Respiratory-induced Prostate Motion Using a Belly Board 5

Sacrum volunteer
{mm)
1.4 1
I P=0.0003 | w2
12 b= | a3
1 l P=0.0021 | - 4
i
o n.Ss.
0.8 rmnl'] rLQ“QML‘ ‘ﬁ %8
06 - +7
04 - 8
- )
0.2 1 ¢ 10
=
o , o
supine prone BB1 882
mean . 0.05 5.35 0.18 918 13

Figure 4: The distribution of the standard deviation of points of interest
for the 13 volunteers. Levels of significance are displayed. Means of the
standard deviations for each POIs are listed below. Abbreviation: n.s. = Not
significant.

surface of the prostate, the tip of the seminal vesicle, and the
sacrum. Comparing the BB1 position with the BB2 position,
there were no significant differences in any of the POIs.

Discussion

A belly board has been used frequently to reduce the bowel
dose during pelvic irradiation. Koelbl er al. (9) studied the
effect of using the prone position with a belly board in 20
rectal cancer patients treated with postoperative pelvic radio-
therapy. They reported that the irradiated small bowel volume
was smaller in the prone position than in the supine position,
and that the use of the prone position combined with the belly
board reduced the irradiated volume within the PTV by 54%.
Das et al. (8) performed a dose-volume analysis on the effect
of a belly board on small bowel irradiation in 12 patients
with rectal cancer who were treated with pelvic radiotherapy.
They reported that using the belly board significantly reduced
the irradiation volume at all dose levels between 10 and
100%. However, to our knowledge, there were no studies on
the influence of the belly board on organ motion. This study
clearly shows that respiratory-induced prostate motion in the
prone position is significantly reduced by using a belly board.

Prostate movement induced by respiration is considered to
be related to intra-abdominal pressure, which is produced
by the motion of the abdominal contents within the confined
space of the pelvis (2). However, if the belly board is used in
the prone position, the abdominal tissues/organs that are ordi-
narily displaced downwards by inspiration could shift into
the space of the belly board. As a result, prostate motion may
be reduced in the prone position using the belly board.

Koelbl et al. (11) also reported on the influence of differ-
ent patient positions on the radiation dose in the small bowel

when a belly board is used. In their study, the patients were
placed in three different positions relative to the belly board.
The lower edge of the opening of the belly board was near
the symphysis, the lower end of the sacroiliac joints and the
lumbosacral junction. When the lower edge of the opening
was placed near the lumbosacral junction, the volume of the
small bowel that was irradiated was at its lowest. In the pres-
ent study, belly board positions were not significantly related
to the amount of respiratory-induced motion in the prostate.
As for the respiratory-induced motion, it seems that the posi-
tion of the belly board did not have any significant influence
on the motion of the prostate. This may be in part because the
respiratory-induced motion in the prone position decreases
simply because of the decrease in intra-abdominal pressure
made possible by the space afforded by the belly board.

In previous reports, intrafraction prostate motion has been
measured using implanted radiopaque markers (2-4, 12, 13),
and was found to be minimal in the supine position. Cheung
et al. (12) measured the intrafraction prostate motion in pre-
treatment and post-treatment portal images in 33 patients with
implanted markers. The patients were in the supine position,
and a custom vacuum lock bag was used for immobilization.
They showed that the prostate motion was less than 1 mm in all
directions. Meanwhile, respiratory-induced prostate motion
was substantial in the prone position (2-4). Kitamura et al.
(4) reported that the amplitude of intrafraction motion in the
supine position was statistically smaller in all directions than
that in the prone position. These tests used a fluoroscopic, real-
time tumor-tracking system to image a fiducial marker within
the prostate. Recently, the real-time motion in the prostate in
the supine and/or prone positions has been demonstrated using
cine-MRI (14-17). Cine-MRI enables accurate and realistic
representations of the motion in the prostate and surrounding
tissues/organs. However, the deficit of cine-MRI in evaluating
respiratory movement is because the images were recorded
every one second strictly, the acquired images did not com-
pletely fit the breathing cycle. In order to clear this deficit, we
compared maximum ranges and SDs in this study. Ghilezan
et al. (16) assessed intrafractional prostate gland motion with
cine-MRI. The images in their study were acquired during the
1 h MRI session at 6-s intervals. They divided into 2 groups
according to rectal filling status: full- vs. empty-rectum. The
displacement of eleven POISs (standard deviation) ranged from
0.98 to 1.72mm for the full-rectum group and from 0.68 to
1.04 mm for the empty-rectum group. The reason of their SDs
resulting in larger than the present study is considered because
the intrafractional movement during 1h MRI session might
include other factors, such as rectal movement and change of
muscle tension, which may possibly be larger than respira-
tory-induced motion. In the present study, cine frames were
acquired every second, allowing more realistic imaging of the
prostate motion in relation to respiration. Therefore, respira-
tory-induced motion could be detected in the supine and prone
positions with or without a belly board.
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The selection of treatment position is a critical choice in
radiation therapy. The published literature demonstrating
the efficacy of three-dimensional conformal radiotherapy for
prostatic cancer shows considerable variation in the use of the
prone and supine positions. The choice of position can alter
the external contour of the treated area and has the potential
to alter the spatial relationship between internal organs. In
this report, respiratory-induced prostate motion was signifi-
cantly larger in the prone position than in the supine position,
although reduced prostate motion was shown in the prone
position with a belly board. For respiratory-induced motion
at least, the supine position is considered to be more favor-
able for prostatic irradiation.

There were several limitations in this study. First, we did not
use immobilization devices that may have affected respiratory
movement. Malone ef al. (2) reported that significant prostate
movement can be induced by respiration when patients are
immobilized in thermoplastic shells. Therefore, immobiliza-
tion using a belly board may increase prostate motion. Second,
only POIs in the mid-sagittal plane were used. Thus, move-
ment on the lateral side was not considered in this study. In
previous reports (13, 14, 18, 19), intrafraction motion of the
prostate was found to be greater in the anteroposterior and
superoinferior dimensions than in the left-right dimension.
By inference from these reports, it was considered that lat-
eral movement would not be large, even when the patients
were treated in the prone position. Third, although our study
showed that respiratory-induced prostate motion in the prone
position was reduced by using a belly board, this is only one
of the components to consider. Another potential source of
intrafraction prostate motion may be rectal or bladder fill-
ing status, patient pelvic musculature changes and abrupt
movement. The magnitude of the intrafraction organ motions
caused by these factors will also have a strong impact on the
definition of margins.

In conclusion, our data demonstrated that respiratory-
induced prostate motion was significantly larger in the
prone position than in the supine position, although motion
in the prone position could be to some extent reduced by
using a belly board. Therefore, if the prone position is cho-
sen for prostate cancer radiotherapy, the use of a belly board
should be considered.
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Abstract. Aim: To retrospectively evaluate the efficacy and
safety of definitive fractionated re-irradiation for local
recurrence following stereotactic body radiotherapy (SBRT)
for primary lung cancer. Patients and Methods: Between
April 2003 and December 2011, 398 patients with primary
lung tumor underwent SBRT at Kyushu University Hospital,
and 46 of these patients developed local recurrence after
SBRT. Definitive fractionated re-irradiation was performed
for 17 out of the 46 patients. The median dose of re-
irradiation was 60 Gy/ 30 fractions. Concurrent
chemotherapy was given to four patients. Results: The
median follow-up duration was 12.6 months. At one year
post-re-irradiation, local progression-free survival was
33.8%, progression-free survival, 30.9%; cause-specific
survival, 79.3%; and overall survival, 74.7%. No severe
adverse events were observed during the follow-up.
Conclusion: Definitive fractionated re-irradiation is thought
to be safe and an alternative therapy for local recurrence
Sfollowing SBRT, although its efficacy may be not entirely
satisfactory.

Stereotactic body radiotherapy (SBRT) has been used to treat
primary and metastatic lung tumors with excellent local
control rates. The 3-year local control rate of SBRT for stage
I non-small cell lung cancer has been reported to be 78-92%
(1-10). However, therapeutic strategies for local recurrence
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following SBRT have not yet been established. Because most
patients who are treated with SBRT are medically inoperable
for various reasons prior to SBRT, surgical resection or
chemotherapy for local recurrence is not indicated in most
cases. Severe adverse events due to re-irradiation to the same
site have been a concern, but a number of researchers have
reported that palliative and definitive re-irradiation following
fractionated radiotherapy for primary and metastatic lung
tumors was safe and effective (11-16). The efficacy of
fractionated re-irradiation for local recurrence following
SBRT, in contrast, is still unknown.

The purpose of the present study was to explore the
efficacy and safety of definitive fractionated re-irradiation for
local recurrence following SBRT for primary lung cancers.

Patients and Methods

Patient and tumor characteristics. Between April 2004 and
December 2011, 398 patients with primary lung cancer underwent
SBRT at Kyushu University Hospital; 46 of these patients (11.6%)
subsequently developed local recurrence. Among these 46 patients,
definitive fractionated re-irradiation was performed for 17 patients
(37.0%) who were medically inoperable or refused surgery. The
median age of the 17 patients was 81 years (range=69-88 years).
Fifteen patients were male, and two were female. The median size
of the recurrent tumors was 41 mm (range=19-77 mm). Three
patients had regional lymph node metastases and one had brain
metastases. Three out of the 17 patients had regional nodal failure
and one had two brain metastases, concurrently. Patient and tumor
characteristics are summarized in Table I.

Prior SBRT. The SBRT technique has been described (17). All
patients were fixed with a Body Cast System composed of a
thermoplastic body cast, a vacuum pillow, arm and leg support, and
a carbon plate (Engineering Systems Co., Matsumoto, Japan).
Computed tomography (CT) scans were performed at 2-mm
intervals on the day of planning and on the first treatment day for
verification of the set-up. Treatment planning was performed using
the 3D RTP machine (Eclipse: Varian Medical Systems, Palo Alto,
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Table 1. Patient and tumor characteristics.

Median age, (years) at re-irradiation (range)
Gender (M:F)
Median radiation dose of prior SBRT, (Gy) (range)
Median tumor size at prior SBRT, (mm) (range)
Tumor histology, n

Squamous cell carcinoma

Adenocarcinoma

Non-small cell carcinoma, NOS

Unknown
Pattern of failures after SBRT, n

Local

Local + regional

Local + distant
Method for diagnosis of recurrence after SBRT, n

Histology

Cytology

Clinical and radiological findings
Performance status at the time of re-irradiation, n

0

1

2

3
Median tumor size of recurrent tumor, (mm)
Median interval between SBRT and recurrence, (months)
Median interval between treatments, (months)

81 (69-88)
15:2

48 (48-60)

28 (10-51)

B o WO

W

— L o W

41 (19-77)
11.6 (4.8-32.9)
124 (6.3-35.5)

CA, USA). The gross tumor volume (GTV) was identified on
relevant lung setting CT images. The internal target volume (ITV)
was created individually according to the internal respiratory
motion. The planning target volume (PTV) margin was 5 mm in all
directions. Seven to eight multi-leaf-collimator (MLC)-shaped non-
coplanar static ports of 4 or 6 MV X-rays were selected to reduce
the percentage of total lung receiving more than 20 Gy (V20) to
below 20% (Figure 1A). The prescribed dose was 48 Gy in four
fractions, except for one patient (60 Gy in 10 fractions). When the
range of respiratory tumor motion was 1 cm or more, irradiation
was performed during breath-holding using a visual feedback-
guided breath-holding system (18). No patients received
chemotherapy before or after SBRT. No severe adverse events (i.e.
grade 2 or greater) were observed after SBRT in any patient.

Fractionated re-irradiation. The length of time from the SBRT to
the recurrence and to re-irradiation was 4.8-32.9 months
(median=11.6 months) and 6.3-35.5 months (median=12.4 months),
respectively. Local recurrence was diagnosed by histological or
cytological examination in five out of the 17 patients, and by
clinical and radiological findings in 12 patients. Definitive
fractionated re-irradiation was performed with a dose of 60-70 Gy
in 30-35 fractions (median=60 Gy in 30 fractions). The irradiation
fields were limited to the recurrent gross tumors without
prophylactic lymph node coverage (Figure 1B).

One patient with brain metastases underwent stereotactic
radiosurgery prior to the re-irradiation to local recurrence. The lung
V20 values of the 17 patients were 3.9%-25.2% (median=9.2%).
The cumulative dose (BED10) of the prior SBRT and fractionated
re-irradiation ranged from 168 to 189.6 Gy (median=177.6 Gy).

Four out of the 17 patients (23.5%) received concurrent
chemotherapy (carboplatin plus paclitaxel: n=3; S-1: n=1) with
fractionated re-irradiation. Ome patient (5.9%) received
hyperthermia treatment weekly during the radiotherapy. Thirteen
patients (76.5%) were treated with radiotherapy alone.

Patient follow-up and evaluation. After the completion of re-
irradiation, patients were assessed by examinations including chest
X-ray and CT every four weeks for the first six months, every 2-3
months for the next 18 months, and every six months thereafter.
Brain magnetic resonance imaging (MRI) and fluorine-18-2-fluoro-
2-deoxy-D-glucose positron emission tomography and computed
tomography (FDG-PET/CT) were also performed if needed.

Data analysis. We evaluated the patients’ survival rates after re-
irradiation, the pattern of failures, and toxicities. Overall survival
(OS), cause-specific survival (CSS), progression-free survival (PFS),
and local progression-free survival (LPES) rates were estimated with
the Kaplan—-Meier method. Toxicities were graded according to the
Common Toxicity Criteria for Adverse Effect version 3.0 (CTCAE
v3.0) (19).

Results

Survival and patterns of failure. The median follow-up was
12.6 months (range=4.3-31.1 months). Re-recurrence was
observed in 11 patients (64.7%). Local re-recurrence was
observed in nine patients (52.9%), one out of these with local
re-recurrence also had lung metastasis. Regional failure and
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Figure 1. A computed tomographic (CT) image of a 79-year-old male with cT1aNOMO squamous cell lung carcinoma of the lower right lobe. A:
stereotactic body radiotherapy (SBRT) was performed for primary lung cancer with a dose of 48 Gy in four fractions. B: Re-irradiation with doses
of 60 Gy in 30 fractions was performed for local recurrence which was confirmed by CT-guided biopsy 14 months after SBRT. The patient died of
another disease one year after re-irradiation, without disease progression.

pleural dissemination were each observed in one patient
(5.9%). Nine patients (52.9%) died of recurrence, and two
(11.8%) died from other diseases.

At one year post-re-irradiation, the following rates were
obtained for the 17 patients: LPFS, 33.8%; PFS, 30.9%;
CSS, 79.3%; and OS, 74.7% (Figure 2). The median LPFS
was 11.7 months; that for PFS was 9.7, for CSS, 19.0, and
for OS, 17.0 months.

Adverse effects. One patient had a grade 2 rib fracture. No
other adverse events of grade 2 or more were observed in
any patient during the follow-up.

Discussion

In this study, the LPFS rate at one year after fractionated re-
irradiation was 33.8%, an unacceptably low value. Two
reasons may account for the low LPFS; the first is an
insufficient dose of fractionated re-irradiation. The biological
effective dose of 60 Gy in 30 fractions is smaller than that of
48 Gy in four fractions. In addition, the recurrent tumor might
contain potentially radioresistant cells that survived the prior
SBRT. The second reason is that the recurrent tumor and the
surrounding normal tissue might exhibit hypoxic changes due
to microvascular dysfunction as a late effect of the prior
radiotherapy (20, 21). In this respect, however, fractionated
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Abbreviations: LPFS = local progression-free survival; PFS = progression-free
survival C88 = cauge-specific survival; O8 = overall survivad,

Figure 2. Survival curves after definitive fractionated re-irradiation. This
figure shows Kaplan—Meier curves for the overall survival rate (0S),
cause-specific survival rate (CSS), progression-free survival rate (PFS),
and local progression-free survival rate (LPFS) of patients after re-
irradiation for local recurrence following stereotactic body radiotherapy.

irradiation takes better advantage of the reoxygenation
phenomenon compared to hypofractionated irradiation, which
may be reason for long-term local control being observed in
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only a few of our patients. Further investigation to determine
the optimal dose and fractionation is necessary.

To our knowledge, this is the first report of the feasibility
of re-irradiation for local recurrence after SBRT. In previous
studies of re-irradiation following fractionated irradiation
(12-16), the incidences of grade 2 and 3 radiation
pneumonitis were 3%-35% and 0%-21%, and those of
esophagitis were 0%-24% and 0%-6%. There were no cases
of grade 2 or more esophagitis in this study, unlike the
previous studies. We suspect that the reasons for the low
incidence of esophagitis are that the irradiation dose to the
esophagus was very low in the prior SBRT, and that the field
of re-irradiation did not include a prophylactic area. In
addition, no grade 2 or more pneumonitis was observed in
this study. One of the reasons is probably that none of the
patients had severe radiation pneumonitis after the prior
SBRT. If the patients had had severe radiation pneumonitis,
re-irradiation would not have been performed. This selection
bias was one of the limitations of this study.

The single patient who had a rib fracture received
medication without surgical treatment and improved. For all
of these reasons, fractionated re-irradiation may be a safe
treatment option for local recurrence following SBRT.
However, if the disease in the patients is initially operable,
we need to consider the indications for salvage lung
resection prior to re-irradiation. Chen et al. reported that
salvage surgical resection was feasible after SBRT in patients
with initially operable disease (22). In addition, when a
patient is epidermal growth factor receptor (EGFR)
mutation-positive, re-irradiation can be avoided by using an
EGFR-tyrosine kinase inhibitor as a salvage treatment.

In this study, we used a median dose of 48 Gy with four
fractions, which is the most frequently used schedule of SBRT
in Japan for primary lung cancer (23). This dose is smaller than
the doses used in the U.S.A. (24). The efficacy and safety of
re-irradiation after higher doses should be evaluated.

In this study, the median LPFS was 11.7 months, and long-
term local control was obtained in a few patients. The adverse
events are considered acceptable. Therefore, when other
treatment methods are difficult to perform, fractionated re-
irradiation may be an alternative. To improve the treatment
results of re-irradiation for local recurrence after SBRT, dose
escalation of fractionated re-irradiation, combinations of
chemotherapy, and re-irradiation using an SBRT technique
may be effective. To decide the optimal treatment strategy for
local recurrence after SBRT, a greater number of patients and
prospective randomized trials are necessary.

Conclusion
Definitive fractionated re-irradiation is thought to be safe and

an alternative therapy for local recurrence following SBRT,
although its efficacy may be not entirely satisfactory.
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Purpose: To report preliminary results of our second regimen with 45.5 Gy/7 fractions aiming to reduce
toxicity, compared with our first regimen with 54 Gy/9 fractions, using high-dose-rate (HDR) brachyther-
apy as monotherapy for prostate cancer.

Materials and methods: From 2005 through 2010, 63 patients with localized prostate cancer were treated
with HDR brachytherapy alone in 45.5 Gy/7 fractions for 4 days. Thirty-four patients were considered as
intermediate-risk and 29 as high-risk. Thirty-seven patients also received neoadjuvant and/or adjuvant
hormonal therapy. Biologically effective dose assuming «/f = 1.5 Gy (BED, 5) was reduced from 270 Gy
to 243 Gy, and BEDs o from 162 Gy to 144 Gy, compared to previous 54 Gy/9 fractions for 5 days.
Results: Median follow-up time was 42 months (range 13-72). Grade 2 acute toxicities occurred in six
(9.5%), late toxicities in five (7.9%) patients, and Grade 3 or higher in none. Grade 2 late gastrointestinal
toxicity rate was 1.6%, compared with 7.1% for the 54 Gy regimen. Three-year PSA failure-free rates for
intermediate- and high-risk patients were 96% and 90%, which were comparable to 93% and 85% for
the 54 Gy regimen.

Conclusions: Compared to the 54 Gy/9 fractions regimen, dose-reduced regimen of 45.5 Gy/7 fractions
using HDR brachytherapy as monotherapy preliminarily showed an equivalent or lower incidence rate
for acute and late toxicities without compromising the excellent PSA failure-free rate. Further studies
with more patients and longer follow-up are warranted.
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Prostate cancer
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High-dose-rate (HDR) brachytherapy
Monotherapy

Hypofractionation
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There are multiple treatment options for clinically localized
prostate cancer, including radical prostatectomy, external beam
radiotherapy (EBRT) [1,2], low-dose-rate (LDR) brachytherapy as
monotherapy {3,4], and a combination of EBRT plus LDR brachy-
therapy [5,6] or high-dose-rate (HDR) brachytherapy | 7,8]. Brachy-
therapy as LDR permanent seed implant or HDR afterloading can
deliver a high localized radiation dose to the tumor. LDR brachy-
therapy has been examined and evaluated the most and become
a standard treatment option; while recently HDR brachytherapy
is gaining momentum as an alternative to LDR. Several features
of HDR brachytherapy, including uniformly accurate, precise, and
reproducible dosimetry resulting from optimization capabilities,
radiobiologic and radioprotection advantages and reduced costs,
make HDR appealing for the treatment of prostate cancer. These
merits eliminate the dosimetric uncertainties of LDR related to
postimplant volume changes due to needle trauma and subsequent
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0871, Japan.
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edema during the several months of overall treatment time. HDR
significantly improves the radiation dose distribution because it
can modulate and accurately control both the spatial source posi-
tion and dwell time during treatment.

Researchers first used HDR brachytherapy for boosting EBRT in
the 1980s. However, to maximize the above-mentioned physical
and biological advantages of HDR, HDR monotherapy seems to be
the most efficacious with the shortest treatment period. Having
used regimens of 48 Gy/8 fractions or 54 Gy/9 fractions since
1995, we were the first to report on the use of HDR brachytherapy
without EBRT {9]. We subsequently reported promising prelimin-
ary and interim outcomes [10--12]. In 2005, however, we termi-
nated those regimens after using them for 10 years and moved
onto a new regimen of 45.5 Gy/7 fractions in order to reduce the
radiation dose. We made a hypothesis that we could reduce toxic-
ity by a moderate dose de-escalation, while keeping the excellent
outcomes. The aim of the current study is to report the preliminary
results of trial with this de-escalated dose regimen, discuss its
rationale in terms of biologically effective dose (BED), as well as
review the literature on HDR brachytherapy as monotherapy.
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Patients and methods

Patient selection and characteristics

Between 2005 and 2010, a total of 63 consecutive patients were
treated with HDR brachytherapy as monotherapy for clinically
localized prostate cancer in the scheme of prospective trial. The eli-
gibility criteria were (1) clinical TNM Stage T1c~T3b, or T4 with
only bladder neck invasion and without nodal or other distant
metastases as established by clinical, biochemical, and imaging
studies, including magnetic resonance imaging, computed tomog-
raphy (CT), and bone scans; (2) candidacy for epidural anesthesia;
(3) data on pretreatment transrectal ultrasound (TRUS) and serum
prostate-specific antigen (PSA) levels accessible; and (4) informed
consent. Patients were eligible for treatment independent of gland
size provided a sufficiently broad pelvic inlet and freedom from
lower urinary tract symptoms. Patients were considered ineligible
when they had previous pelvic radiotherapy for another malig-
nancy, previous surgery or transurethral resection of the prostate,
or prostate cancer recurrence. This study was approved ethically
by the institutional review board.

The median age at diagnosis was 69 years (range, 50-82). All
patients had biopsy-proven adenocarcinoma of the prostate.
According to the 2002 International Union Against Cancer TNM
staging system, 15 patients had T1, 32 had T2, 14 had T3 and
two had Stage T4. Pretreatment PSA level was 3.9-378.5 ng/ml
(median 11.5), including 26 patients with a PSA level <10.0 ng/
ml, 22 with 10.0-19.9 ng/ml, and 15 with a PSA level >20.0 ng/
ml. Eleven patients had a Gleason score of <6, 34 a score of 7,
and 18 a score of 8 or 9. We defined low-risk patients as those with
a pretreatment PSA level of <10.0 ng/ml, Gleason score of <6, and
Stage T1c-T2a; intermediate-risk patients as those with PSA =10
but <20 ng/ml, Gleason score 7, or Stage T2b-T2c; and high-risk
patients as those with PSA >20.0 ng/ml, Gleason score =8, or
Stage T3-T4. Thirty-four patients were classified as intermediate
risk, and the other 29 as high risk.

In our protocol, patients with only one intermediate-risk fea-
ture were not given hormone therapy. The other intermediate-risk
and all high-risk patients received 6-12 months of neoadjuvant
hormone therapy but no adjuvant. However, if the patients refused
hormone therapy, it was skipped. If high-risk patients preferred
long-term hormone therapy after being informed of survival bene-
fit of it in case of EBRT, adjuvant hormone therapy was allowed up
to 3 years as a total duration. A total of 37 patients (59%) received
hormone therapy, consisting of androgen deprivation. Hormone
therapy was administered neoadjuvantly to these patients and
continued adjuvantly for 14 (38%). The median duration of neoad-
juvant and adjuvant hormone therapy was 7 and 18 months. Hor-
mone therapy was administered more frequently to high-risk
patients (25 of 29 patients, 86%) than to intermediate-risk patients
(12 of 34 patients, 35%). Patient and tumor characteristics are
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shown in Table 1.

Monotherapeutic HDR brachytherapy technique

The implant technique has been previously described in detail
by us |[9]. In brief, it involved continuous epidural anesthesia,
real-time TRUS guidance, the use of metallic applicators and appli-
cator stoppers (Trocar Point Needles and Needle Stoppers; Nucle-
tron, Veenendaal, The Netherlands), and an original template and
its cover plate (Taisei Medical, Osaka, Japan).

The clinical target volume (CTV) included the whole prostate
gland with a 5 mm margin except for the posterior (rectal) margin,
which varied from 2 to 5 mm depending on the distance to the rec-
tal wall. If extracapsular and/or seminal vesicle invasion was ob-
served or strongly suspected, that area was included in the CTV

and applicators were placed there. The planning target volume
(PTV) was equal to the CTV, except for in the cranial direction,
where it was 1 cm larger and included the bladder base. The top
2 cm of the applicators were placed within the bladder pouch, such
that the PTV included a 1-cm margin in the cranial direction from
the CTV. This margin was established, not only to avoid the cold
area at the base of the prostate, but also to compensate for possible
needle displacement in the caudal direction.

CT-based treatment planning was performed with the aid of
PLATO (Nucletron) using geometric optimization (volume method)
and manual modification. The prescription dose point was posi-
tioned 5 mm distant from one source in the central plane. The fol-
lowing dose constraints were applied: the dose to the whole
urethra should be 100-150% of the prescription dose, preferably
<125%, and the dose to the whole rectal mucosa should be <100%
of the prescription dose, preferably <80%. The PTV coverage
requirements were D90 >100%, D95 >100% and V100 >97%. The
dose-volume constraint for the rectum was D5 cc <55%, which
was drawn from our previous analysis, where D5 cc <27 Gy was
a significant cut-off value for late rectal toxicity {13]. The BED of
27 Gy in 9 fractions corresponded to 55% of the prescription dose
in this study.

The epidurally anesthetized patients remained in bed for 4 days
from Monday to Thursday and underwent irradiation twice daily
with an interval of >6 h. The treatment consisted of 7 fractions
of 6.5 Gy each (total 45.5 Gy). Its BED and biologically equivalent
dose in 2-Gy fractions (EQDogy) are discussed in detail in the Dis-
cussion section together with our rationale. Prophylactic antibiot-
ics were administered twice daily from the day of implant to Day 5.
Air-pumping devices were attached to the patients’ lower legs to
prevent deep vein thrombosis from the day of implant to Day 4.
One hour before administration of each irradiation fraction, a uri-
nary balloon catheter was clipped in place to keep the urine within
the bladder pouch so that the opposite side of the bladder wall and
the bowels were kept away from the irradiation field. To ensure the
correct needle position, radiation oncologists confirmed that no

Table 1
Patient characteristics.
Characteristic Value
Number of patients 63
Age
Median 69
Range 50-82
T classification
T1 15 (24%)
T2 32 (51%)
T3 14 (22%)
T4 2 (3%)
Gleason score
6 11 (17%)
7 34 (54%)
8/9 18 (29%)
Pretreatment PSA (ng/ml)
<10.0 26 (41%)
10.0-19.9 22 (35%)
>20.0 15 (24%)
Median 11.5
Range 3.9-378.5
Risk group
Intermediate 34 (54%)
High 29 (46%)
Hormone therapy
Yes 37 (59%)
No 26 (41%)
Follow-up (mo)
Median 42
Range 13-72

PSA = prostate-specific antigen.
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abnormal space was present between the perineum and template,
no unexpected edema was present in the perineum, and none of
the needle ends protruded unexpectedly compared with the others
before each irradiation fraction. However, routine repositioning of
the inserted needles before each session (for example, radiography
before each session) was not performed. Instead, as mentioned
above, we used a 1-cm PTV margin in the cranial direction so that
it covered the CTV adequately even when the needles had moved
<1 cm in the caudal direction. We had collected data on needle dis-
placement in the very early period of our previous study {12} and
had found that unexpected changes in needle position were dis-
tributed between 0 and 1 cm in the caudal direction in most ses-
sions for most patients. However, the data were not meant for
publication. We are now testing a new method to adjust the source
dwell positions to an original position by moving them to the tip-
side space in the displaced needles, referring to the gravity of im-
planted metal markers for an indicator, using CT before each irra-
diation fraction; but we had not yet done so in the current study.

Follow-up and toxicity assessment

A radiation oncologist and urologist conducted the follow-up
evaluations at least every 3 months, including PSA determinations
and queries about urinary and bowel symptoms. PSA failure was
defined as the nadir plus 2 ng/ml in accordance with the Radiation
Therapy Oncology Group/American Society for Therapeutic Radiol-
ogy and Oncology Phoenix Consensus Conference recommenda-
tions. Acute and late toxicity was scored according to the
Common Terminology Criteria for Adverse Events, version 3.0.
Acute toxicity was defined as symptoms observed during or after
treatment that had completely resolved by 6 months after treat-
ment. Treatment-related toxicity that persisted >6 months after
treatment completion was considered late toxicity. Primary end-
points of this study were acute and late toxicities of Grade 2 or
more. Secondary endpoint was PSA failure-free rate. The expected
outcomes were as follows; Grade 3 toxicity being minimized to be
near zero, and Grade 2 toxicity reduced, while PSA failure-free rate
maintained, in comparison to our previous report |[12]. Erectile
function was not evaluated in this study due to the hormone ther-
apy in the majority of patients. The median follow-up time was
42 months (range 13-72).

Statistical analysis

Fisher’s exact test was used to compare percentages for the two
groups, while the unpaired t test was used to compare the average
values. PSA failure-free rates were calculated with the Kaplan and
Meier method. Values of p < 0.05 were considered significant. Sta-
tistical analysis was performed with [BM SPSS Statistics 20 soft-
ware (IBM, Armonk, NY, USA).

Results

Clinical outcome

No patients were lost to follow-up. Of the 63 patients, five
developed PSA failure, three without clinical events and two show-
ing evidence of bone metastases. The three-year actuarial overall
survival and metastasis-free survival rates were 100% and 98%.
The three-year actuarial PSA failure-free rates for intermediate-risk
and high-risk patients were 96% and 90% (Figs. 1 and 2). Hormone
therapy had no impact on PSA failure-free rate (p = 0.985)
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Fig. 1. PSA failure-free rates for intermediate-risk patients (solid line = 45.5 Gy/7
fractions; dashed line = 54 Gy/9 fractions).
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Fig. 2. PSA failure-free rates for high-risk patients (solid line = 45,5 Gy/7 fractions;
dashed line = 54 Gy/9 fractions).

Acute toxicity

While no Grade 3 or higher acute toxicity was detected, 6 pa-
tients (10%) experienced Grade 2 acute toxicity (all with urinary
frequency/urgency). For comparison, Table 2 shows details of acute
toxicity for both this study (45.5 Gy/7 fractions group) and our pre-
vious study (54 Gy/9 fractions group) [ 12]. The average of D10 of
the urethra was significantly higher in the patients with Grade 2
acute toxicity (70.6 £ 8.7 Gy, average * standard deviation) than
in the other patients with Grade 0/1 (62.5 +4.7 Gy) (p = 0.009).
The other dosimetric parameters (Dmax, D5, D30, D90, V100,
V110, V120, V130, V140, V150 of the urethra, or D1 cc, D2 cc,
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Table 2

Acute and late toxicity of grade 2 or more in two groups of 45.5 Gy/7 fractions and 54 Gy/9 fractions.

Toxicity 45.5 Gy/[7 fractions 54 Gy/9 fractions
Total Toxicity grade Total Toxicity grade
2 3 4 2 3 4
Acute toxicity
Genitourinary toxicity
Hematuria 63 0 o} 0 112 3 (3%) 1(1%) 0
Urethral pain 63 0 0 0 112 0 1(1%) 0
Urinary frequency/urgency 63 6 (10%) 0 0 112 13 (12%) 3 (3%) 0
Urinary retention 63 0 0 0 112 3 (3%) 1(1%) 0
Gastrointestinal toxicity
Anal pain 63 0 0 0 112 1(1%) 0 0
Constipation 63 0 0 0 112 1(1%) 0 0
Late toxicity
Genitourinary toxicity
Hematuria 63 1(2%) 0 0 112 1(1%) 0 0
Urethral stricture/stenosis 63 0 0 0 112 1(1%) 1(1%) 0
Urinary frequency/urgency 63 2 (3%) 0] 0 112 2 (2%) 0 0
Urinary pain 63 1(2%) 0 0 112 2 (2%) 0 0
Urinary retention 63 0 0 0 112 1(1%) 0 0
Gastrointestinal toxicity
Rectal bleeding 63 1(2%) 0 0 112 6 (5%) 0 0
Rectourethral fistula 63 0 0 0 112 0 1(1%) 0
Sigmoid colon perforation 63 0 0 0 112 [¢] 1(1%) 0

Grade: the Common Terminology Criteria for Adverse Events, version 3.0.

D5 cc, D10 cc of the bladder) did not correlate significantly to
Grade 2 acute toxicity.

Late toxicity

No Grade 3 or higher late toxicity was detected, but four pa-
tients (6%) experienced Grade 2 late genitourinary toxicity (two
with urinary frequency/urgency, and one each with hematuria
and urinary pain), and one patient (2%) suffered Grade 2 late rectal
bleeding. For comparison, Tabie 2 shows details of late toxicity for
both this study (45.5 Gy/7 fractions group) and our previous study
(54 Gy/9 fractions group) {121 The above-mentioned dosimetric
parameters of the urethra or the bladder in the patients with Grade
2 late genitourinary toxicity were not significantly different from
the other patients with Grade 0/1. The only patient with Grade 2
late rectal bleeding did not have any peculiar value in terms of
D1 cc, D2 cc, D5 cc, or D10 cc of the rectum.

Discussion

Historically, HDR brachytherapy was introduced to boost EBRT
{7.8]. However, this combination typically adds 4-5 weeks to the
time needed for completion of EBRT in addition to hospitalization
for HDR brachytherapy. In contrast, if a satisfactory dose distribu-
tion could be achieved with HDR brachytherapy alone without
EBRT, it would definitely be the most efficient method to achieve
a high degree of conformity and dose escalation. For this purpose,
we initiated HDR brachytherapy without EBRT, which is, to the
best of our knowledge, the first such treatment reported in pub-
lished studies [9]. In 1995, we launched HDR monotherapy with
48 Gy/8 fractions/5 days, and escalated the dose to 54 Gy/9 frac-
tions/5 days the next year and continued it until 2005 eventually
treating a total of 119 patients [10-12]. The method we used to
determine our dose-fractionation schedule has been previously re-
ported [11].

With a median follow-up of 5.4 years, we achieved a satisfac-
tory biochemical control rate of around 90% for low- and interme-
diate-risk, and of around 80% for high-risk patients, which may be
associated with high BED. On the other hand, the toxicity rate,

while acceptable, was not very satisfactory, because some patients
experienced Grade 3 and 2 toxicity in spite of an excellent dose dis-
tribution of HDR brachytherapy. Specifically, 5% acute and 3% late
Grade 3 toxicity occurred in this study cohort, as well as 7.1% each
for late Grade 2 gastrointestinal and genitourinary toxicity for the
54 Gy regimen {[12]. This first prompted us to reduce the dose of
our regimen. In addition, Brenner and Hall in 1999 {14}, as well
as others later on [15-18}, reported a very low «/f ratio for pros-
tate cancer mostly in the range of 1.2-3.1 Gy. Although the real
/B value is still under debate, we assumed 1.5 Gy as the most rep-
resentative one in this study. Because such o/ values of around
1.5 Gy were significantly lower than estimated in 1995 or 1996
when we had determined the 54 Gy/9 fractions regimen, we began
to consider the BED of the 54 Gy regimen as perhaps higher than
necessary. The third reason for dose reduction was that our regi-
men, in comparison to other dose-fractionation regimens reported
in the literature (Appendix 1), had a rather high BED of 270 Gy
(EQD2gy =116 Gy, assuming off = 1.5 Gy). The list in Appendix 1
shows that the median BED was 256 Gy (range: 208-299) and
the median EQD,¢y = 110 Gy (range: 89-128). We therefore termi-
nated the 54 Gy regimen in 2005 and proceeded to using 45.5 Gy/7
fractions while aiming for a BED of 243 Gy and EQD,¢, of 104 Gy.
The fourth and final reason for wanting to make our treatment per-
iod shorter was that patients felt the length of the 5-day regimen
was inconvenient and made them feel uncomfortable, while it also
increased the risk of deep vein thrombosis and infection. We there-
fore decided to reduce the regimen from 5 days to 4 days.

Thus far, the preliminary results have been favorable and met
our expectations. Three-year biochemical control rates for inter-
mediate- and high-risk patients were 96% and 90%, respectively,
compared with 93% and 85% for the 54 Gy regimen {12}. No toxic-
ity of Grade 3 or higher was observed with the 45.5 Gy regimen,
whereas 5% acute and 3% late Grade 3 toxicity was associated with
the 54 Gy regimen. The incidence rate of Grade 2 or higher acute
toxicity was significantly lower for the 45.5 Gy than for the
54 Gy (p=0.026). The Grade 2 late gastrointestinal toxicity rate
was 1.6%, which was lower than the 7.1% for the 54 Gy regimen.
The Grade 2 late genitourinary toxicity rate was 6.3%, which was
comparable to 7.1% for the 54 Gy regimen. Overall, our initial
impression is that the dose-reduced regimen of 45.5 Gy/7 fractions
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resulted in toxicity equivalent to or less than that for the 54 Gy/9
fraction regimen without compromising the biochemical control
rate.

However, the present study had several limitations. First, the
number of patients was as small as 63, and the median follow-up
time was only 42 months (range 13-72). These indicate that the
presented data are only preliminary, so that longer further fol-
low-up and more patients are needed before any general conclu-
sions can be drawn. Secondly, there should be a selection bias.
Because this study was not a randomized controlled trial, a possi-
bility remained that patients with better prognosis tended to be
enrolled. In fact, we selected at least a candidate for epidural anes-
thesia and a patient who agreed to 4-day bed rest. Thirdly, more
than half of the patients (59%) received hormone therapy, which
might affect favorably on PSA failure-free rate, although the rate
of use of hormone therapy was lower in this study than in our pre-
vious one (84%) |12l Lastly, effect of “learning curve” should be
considered. When the present study started, we had already trea-
ted more than 100 patients in our previous study; therefore, the re-
duced rate of toxicity seen in this study might be attributable
partly to our technical improvement, not only to the de-escalation
of BED.

Appendix 1 lists as many data on dose fractionations and their
clinical results as we could collect from the literature on HDR
brachytherapy used as monotherapy for prostate cancer. We dis-
covered that very few institutions were using HDR monotherapy
in the 1990s, so that the publications by these institutions in the
2000s were also very few. In the 2000s, however, the number of
institutions that started to use HDR monotherapy increased, and
the resultant publications have also been increasing in the 2010s.
In these findings we could find some interesting trends. The first
is toward a smaller number of fractions and shorter treatment
duration. In the 1990s and early 2000s, many institutions started
using 4-fraction regimens, for example, 38 Gy/4 fractions [19-
221. However, 3-, 2-, or even 1-fraction regimens are being adopted
recently. Zamboglou et al. {231, Hoskin et al. {24}, and Barkati et al.
{25} used 30-34.5 Gy/3 fractions (10-11.5 Gy per fraction), and
Hoskin et al. {24} and Ghilezan et al. [26] 26-27 Gy/2 fractions
(13-13.5 Gy per fraction). Prada et al. {27] reported their findings
for a 19 Gy/1 fraction regimen. On the basis of the linear-quadratic
model and the assumption that the «/p value of prostate cancer
was lower than the surrounding normal tissue [14-18,28], it ap-
pears that a one-fraction regimen would maximize the therapeutic
ratio and at the same time resolve the disadvantages of HDR brach-
ytherapy, that is, hospitalization and needle displacement during
the treatment period. However, a one-fraction regimen might, by
its very nature, undermine the advantages of fractionation, that
is, reoxygenation and redistribution (reassortment). Careful watch-
ing should thus be essential for such an exciting new regimen.

The second trend appeared to be that the indication for mono-
therapeutic HDR brachytherapy is being extended from only low-
risk or low- to intermediate-risk to intermediate- and high-risk
prostate cancer. While we were the first to describe the indication
for low- to high-risk groups, subsequent reports limited their indi-
cations to only low- or low- to intermediate-risk patients
119,20,22,29,3G1. In this context, some authors insisted that HDR
monotherapy was suitable only for low- or low- to intermediate-
risk, while a combination of EBRT and HDR brachytherapy was
suitable for intermediate- to high-risk patients, thus emulating
the scheme for permanent LDR seed implant brachytherapy. How-
ever, we insisted that there should be no reason for the addition of
EBRT, even for the high-risk group, because HDR brachytherapy
could adequately irradiate even extracapsular lesions. The most re-
cent publications include more and more reports on intermediate-
to hlgh rlsk patients treated with HDR monotherapy. Zamboglou
231, who belong to the same institution as Martin et al.
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{201 who had included only low- to intermediate-risk prostate can-
cer, recently reported their findings for HDR monotherapy for a
large cohort of 718 patients ranging from low- to high-risk. Hos-
kin's group [24] is carrying out HDR monotherapy for low- to
high-risk patxents based on a concept similar to ours, while Rogers
et al. {31] did so only for an intermediate-risk group of 284
patients. All these recent studies seem to indicate that there is
no reason to limit indication for HDR monotherapy to low-risk
patients, while the second trend suggests that such indication is
being extended to high-risk patients.

As in our case, many institutions implemented dose escalation
for HDR monotherapy. As a result, the biochemical control rates
thus obtained were generally satisfactory at approximately 90%
(Appendix 1), On the other hand, some Grade 2 or even Grade 3
toxicities were seen. The incidence rate for late Grade 2 genitouri-
nary toxicity reportedly ranged from 0.0% to 59.0%, and that for
gastrointestinal toxicity from 0.0% to 13.0%. Some authors reported
Grade 3 late toxicities, which are undesirable by any standard. On
the assumption of /g = 3.0 Gy, BED for normal tissue ranged from
120 to 167 Gy (median 144 Gy), and EQD,¢y from 72 to 100 Gy
(median 86 Gy). The above-mentioned toxicity rates may well be
associated with such high doses. We anticipate that the next trend,
i.e,, the third, should be dose reduction with the aim of reducing
the toxicity rate without compromising the high biochemical con-
trol rate achieved thus far. In other words, we should try to deter-
mine the optimal BED and, if possible, the true «/f value for
prostate cancer by examining results from various dose-fraction-
ation regimens.

In conclusion, after 10 years’ experience with the 54 Gy/9 frac-
tions regimen of HDR brachytherapy as monotherapy, we em-
barked on a dose-reduction trial with a regimen of 45.5 Gy/7
fractions. In comparison to the 54 Gy/9 fractions regimen, our pre-
liminary results showed an equivalent or lower incidence rate for
acute and late toxicities, without compromising the excellent bio-
chemical control rate, so that further studies with more patients
and longer follow-up are clearly warranted.
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Dynamic computed tomography appearance of tumor
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Aim: To evaluate the dynamic computed tomography (CT)
appearance of tumor response after stereotactic body radia-
tion therapy (SBRT) for hepatocellular carcinoma (HCC) and
reconsider response evaluation criteria for SBRT that deter-
mine treatment outcomes.

Methods: Fifty-nine patients with 67 tumors were included
in the study. Of these, 56 patients with 63 tumors underwent
transarterial chemoembolization using lipiodol prior to SBRT
that was performed using a 3-D conformal method (median,
48 Gy/four fractions). Dynamic CT scans were performed in
four phases, and tumor response was evaluated by compar-
ing tumor appearance on CT prior SBRT and at least 6 months
after SBRT. The median follow-up time was 12 months.

Results: The dynamic CT appearance of tumor response was

classified into the following: type 1, continuous lipiodol accu-
mulation without early arterial enhancement (26 lesions,

38.8%); type 2, residual early arterial enhancement within 3
months after SBRT (17 lesions, 25.3%); type 3, residual early
arterial enhancement more than 3 months after SBRT (19
lesions, 28.4%); and type 4, shrinking low-density area without
early arterial enhancement (five lesions, 7.5%). Only two
tumors with residual early arterial enhancement did not dem-
onstrate remission mare than 6 months after SBRT.

Conclusion: The dynamic CT appearance after SBRT for HCC
was classified into four types. Residual early arterial enhance-
ment disappeared within 6 months in most type 3 cases;
therefore, early assessment within 3 months may result in a
misleading response evaluation.

Key words: dynamic computed tomography appearance,
hepatocellular carcinoma, stereotactic body radiation
therapy

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is closely
associated with hepatitis B virus (HBV) or hepatitis
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C virus (HCV) infections and the increasing prevalence
of viral infections has led to an increased incidence of
HCC. The curative therapy for HCC involves surgery
including resection or transplantation."> However, only
10-30% patients initially presenting with HCC would
be eligible for surgery either due to liver dysfunction,
underlying cirrhosis or presence of multifocal tumors
arising from viral infection.? For such patients, locore-
gional therapies such as ablative therapies or transarte-
rial chemoembolization (TACE) are recommended.'?
Radiation therapy is a locoregional therapy that can
be considered as an alternative to ablation/TACE or
when these therapies have failed.' Recently, advances
in imaging and radiation techniques that deliver high
doses of radiation to focal HCC have helped to avoid
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