cancer 9 176 I 21 266
Lung cancer 5 9.8 I 5 6.3
Gastric cancer 5 9.8 vV 2 25
Cervical cancer 3 59 Recurrence 11 139
Breast cancer 3 59 NE 11 139
Pancreatic cancer 3 59
Bile duct cancer 1 20
Skin cancer 1 20
Number of SRT Chilid-Pugh
before SBRT
Single SRT 41 80.4 A 67 848
Two places 8 157 B 9 114
Tree 1 20 @ 1 13
Four 1 20 NE 2 25
Sex
Female 17 333 19 24
Male 34 66.7 60 759
Tumor diameter (mm)
Range 13-54 6-70
Median 26 27
Performance status
(ECOG)
0 32 62.7 34 430
1 13 255 39 494
2 5 98 4 5.1
3 1 20 i 13
Age (years old)
Range 33-90 38-95
Median 73 73
SRT total dose (Gy)
Range 30-60 40-60
Median 50 48
BED-10 (Gy)
Range 56-1344 75-106
Median 1056 96.3

Abbreviation: NE not evaluable.

(BED) (a/B =10 Gy) was 75-106 Gy (median: 96 Gy)
for patients with HCC and 56-134 Gy (median: 106 Gy)
with metastatic liver tumor (Table 1). The formula about
BED;, was used; BED (Gyjo) =nd (1 +d/o/B). In all 130
cases, CT registration like cone beam CT was performed
each treatment.
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SBRT was delivered using multiple non-coplanar static
beams (using > 7 non-coplanar fields) generated by a linear
accelerator or volumetric modulated arc therapy. Daily
image guidance, by using either orthogonal X-rays or
onboard CT imaging, was used to re-localize the target
before treatment delivery.

Trans-catheter arterial chemoembolization (TACE) in 7
HCC patients, FOLFILI regimen (folinic acid, fluorouracil,
plus irinotecan) in a metastatic liver tumor patient, or
TAXOL® (paclitaxel) in a metastatic liver tumor patient
was performed before SBRT. Oral TS-1 was combined
concurrently with SBRT in an HCC patient.

Follow up

Patients were seen monthly for 1 year after SBRT and tri-
monthly thereafter. Laboratory tests were done at every
visit. Treatment responses and intrahepatic recurrences
were evaluated with dynamic contrast-enhanced CT or
MRI every 3 months with modified Response Evaluation
Criteria in Solid Tumors (mRECIST) [25]. Toxicity was
evaluated with the Common Terminology Criteria for Ad-
verse Events (CTCAE), version 4.0. Acute and sub-acute
toxicities were defined as adverse events occurring within
3 months and 3-6 months, respectively, after SBRT. Late
toxicities related with liver and other toxicities were defined
as those occurring after 6-12 months and from 6 months
to last follow-up, respectively. Laboratory tests included
aspartate aminotransferase, total bilirubin, platelet count,
and albumin.

Local recurrence was defined as progressive disease in
mRECIST or the new appearance of a lesion within the
PTV, and local control was defined as free of local re-
currence. Local control was defined as freedom from
local progression by mRECIST.

Statistical analysis

Control and survival rates were calculated with Kaplan-
Meier analysis. Log-rank testing was used to compare
outcomes between the subsets of patients analyzed. Cox
proportional hazards regression analysis was used for
multivariate analysis. A p-value of <0.05 was considered
significant. Data were analyzed with SPSS Statistics 20.0
(IBM Corp., Armonk, NY, USA). The points on survival
curves by Kaplan Meier are a censored case.

Results

Eligible patients

The median follow-up time was 475.5 days (range;
101-2050 days) in patients with HCC and 212.5 days
(range; 26-2713 days) with metastatic liver tumor. SBRT
was performed as scheduled and was feasible in all pa-
tients. At the last follow-up, 48/79 cases (61%) were
survival and 31/79 (39%) were dead for HCC and 42/51
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Figure 1 Dose distribution of SBRT for liver tumor. Sky blue line =TV, purple line = PTV, red area = over 95% dose, green area = 90-95%, blue
area = 80-90%, yellow area = 70-80%, purple area = 60-70%, sky blue area = 50-60%, orange area = 30-40%.
(.

cases (82%) were survival and 9/51 cases (18%) were dead
for metastatic liver tumors.

Treatment outcomes

Clinical results were shown in Table 2. As to the initial
local effect, complete response (CR) and partial response

Table 2 Clinical results of SBRT

N % N %
Liver metastasis HCC
First local effect
CR 15 294 36 456
PR 23 451 28 354
MR 2 39 0 0
NC 6 11.8 9 M4
PD 0 0 4 5.1
NE 5 9.8 2 25
Local progress
with 10 19.6 14 17.7
Without 37 725 63 79.7
NE 4 78 2 25

Abbreviation: CR complete response, PR partial response, MR minor response,
NC no change, PD progress disease, NE not evaluable.

(PR) were 45.6% and 35.4% in SBRT for HCC and 29.4%
and 45.1% for metastatic liver tumor, respectively.

The 2-year cumulative LCR for HCC and metastatic liver
tumor was 74.8% + 6.3% (standard error) and 64.2 +9.5%
(»=044) (Figure 2). The LCR was not different between
BED;, 2100 Gy (69.0% +7.6% at 2 years) vs. < 100 Gy
(72.4% +7.7%) in all 130 patients (p = 0.61) (Figure 3). The
LCR was not different between HCC (68.2% + 11.2%) vs.
liver metastasis (68.3% +11.2%) in 70 patients with the
higher BED; > 100 Gy (p = 0.96). The LCR was not differ-
ent between BED;> 100 Gy (68.3% + 11.2%) vs. < 100 Gy
(46.5% + 16.9%) in 51 patients with liver metastasis
(68.2% £ 11.2% vs. 79.2% +7.7%, p=0.72) and in 79
patients with HCC (p = 0.43). In all 130 patients, the
LCR was not different between maximum tumor
diameter > 20 mm vs. £ 20 mm (70.6% + 7.6% vs. 83.5% *
7.6%, p=0.28) and 240 mm vs. < 40 mm (55.4% + 17.2%
vs. 79.8% £ 5.1%, p = 0.32) except for > 30 mm vs. < 30 mm
(64.1% +9.1% vs. 85.2% +5.6%, p=0.040) (Figure 4).
The LCR was not different between BED;o 2100 Gy
(66.2% +33.8%) vs. < 100 Gy (62.3% +12.6%) in 41
patients with the bigger tumor diameter >30 mm (p =
0.78). The LCR was not different between older (>70 y.o.)
vs. younger (<70 y.0.) (74.4% +6.2% vs. 70.6% + 8.9%,
p=0.76). )
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Figure 2 Local control curves between SBRT for hepatic cell

carcinoma and metastatic liver tumor. The points on survival
curves are a censored case.
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By multivariate analysis (Cox proportional hazards
regression analysis), the maximum tumor diameter >
30 mm vs. £ 30 mm (other covariates were BED;o2
100 Gy vs. <100 Gy of p = 0.70, age >70 y.0. vs. < 70 y.0. of
p=0.73, HCC vs. metastatic liver tumor of p = 0.52) was
the only significant factor for LCR (p =0.047, 95% Cl=
1.014-7.546).

The scatter diagram between BED;, and local control
time was shown in Figure 5. There was no correlation
between BED;, and local control time. We didn’t show
the fact that the higher BED;o was, the longer local con-
trol time was.

The 2-year overall survival (OS), cause specific survival
(CSS), disease free survival (DFS), and distant metastatic
free survival (DMF) were 52.9% +7.1%, 69.0% + 6.9%,
39.9% + 6.9%, and 76.3% + 6.6% in 79 patients with HCC,
respectively (Figure 6). The number of patients at risk was
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Figure 3 Local control curves between BED (10) > 100 Gy and
< 100 Gy. The points on survival curves are a censored case.
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Figure 4 Local control curves between maximum tumor

diameter > 30 mm and </=30 mm. The points on survival curves
are a censored case.

-

43,21, 9, and 3 at 1-, 2-, 3-, and 4-year in OS, respectively.
The 2-year OS was 71.9% + 9.4% in 51 patients with meta-
static liver tumor.

The 2-year cumulative LCR for HCC (n=79) vs. meta-
static liver tumor from colorectal cancer (n = 30) vs. from
other cancers (n=21) was 74.1% + 6.2% vs. 54.2% + 11.8%
vs. 87.5% £ 11.7% (p=0.18 by comparison among three
groups, p =0.12 between colorectal and other cancers,
and p = 0.16 between HCC and colorectal cancer).

Treatment-related toxicity
All SBRT were completed without toxicity during RT
period. There was no Grade 5 toxicity. Nine patients (7%)
experienced Grade 2-4 gastrointestinal toxicity. Three
patients had Grade 2 gastric inflammations at both 1 Mo
(40 Gy in 4 fractions and 60 Gy in 10 fractions) and one
gastric ulcer at 27 Mo (60 Gy in 10 fractions). Four had
Grade 3 intestinal tract bleedings at 5 Mo (50 Gy in 5 frac-
tions) and 6 Mo (40 Gy in 4 fractions) and transverse
colon ulceration at 5 Mo (60 Gy in 10 fractions) and duo-
denal ulcer at 17 Mo (48 Gy in 4 fractions) without
chemotherapy in all 4 cases. One patient had Grade 4
gastro-duodenal artery rupture at 6 Mo after SBRT of
48 Gy in 4 fractions without chemotherapy. One patient
complained of chest wall pain after SBRT of 45.2 Gy in 4
fractions combined with TACE.

No significant (= grade 3) liver enzyme elevation was
observed during treatment. No classic RILD was
observed.

Discussion

This is a retrospective study to review 130 patients with
primary or metastatic liver cancers treated at 20 institu-
tions extracted from the database of JRS-SBRTSG. The
primary aim of the paper is to report outcome in terms
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Figure 6 Local control curves among HCC, liver metastases
from colorectal cancer, and from other cancers.
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of survival, local control, and toxicity. Overall survivals
in this study of 53% for HCC (n="79) and 72% for liver
metastases (n=51) at 2 year after SBRT were almost
satisfactory (median follow-up was 16 months), but
there were various biases in that the candidates included
frail patients contraindicated due to decompensated cirrho-
sis and older patients with a median age of 73 years. It was
the reason why only LCR was performed for the factor
analysis in this study.

The local controls after stereotactic body radiotherapy
for liver tumor were 65% to 100% in HCC and 56% to
100% in metastatic liver tumor. Results of phase I/I1
studies and retrospective series of SBRT for HCC patients
indicated high local control rates of 90-100% [26-29]. In
this study, local recurrence was seen at within 8 months
in almost all cases and at 20 to 23 months in some cases.

~ The LCR of HCC in this study was slightly poor and could

hardly have been more different from that of metastatic
liver tumor. We showed the summary of LC after SBRT
for liver tumor in Table 3.



