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In 65 men with normal potency at 5 years, 35 men (54%)
used PDE-5 inhibitors at least once.

Discussion

We performed 2200 cases of prostate BT in a decade
since September 2003. We adopted the preplanning tech-
nique and shifted to the intraoperative planning with dose
escalation, step by step. With careful analysis of postplan
results in the study period, average Dgy of 183 Gy (range,
126—233 Gy) was achieved at Day 30 in monotherapy. In
this dose range, BT was definitely an ablative treatment.
The median PSA nadir was 0.05 ng/mL, and many patients
are still showing a decreasing trend even after 7 years. The
biochemical control rates we report here were excellent for
all risk groups and consistent with other published results
(1—115).

In patient selection, we followed American Brachyther-
apy Society recommendation and consensus guidelines {18,
19). Certain intermediate-risk patients with low-risk fea-
tures of low-volume disease (a biopsy positive core rate
of <34%) (20}, predominant Pattern 3 and low PSA were
treated with BT alone without supplemental EBRT. Patients
with other high-risk features were treated with BT and sup-
plemental EBRT. We excluded patients with PSA >50 ng/
mL (21} or having massive invasion to the seminal vesicles
on MRL

In this series, 40% of the patients were treated with
NADT. There were some special issues in Japan. ADT
alone was used as a common treatment option for any pa-
tients with any stages throughout the country. Many pa-
tients treated with ADT in other institutions all over
Japan came to us seeking for BT during the early study
period. The median duration of 8 months of NADT was
not intentional. Moreover, the Japanese Guidelines for
Safety Control of Brachytherapy with Permanently Im-
planted Sealed Radiation Sources for Prostate Cancer
recommend the regulation of two types of release criteria,
not exceeding the measured radiation dose rate of
1.8 uSv/h at a distance of 1 m from the patient and also
not exceeding the administered radionuclide activity of
1300 MBq (22}. This special situation arises from a general
anxiety about radiation risk among the population. There-
fore, we usually had to reduce the prostate volume to
around 30 cc with NADT for radiation safety {12}. Now
we can manage to treat a patient with a prostate of
40—60 cc without NADT, following the regulation {22).

Based on the univariate analysis, the risk groups, biopsy
Gleason score, positive biopsy rates, initial PSA level, T-
stage, and EBRT were all confirmed to be significant pre-
dictors of biochemical tumor control after prostate BT
{1—4). In addition, we found that the dose and NADT
significantly impacted on biochemical outcomes in the
multivariate analysis. The dose—response relationship is
still controversial in permanent prostate BT (23, 24). In
the low-risk and low-tier intermediate-risk groups treated

559

using BT alone, postimplant Dy at Day 30 was signifi-
cantly associated with improved biochemical control when
the dose delivered to the prostate was >150 Gy in our pre-
vious report (25). Zelefsky et al. {3} reported that at Day 0,
Dy of >140 Gy was associated with improved biochemical
tumor control compared with lower doses. In a series by
Mortris et al. {63, Dgg values of <130 Gy at Day 0 or
Day 30 were predictive of an increased risk of recurrence
in the non-NADT subset. Because Dy values change
greatly from 0 to 30 days postimplant (16), this factor
may have accounted for a variable threshold of the dose—r-

showed that the average Doy was 156 Gy at Day 1 and
183 Gy at Day 30; the difference was as large as 17%. In
this study, patients with intermediate-risk disease had an
improved outcome with BED of =180 Gy, compared with
a lower BED. Stone ef al. (7} reported BED~—response
relationship for the intermediate-risk group in a multi-
institutional analysis. Our results are comparable with re-
ports of favorable oncologic results of the prostate Dog of
=180 Gy (26). In our patient selection, patients with bulky
disease or Gleason score 4 + 3 are treated with BT and sup-
plemental EBRT. Advantage of supplemental EBRT is in-
traprostatic dose escalation as well as good coverage of
extracapsular extension and seminal vesicle invasion (27).
In contrast, we did not find a dose—response relationship
for the high-risk patients with very high BED setting in
our previous study {28).

The addition of ADT to combined BT with EBRT is still
controversial. A clinical randomized trial has been conduct-
ed to investigate the efficacy of short-term vs. long-term
adjuvant ADT after the combination of BT and EBRT for
high-risk patients in Japan (29). At the Tokyo Medical Cen-
ter, low- to intermediate-risk patients are now less likely to
have NADT, and high-risk patients are now prescribed with
short-term ADT. Implant planning technique was not a
prognostic factor as we previously reported (13).

Most patients had no long-term treatment-related severe
toxicity. The 7-year actuarial developing Grade 3+ GU and
GI toxicity was 2% and 0.3%, respectively. These severe
toxicity rates are comparable with those in other reports
(1, 4,5, 10, 1. 30). Acute urinary retention is a major
toxicity in prostate BT (3(}. In the present series, 5.2%
of patients experienced urinary retentions, but most of them
resolved spontaneously within several weeks. Our previous
data suggest that the number of needles and hormonal
manipulation increased the risk of catheterization (31).
Grade 2+ GI toxicity developed in 12.6% of patients
treated with the supplemental EBRT. We previously re-
ported rectal dose constraint for minimizing Grade 2+
rectal bleeding (32}. Since 2011, intensity-modulated radio-
therapy has been available using EBRT, and GI toxicity has
been reduced in our department (i, 11). The rectal vol-
umes receiving doses higher than 30, 35, and 40 Gy by sup-
plemental EBRT should be kept under 15%, 25%, and 35%,
respectively (32). In this setting, the Grade 2+ rectal
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toxicity has decreased to 5%. We showed a satisfactory re-
turn to baseline urinary function in 70% of patients
12 months later; however, recovery was not complete even
at 60 months. Managing long-term GU toxicity is still
challenging for prostate BT (30). Maintenance of erectile
function is modest (33}, and we report 44% of men who
were potent at baseline reported normal erections at 5 years,
with an additional 18% having suboptimal erections. We
propose that PDE-5 inhibitor use should be encouraged
after BT {(34).

Conclusions

nent prostate BT in a high-volume center in Japan.

Our results demonstrated excellent results with perma-
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prostate BT is a highly effective treatment option for low-
, intermediate-, and selected high-risk prostate cancers. Uri-

nary,

rectal, and sexual side effects were tolerable.

Adequate dose may need to be delivered to achieve suc-
cessful biochemical control. Outcomes with technical shifts
or dose escalation should be analyzed with rigorous and
longer followup periods including investigations into pat-
terns of failure.
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ABSTRACT

PURPOSE: To expand the radiation dose rate measurement data set by measuring radiation under
various prostate 125 brachytherapy situations.

METHODS AND MATERIALS: Measurements were obtained from 63 consecutive unselected
patients at Tokyo Medical Center, Japan. Differences in factors during measurements, such as body
postures, distances from the skin surface, and measurement directions were considered. Further-
more, shielding effects of lead-lined underwear, consisting mainly of 0.1-mm thickness of lead,
were also assessed.

RESULTS: Radiation exposure varies according to the patient’s body posture, with results differing
as much as approximately 40.0% in measured radiation dose rates at 30 cm from the anterior skin
surface. Weight, body mass index, and tissue thickness showed good correlations with measured
radiation dose rates. The magnitude of radiation exposure attenuation by shielding was approxi-
mately 95.8%, similar to the attenuation ratio based on tissue measurements made in the lateral
direction. The respective mean times required to reach 1 mSv were 1.2, 7.6, and 65.4 days in the
standing position and 0.6, 4.6, and 40.4 days in the supine position at the site of contact, and at
30 and 100 cm from the anterior skin surface.

CONCLUSIONS: This study obtained supplemental information pertaining to radiological
protection and confirmed that shielding can be an effective tool for reducing exposures. © 2014

American Brachytherapy Society. Published by Elsevier Inc. All rights reserved.

Keywords:

Brachytherapy; lodine-125; Radiation exposure; Prostate cancer; Radiation safety

Introduction

Permanent seed implant treatment using '*°I is currently
a common procedure for Jocalized prostate cancer (13}, as
this method is now viewed worldwide as being on par with
external beam radiation therapy and prostatectomy (4, 5).
In Japan as well, about 27,000 patients have undergone
ultrasound-guided transperineal permanent implantation
brachytherapy for early-stage prostate cancer. To avoid un-
necessarily high radiation exposure to the general public,
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the International Commission on Radiological Protection
(ICRP) recommends that a medical facility may authorize
release from its control of any individual who has been
administered a byproduct material if the effective dose to
any other persons from exposure to this individual is not
likely to exceed 5 mSyv, and the effective dose to a member
of the general public is not likely to exceed 1 mSv (6).
Furthermore, according to Nuclear Regulatory Commission
(NRC) regulations, prostate brachytherapy patients are
given instructions regarding precautions against unneces-
sarily exposing others, with the recommendations that radi-
ation exposures to others be kept as low as reasonably
achievable (ALARA) ¢7, 3.

The NRC does not require a specific set of patient in-
structions. Instead, instructions are left to the discretion
of the facility. Radiation safety precaution instructions
given to patients, therefore, have relied on a community
consensus developed from the literature and actual practice

1538-4721/$ - see front matter © 2014 American Brachytherapy Society. Published by Elsevier Inc. All rights reserved.
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(9—11). The Japanese Guidelines for Safety Control of
Brachytherapy with Permanently Implanted Sealed Radia-
tion Sources for Prostate Cancer recommend a much more
sophisticated approach, taking into account attenuation by a
possible protective device, such as lead-lined underwear,
the duration of wearing such an undergarment, and the con-
tact time of the involved person per day at given distances
(12). This approach results in introducing the regulation of
two types of release criteria, not exceeding the measured
radiation dose rate of 1.8 uSv/h at a distance of 1 m from
the patient, and also not exceeding the administered radio-
nuclide activity of 1300 MBq. This special situation arises
from a general anxiety about radiation risks among the
population, although some peer-reviewed publications with
data showing that the radiation exposure to family mem-
bers, support providers, care givers, and members of the
general population coming into contact with patients
harboring prostate permanent implants with radioactive
seeds is very low {9, 10, 13—13).

The authors are frequently asked for more detailed infor-
mation regarding the true exposure rates and associated risk
that patients pose to the public. However, there are no data
for specific measurements situations, such as the patient’s
body postures, or considering lifestyle habits. In addition,
published data have been limited to Europeans and North
Americans who are physically different from Asian popula-
tions. These data thus do not provide peace of mind for
Asian patients. Magnitudes of radiation exposures are
directly linked to not only by the activity of the adminis-
tered radionuclides but also to the tissue attenuation associ-
ated with the patient’s physical build. The purpose of this
study was to provide appropriate assessment expanding
the radiation dose rate measurement data, by taking into
consideration lifestyle habits, and to provide reassurance
regarding the safety of radiation exposure after prostate
12 brachytherapy.

Methods and materials

A total of 63 consecutive patients with stage T1—T3a
localized prostate cancer who underwent transperineal 1251
implantation at Tokyo Medical Center, National Hospital
Organization, during the period from May 2012 through
February 2013 were studied. The characteristics of these pa-
tients are listed in Fable 1, which describes their states at the
time of radiation dose rate measurements. Seed implanta-
tions were performed by the standard technique, using an
intraoperative three-dimensional conformal treatment plan-
ning system {16, 17}. In the case of a permanent implant be-
-ing the sole treatment, prescription doses at the external
surface of the prostate were 160 Gy for 46 patients;and in
the 17 patients who had received prior 45-Gy external beam
radiotherapy, the prescription dose was 110 Gy (18}.

Various radiation dose rate measurements were per-
formed the day after implantation, focusing particularly
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Table 1
Characteristics of 63 patients in this study

Standard
Characteristics Mean deviation Minimum Maximum
Age (y) 69 6 57 83
Number of implanted seeds 82 15 46 115
Total implant activity (mCi) 29.2 7.7 12.6 46.3
Weight (kg) 66.0 7.9 48.0 829
BMI (kg/m?) 239 2.7 17.3 29.7
Prostate volume (mL) 334 8.7 11.3 58.7

BMI = body mass index.

on different body postures of patients and lifestyle habits.
Radiation dose rate measurements were performed in two
different positions, standing and supine, on the anterior
skin surface at the point of the symphysis pubis, and at dis-
tances 30 and 100 cm perpendicular to the surface of the
anterior skin. Measurements at the skin surfaces of the
right or left lateral torso at the locations of the femoral
heads, at 30 cm from the surface of the lateral skin, were
also performed. Furthermore, we assessed the magnitude
of attenuation of the measured radiation dose rate by hav-
ing each subject wear personal lead-lined underwear, con-
sisting mainly of 0.1-mm thickness of lead, known as
Radiation Guard, a product handled by Atlantic Nuclear.
Radiation dose rate measurements were obtained using a
Fluke model 451B ion chamber survey meter calibrated
with energy at 30 keV. Calibration-corrected readings for
25T energy were used in this study. The total activity
(mCi) of the implant; measured radiation dose rate (uSv/h);
and the preoperative weight (kg), height (cm), number of
sources implanted, and prostate volume (mL) were re-
corded and then subsequently evaluated retrospectively.
The lifetime exposures of individuals near the patient under
various conditions were calculated using the following
equation {11)

D(%)=34.6-T,,-D(0)-E

where D (o) is the committed dose in uSv, 34.6 is the con-
version factor of 24 h/d times the total integration of decay
(1.44), Ty, is the half-life in days (59.4 days), D(0) is the
measured radiation dose rate (uSv/h), and E is the occu-
pancy factor based on the fraction of time a person could
be in the vicinity of the implanted patient. The time
required to reach a given total dose D (#) (uSv) is given
by following equation {11}

. ___ D
=Ty In <1 34.6~T,/2~D(0)~E)
0.693

Two sets of calculations were made using the mean radi-
ation dose rate measurements. In the first set of calculations,
the occupancy factor was assumed to be 1.00 (100%), repre-
senting the dose to a caregiver who is present 100% of the
time under the conditions of which the radiation dose rate
was measured. In the second set of calculations, the

=
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Fig. 1. Radiation dose rate correlates with '*°I activity with the patient in the supine and standing positions. Measurements were made at the anterior skin

surface, and at 30 and 100 cm from the skin.

occupancy factor was assumed to be 0.33, representing the
dose to a caregiver who is present 1 of the 3 of any day at
the given distances. This second set of calculations was in-
tended to represent the typical sleeping arrangement of a
caregiver near the patient for 8 of 24 h or as a conservative
estimate for other members of the public in proximity to the
patient with an implant.

Results

The mean measured radiation dose rate at the anterior
skin surface after '*°I implantation was 85.4 uSv/h (range,
25.2—242.5) with the patient in the supine position. The
measured radiation dose rates at 30 and 100 cm from the
skin surface decreased to mean values of 12.0 uSv/h
(range, 2.9~29.1) and 1.6 uSv/h (range, 0.6—4.2), respec-
tively. When the patient’s body posture was changed to
the standing position, the mean measured radiation dose
rates at the anterior skin surface and at 30 and 100 cm from
the skin were lower than those measured in the supine
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position, resulting in mean values of 44.3 uSv/h (range,
13.8—146.5), 7.2 uSv/h (range, 2.3—19.4), and 1.1 uSv/h
(range, 0.4—2.7), respectively.

The correlations between total activity of the implant
and the measured radiation dose rates for both patient
body postures were calculated. Figure 1 shows variation
in the radiation dose rates values measured in treated
patients. The wide range of measured values is probably
because of the variability in the total activities of the
implants (from 12.6 to 46.3 mCi) and to the different
depths of the prostate. :

Figure 2 shows that measured radiation dose rates rise as
the patient’s physical characteristics normalize with activ-
ity. Physical characteristics include weight (kg), body mass
index (kg/mz), and the thickness of the tissues between ra-
diation sources and the skin (millimeter). Therefore, the
horizontal axes for each of these parameters are expressed
in units of mCi/kg, mCi-m?*kg, and mCi/mL, respectively.
Measurements of the distance between the radiation sour-
ces nearer to the anterior body surface and the anterior skin
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BMI = body mass index.

surface were taken from the computed tomography scans,
which were carried out for each patient within 1 day after
implantation. With higher weights, body mass index, and/
or tissue thickness, lower measured radiation dose rate
measurements are expected.

The mean measured radiation dose rate 30 cm from the
patient’s lateral skin while in the supine position was
0.5 uSv/h (range, 0.1—1.2). This result was similar to that
obtained with a measurement point at 30 cm from the
anterior skin surface while the patient was in the supine
position wearing personal lead-lined underwear, resulting
in a mean value of 0.5 uSv/h (range, 0.1—1.5), resulting
in attenuation of approximately 95.8% of the exposure
dose rate, as compared with radiation dose rates obtained
30 cm from the anterior skin with patient in the supine
position. Specific radiation dose rate attenuations are
shown in Fig. 3.

Table 2 summarizes the mean theoretical durations in
days to reach the 1 and 5 mSv limits established by the
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ICRP and NRC (7. 8. 11). Assuming that the fraction of
time a person could be in the vicinity of the implanted
patient to be 1.00, the time required for a family member
to reach the 5-mSv limit, in the standing position, was
6.4 days (range, 1.4—16.6) at the site of contact and 53.0
days (range, 11.5—193.2) at 30 cm from the anterior skin
surface. The mean durations required to reach the 1-mSv
general population limit were 1.2 days (range, 0.3—3.1),
7.6 days (range, 2.2—20.1), and 65.4 days (range,
16.9—154.6) at the site of contact, and at 30 and 100 cm
from the anterior skin surface, respectively. Obviously,
these times decrease toward the mean values of 0.6 days
(range, 0.2—1.7), 4.6 days (range, 1.4—15.7), and 40.4 days
(range, 10.6—154.6) when the patient is in the supine posi-
tion. The values presented above significantly overestimate
the doses received both by family members and the general
population because the occupancy factor was assumed to be
1.00. The results of the mean theoretical time using an oc-
cupancy factor of 0.33, and percentage values (%) reaching
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Fig. 3. Radiation dose rate correlates with 1251 activity measured from the anterior direction, the anterior direction with shielding and the lateral direction.
Measurements were made at the anterior skin surface and at 30 cm from the skin.

the dose limit in their lifetime by performing the calcula-
tions using each occupancy factor within the patient group
undergoing measurement (i.e., values of 100.0% represent
measurements from all 63 patients who could possibly
reach the dose limit at the distance at which the radiation
dose rates were measured) are also shown in Table 2.

Discussion

The study is based on the direct radiation dose rate mea-
surements taken the day after 1251 permanent interstitial

Table 2
Mean times required to reach 1 and 5 mSv

brachytherapy. Such a data set facilitates meaningful evalu-
ation of the variability in patient radiation dose rates (Figs.
1-3) and providing a foundation for making general as-
sumptions using mean values, representing typical patients.
Although differing in methodology and numbers of data
points, these results are in agreement with those of other
studies, supporting the findings of our research (8. 1. 13}
Smathers et al. (15} measured radiation dose rates from 38
1237 or '*Pd prostate brachytherapy patients and suggested
that these patients need not be concerned about being a radi-
ation risk to the general public after their procedures.

Time to reach the dose limit in days (ratio)

Posture Direction Shielding Occupancy factor Distance (cm) I mSv 5 mSv
Supine Anterior - 0.33 Skin surface 1.9 (100.0) 10.1 (100.0)
30 15.1 (100.0) 93.2 (79.4)
100 127.3 (49.2) N/A (0.0)
1.00 Skin surface 0.6 (100.0) 3.2 (100.0)
30 4.6 (100.0) 28.4 (100.0)
100 40.4 (100.0) 149.8 (11.1)
+ 0.33 Skin surface 96.9 (31.8) N/A (0.0)
30 N/A (0.0) N/A (0.0)
1.00 Skin surface 28.6 (98.4) 148.5 (28.6)
30 98.8 (30.2) N/A (0.0)
Lateral - 0.33 Skin surface 128.3 (55.6) N/A (0.0)
30 N/A (0.0) N/A (0.0)
1.00 Skin surface 38.0 (96.8) 168.4 (14.3)
30 107.7 (42.9) N/A (0.0)
Standing Anterior — 0.33 Skin surface 3.8 (100.0) 21.5 (100.0)
30 26.2 (100.0) 135.9 (41.3)
100 144.7 (17.5) N/A (0.0)
1.00 Skin surface 1.2 (100.0) 6.4 (100.0)
30 7.6 (100.0) 53.0 (98.4)
100 65.4 (93.7) 214.9 (4.8)
Lateral - 0.33 Skin surface 113.7 (71.4) N/A (0.0)
30 169.8 (3.2) N/A (0.0)
1.00 Skin surface 30.9 (100.0) 144.6 (20.6)
30 93.3 (60.3) N/A (0.0)

N/A = not available.

Ratio (%) describes the percentage reaching the dose limit in their lifetime. The number (N/A) of days has not been calculated because committed doses

have not reached the dose limit.
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Fig. 4. Two plain radiographs of the pelvis with a seed-implanted in prostate in the standing (left) and supine (right) position body postures.

Michalski ef al. {14} measured patient exposures and those
to members of their families for 44 patients receiving a per-
manent prostate brachytherapy implant using optically stim-
ulated dosimeters to measure the doses. They concluded that
the exposures of family members from patients were well
below the ICRP and NRC limits (6—8}.

There is marked variability in measured radiation dose
rates among patients (Fig. !). The wide range of reported
dose measurements is in large part because of the vari-
ability in the total activities of the implants and variability
in the depth of the prostate. It was shown previously that
activity-normalized anterior surface effective dose rates
(uSv/h/GBq) generally decrease as patient weight in-
creases, likely because the prostate is located at greater
depth in large patients (9, 10, 15). In addition, Cattani
et al. have clearly shown the activity-normalized anterior
surface radiation dose rates to be inversely correlated with
distance between the implanted seeds and the skin surface
{13). Our results indicate that the radiation dose rate

Table 3

Characteristic data of Japanese patients in our study and other published data

generally increases as the patient’s physical characteristics
are normalized by activity, results similar to those obtained
by other researchers (9, 10, 13, 15). In addition, good clear
correlations between the measured radiation dose rate and
these parameters were demonstrated (¥ig. 2).

Associated with these findings, radiation exposure varies
with the patient’s body posture, even when measured under
the same conditions (Fig. 1). This is the first report
describing differences in body posture, showing important
results, for instance, a difference in the rate of decrease
of approximately 40.0% in measured radiation dose rates
between two situations at 30 cm from the anterior skin sur-
face. We consider two factors to account for this dose
reduction in the standing position. First, the location of
the prostate differs between the supine and standing posi-
tions. With a seed implant in the prostate, there is a ten-
dency to move down to the same level as the pubic bone,
causing significant crossover between the two. Figure 4
shows two plain radiographs of the pelvis containing a seed

Occupancy This study Dauer et al. (18} Cattani er al. (13}
Characteristics factor Distance Anterior and supine  Anterior and standing  Anterior Posterior
Total implanted activity (GBq) 1.08 (0.47—1.71) 1.50 (0.48—2.67)  1.14 (0.60—1.76)
Number of implants seeds 82 (46—115) 82 (42—124)
Weight (kg) 66.0 (48.0—82.9) 86.4 (65.9—115)
Prostate volume (mL) 33.4 (11.3—58.7) 33 (10—58)
Mean dose rate (uSv) Skin surface  85.4 (25.2—242.5) 44.3 (13.8—146.5) 37.3 (0.9—221) 41.3 (6.2—99.4)
30 cm 12.0 (2.9-29.1) 7.2 (23-194) 6.0 (0.9-33)
Time to reach 1 mSv (d) 0.33 Skin surface 1.9 3.8 35 14
30 cm 15.1 26.2 24.1
1.00 Skin surface 0.6 12 1.1
30 cm 4.6 7.6 7.3
Time to reach 5 mSv (d) 0.33 Skin surface  10.1 21.5 18.8
30 cm 93.2% 135.9% N/A
1.00 Skin surface 32 6.4 5.8
30 cm 28.4 53.0° 444

N/A = not available.
# Some of the patients have not reached the dose limit.
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implanted in prostate, and illustrates how the prostate shifts
behind the pubic bone with postural change. This observa-
tion is enough to corroborate our assumption that the pubic
bone serves as a shield against radiation exposure. Second,
we consider that the thickness of the tissues between radi-
ation sources and the skin differs between the two posi-
tions. Fat in the abdomen seems to spread and thereby
flatten in the supine position, as a consequence of reducing
the thickness of tissues between sources and the skin. In the
standing position, fat hangs loosely and is weighted down
because of gravity, and there is an increase in tissue thick-
ness. Thus, with more overlying tissue providing shielding,
lower radiation dose rates can be expected, and are gener-
ally observed.

In practical terms, our data and those from other re-
searchers (9, 10, 13, 15) suggest that patients need not be
concerned about being a radiation risk to the general public
after '>°I brachytherapy. However, it is prudent to practice
the ALARA principle in radiological protection. Further-
more, it is true that there are national differences in the de-
gree of fear associated with radiation exposure. For
example, patients and their families, as well as the general
public in Japan, have stronger feelings because of their na-
tional circumstances, leading to the introduction of strict
regulations (12, 19, 20). For individuals who are still con-
cerned about the possibility of radiation exposure, a lead
apron, fabricated from lead-lined sheeting or purchased
from a radiology supply company, is feasible and would
shield the individual from virtually all radiation. The results
of our present study clarify the degree of radiation exposure
risk by calculating the mean time required to reach 1 and
5mSv assuming occupancy factors 1.00 and 0.33
(Table 2). Moreover, our data were obtained from various
radiation dose rate measurements (different patient body
postures, distances from the skin surface, and measurement
directions, and whether or not shielding was applied), tak-
ing the patient’s lifestyle habits into consideration. Table 3
shows characteristic data of Japanese patients in our study
and other published data. Although total implanted activity
and patient weight differs among studies, calculated mean
times required to reach 1 mSv measured in standing posi-
tion were similar to results reported by Dauer et al. {9,
10, which represents North American data. It is difficult
to compare the data from Cattani et al. {13), which repre-
sents Italian data because no direct comparable values are
reported. However, physical characteristics were similar
to those seen in our study. These data suggest that precau-
tions for radiation safety in Asian patients could be less
restrictive, considering that other countries declare radia-
tion exposure from patients who receive '*°I implants is
very low. This detailed information is quite helpful for eval-
uating the magnitude of radiation exposure to the general
public and provides a basis for the validation of current ra-
diation safety recommendations. It also provides clinicians
with more concrete information regarding allowable expo-
sure times for caregivers and members of the public.
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The use of brachytherapy to treat selected localized
prostate cancers continues to increase rapidly worldwide,
especially because of the low degree of toxicity; improved
quality of life; and a general, long-term, positive prognosis.
Also because brachytherapy is likely to expand in Asian
countries because this treatment is more convenient and
cost-effective than external beam radiation therapy, it is
necessary to prove the safety of radiation exposure from
the viewpoint of environmental protection. The ongoing
growth in the application of low-dose-rate seed brachyther-
apy worldwide underscores the need for consistent and
sound radiologic protection practices and precautions,
meeting the ALARA recommendations. Because the target
patients’ builds in our study were somewhat smaller than
those in previous studies (9, 10, 13, 143, our results may fill
a previous information gap.

A limitation of this retrospective study is that only
was examined. We have no data for '®*Pd because this form
of seed implantation is now not allowed in Japan. However,
it is well known that radiation exposures from '®*pd
patients are lower than that from '*I patients and are there-
fore not a cause for concern (9, 10). Allowable exposure
times for '®*Pd are generally much longer than those for
1257 owing to the lower energies and typically lower initial
dose rates from '®*Pd. Therefore, we consider our study
data to be broadly applicable to implantation brachytherapy
in general.

1251

Conclusions

This study provided appropriate assessment, expanding
measurement data by taking into consideration lifestyle
habits, and can be used to reassure patients, family mem-
bers, and caregivers about radiation exposure based on
the safety of radiation after prostate '*’I brachytherapy. It
is important to make patients worldwide feel comfortable
and allow them to maintain a good quality of life. The pre-
sent study is an essential aspect of obtaining continuous
supplemental data and improving protection from radiation
by providing useful information and suggesting areas for
additional regional, national, and international research.
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