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Abstract

High-dose-rate (HDR) brachytherapy as monotherapy is a comparatively new brachytherapy procedure for pros-
tate cancer. Although clinical results are not yet mature enough, it is a highly promising approach in terms of potential
benefits for both radiation physics and radiobiology. In this article, we describe our technique for monotherapeutic
HDR prostate brachytherapy, as well as the rationale and theoretical background, with educational intent.
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Purpose

Multiple treatment options are available for clinical-
ly localized prostate cancer, including radical prostatec-
tomy, external beam radiotherapy (EBRT), brachythe-
rapy, and a combination of EBRT and brachytherapy.
Brachytherapy in the form of a permanent low-dose-rate
(LDR) seed implant, or as high-dose-rate (HDR) afterload-
ing, can deliver a highly localized radiation dose to the
tumor. While LDR brachytherapy has been examined and
assessed the most, and become a standard treatment op-
tion, HDR brachytherapy has recently gained momentum
as an alternative. Several features of HDR brachytherapy,
including uniformly accurate, precise, and reproducible
dosimetry resulting from its advanced optimization ca-
pabilities, radiobiological and radioprotective advanta-
ges, as well as reduced costs, have made HDR attractive
for the treatment of prostate cancer. These advantages
avoid the dosimetric uncertainties of LDR related to post
implant volume changes, due to needle trauma and sub-
sequent edema during the overall treatment period of se-
veral months. High-dose-rate significantly improves the
radiation dose distribution, because it can modulate and
accurately control both the spatial source position and
dwell time during treatment [1].

Historically, HDR brachytherapy was introduced to
boost EBRT [2,3]. However, this combination typically
adds 4-5 weeks to the time needed for completion of EBRT,
in addition to hospitalization for HDR brachytherapy [4].

High-dose-rate brachytherapy as monotherapy, on the
other hand, would definitely be the most efficient method
of achieving a high degree of conformity and dose escala-
tion. Our group was the first to report on the use of HDR
brachytherapy as monotherapy [5], and subsequently re-
ported its promising preliminary and interim outcomes
[6-9]. However, to date there are only a small number
of centers worldwide that carry out HDR monotherapy.
Because HDR monotherapy does not include supplemen-
tal EBRT, it requires technical maturity in terms of both
implant technique and treatment planning. A special pa-
tient care protocol is also needed to manage the single
implant over several days of treatment. The aim of this
article is to describe our technique and rationale for pros-
tate HDR monotherapy, and to put it in perspective, with
educational intent.

Guidelines and recommendations on high-dose-
rate brachytherapy for prostate cancer

Clinical results for EBRT and HDR brachytherapy com-
bination therapy have been accumulating, and they cul-
minated in recommendations by the Groupe Européen de
Curiethérapie/ European Society for Radiotherapy and
Oncology (GEC-ESTRO) [10,11], and consensus guidelines
by the American Brachytherapy Society (ABS) [12]. The up-
dated National Comprehensive Cancer Network (NCCN)
guidelines in the USA state that HDR brachytherapy can
be used in combination with EBRT (40-50 Gy) instead of
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LDR [13]. As yet, however, no guidelines or recommen-
dations have been established on HDR monotherapy for
prostate cancer, therefore it should be undertaken in cli-
nical trial settings.

Suitable patients for high-dose-rate monotherapy

Patient selection criteria for HDR prostate monothe-
rapy are the subject of hot debate. Although our group’s
initial indication for HDR monotherapy was low- to high-
risk prostate cancer [5], subsequent researchers limited
indications to low-risk or low-to-intermediate-risk pa-
tients [14-17]. As a result, some investigators maintained
that HDR monotherapy was suitable only for low-risk
or low-to-intermediate risk patients, and a combination
of EBRT and HDR brachytherapy for intermediate- to
high-risk patients, thus emulating the scheme for LDR
brachytherapy. However, recently published reports with
a relatively large number of patients revealed excellent
biochemical control rates, even for intermediate- and
high-risk patients [18-20], including our reports [8,9].
Moreover, considering HDR monotherapy’s capability
to irradiate even extracapsular lesions, we think there is
no reason to limit its indications to low-risk patients, and
such indications now tend to be extended to high-risk
patients. Our eligibility criteria are: 1) stage T1c-T3b, or
T4 with only bladder neck invasion and NOMO as es-
tablished by clinical, biochemical, and imaging studies,
including magnetic resonance imaging, computed tomo-
graphy (CT), and bone scans; 2) suitable candidate for
epidural anesthesia; and 3) informed consent. Patients are
eligible for treatment independent of gland size, provid-
ed there is a sufficiently broad pelvic inlet and freedom
from lower urinary tract symptoms. Patients are consid-
ered ineligible when they have had previous pelvic radio-
therapy, surgery or transurethral resection of the prostate.
Characteristics of our patients (who were accrued conse-
cutively in the clinical trial setting and for whom informed
consents were obtained) are shown in Table 1, with infor-
mation on accompanying hormone therapy.

Details of technique
Applicator needle implant (Fig. 1A-C)

The implant technique has been previously described
in detail by our group [5]. Under epidural anesthesia, the
patient is placed in a dorsal lithotomy position, with the
perineal region sterilized. A balloon catheter is inserted
into the bladder, with air-mixed gel placed within the
prostatic urethra to enable visualization of the urethra
on ultrasonography (US). Under real-time transrectal-US
(TRUS) guidance, metallic applicator needles (Trocar Point
Needles and Needle Stoppers®; Nucletron, an Elekta com-
pany, Sweden) are placed through the perineal skin, using
our in-house template. The template is made of transpa-
rent acryl with 167 needle holes spaced at 5 mm intervals.
The needles are placed along the line that encompasses
the prostate at the largest cross-section on US, except for
the rectal side where the needles are placed 2-3 mm inside
the prostate contour. For T3 tumors, needles can be placed

outside the prostate capsule and/or into the seminal vesi-
cles. Inner needles are inserted at 1-cm intervals, to ade-
quately cover the base and apex of the prostate, taking care
in avoiding the urethra. The total number of needles insert-
ed is usually around 15. The tips of the needles are placed
2 cm within the bladder pouch for the reason described
in the following section. We recommend placing three or
four metallic fiducial markers inside the prostate gland, as
far apart as possible, with at least one at the base and ano-
ther at the apex. They are useful for recognizing the rela-
tive shift between the prostate and the needles, as well as
deformation of the prostate itself due to edema.

Treatment planning (Fig. 2A, B)

After the implantation of the needles, CT data are ac-
quired with the patient in the supine position (not in
lithotomy). The CT slice thickness is 1.25 mm in helical
mode. One hour before CT data acquisition and each irra-
diation fraction, the urinary balloon catheter is clamped
in place to keep the urine within the bladder pouch, so
that the cranial side of the bladder wall and the bowel are
kept away from the irradiation volume.

Computed tomography-based treatment planning is
performed with the aid of Oncentra® Brachy (Nucletron,
an Elekta company, Sweden). The clinical target volume
(CTV) includes the whole prostate gland with a 5-mm
margin, except for the posterior (rectal) margin, which var-
ies from 2 to 5 mm depending on the distance to the rectal
wall. If extracapsular and/or seminal vesicle invasion are
observed or strongly suspected, that area is included in the
CTV and applicators are placed there. The planning tar-
get volume (PTV) is equal to the CTV, except in the cranial
direction where it is increased by 1 cm, and includes the
bladder base. The top 2 cm of the applicators are placed
within the bladder pouch, so that the PTV includes a 1 cm
margin in the cranial direction around the CTV. This mar-
gin is 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.

The dose distribution is created by geometric optimiza-
tion (volume method) and manual modification. The fol-
lowing dose constraints are applied: the dose to the whole
urethra should be 100-150% of the prescription dose,
preferably < 125%, and the dose to the whole rectal mu-
cosa should be <100% of the prescription dose, preferably
< 80%. The PTV coverage requirements are Dgy > 100%
(mandatory) and Vo > 97% (preferable). The dose-vol-
ume constraint for the rectum is Ds.. < 55%, which is
drawn from our previous analysis, where D5, < 27 Gy
is a significant cut-off value for late rectal toxicity [21].
The biologically effective dose (BED) of 27 Gy in 9 frac-
tions in the previous analysis corresponded to 55% of
the prescription dose in our ongoing dose-fractionation of
45.5 Gy in 7 fractions, assuming an a/p value for rectal
mucosa of 3 Gy.

Patient management

The patient remains in bed for 4 days from Monday
(implant day: Day 1) to Thursday (removal day: Day 4)
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Fig. 2. A) Three-dimensional reconstruction of the prostate and proximal seminal vesicles (pink), rectum (green), bladder

Fig. 1. A) Preparation for implant of applicator needles for
HDR prostate brachytherapy. An in-house “see-through”
template and its cover plate (center), an in-house metallic
frame to hold and connect the template with an ultraso-
nography-probe stepper (right), applicator needles with
stoppers (left), and their screws and screw drivers (upper).
B) Needle implant under real-time transrectal-ultrasono-
graphy guidance. The patient is awake, under epidural an-
esthesia, in lithotomy position. Template holes had been su-
perimposed on the ultrasonography monitor. C) Fixation of
the template with elastic tape. Before taping, the template
had been sutured to the perineal skin. Needle stoppers are
sandwiched by the template and its cover plate, preventing
needle displacement

(blue), urethra (cyan), and applicator needles and source dwell positions (red). Dwell positions were automatically selected
by designating the area up to 7-mm outside the prostate or seminal vesicles. Note that some needles and dwell positions were
entirely outside the prostate grand and/ or partly in the seminal vesicles or in the bladder pouch. B) A dose distribution plot of
transverse plane. Note that the urethral dose was < 125% of the prescription dose, and the rectal dose < 75%. Most parts of the
rectum received < 50% of the prescription dose, which would be difficult to achieve with EBRT (even with IMRT)
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Table 1. Patient characteristics at Osaka University Hospital

Years 1995-1996 1996-2005 2005-2010*
Dose-fractionation 48 Gy/8 fr/5 days 54 Gy/9 fr/5 days 45.5 Gy/7 fr/4 days
Number of patients 7 112 63
Age median (range) 67 (45-78) 68 (47-81) 69 (50-82)
T classification:

T1 0 28 15

T2 1 34 32

T3 4 46 14

T4 2 4 2
Gleason score:

<6 1 50 11

7 36 34

>8 0 26 18
Pretreatment PSA (ng/ml):

< 10.0 1 31 26

10.0-20.0 0 31 22

>20.0 6 50 15

Median (range) 36.3 (7.0-150.0) 16.6 (3.8-233.0) 11.5 (3.9-378.5)
Risk group**:

Low 0 15 =

Intermediate 29 34

High 6 68 29
Hormone therapy

Low - 9 (60%) -

Median duration (range) (mo) - 16 (5-36) -

Intermediate 0 (0%) 19 (66%) 12 35%)

Median duration (range) (mo) - 12 (3-156) 7 (1-24)

High 5 (83%) 66 (97%) 25 (86%)

Median duration (range) (mo) 54 (45-180) 43 (2-188) 24 (4-94)
Follow-up (years)

Median (range) 6.8 (3.3-17.4) 5.4 (1.3-11.4) 3.5 (1.1-6.0)

fr— fractions, PSA — prostate-specific antigen, mo — months

*Only patients until 2010 are reported, but this regimen is still ongoing. **Low (Tic-2a, GS < 6 and PSA < 10), intermediate (T2b-2c, GS — 7 or PSA 10-20),
high (T3-4, GS > 8 or PSA > 20). ***I-125 seed permanent implant is indicated from 2005

under continuous epidural anesthesia, and undergoes
irradiation twice daily with an interval of > 6 hours.
The treatment consists of 7 fractions of 6.5 Gy each (total
45.5 Gy). Anticoagulated patients are told to stop their
drugs 1-2 weeks before the implant. To suppress defeca-
tion, the patients are given low-residue meals from Day 1
to Day 4. The patients should be given purgatives starting
4 days before the implant (magnesium oxide for 3 days
and sennoside the night before) and a glycerin enema ear-
ly in the morning of Day 1. The patients should also be
encouraged to defecate before the implant. Prophylactic
antibiotics are administered intravenously on Day 1 and
Day 4, at the time of needle insertion and removal, and
orally 3 times daily on Day 2 and Day 3. Pneumatic com-
pression devices are attached to the patients’ lower legs
to prevent deep vein thrombosis from Day 1 through Day
4. To minimize bleeding (both from the perineum and in-
travesically), a coagulating agent (carbazochrome) is ad-

ministered through an intravenous drip at the time of the
implant and at the time of needle removal. Immediately
after pulling the needles out, the physician should man-
ually compress the prostate using both hands, one via
the perineum and the other via the rectum (as in a dig-
ital examination), to stop the bleeding. In addition, pull-
ing the balloon catheter, which has been replaced with
a larger 3-way catheter for bladder irrigation, with the
balloon inflated to its maximum, helps to stop bleeding
from the bladder neck. For intravesical bleeding, bladder
irrigation with cold saline is effective, and the continuous
bladder irrigation technique is used to prevent clots from
occluding the balloon catheter when intravesical bleed-
ing is protracted.

Neoadjuvant and/or adjuvant hormone therapy

The benefits of neoadjuvant and/or adjuvant hormo-
ne therapy are controversial. We assume that the therapy’s

Journal of Contemporary Brachytherapy (2014/volume 6/number 1)



95

Juaipd Jad jou Juana 4ad paiods,,
a)quanddp 10U — YN PUNISaIUI04ISDD — |9 Kipuunonuab — N9 SU0NIVI AD-Z Ul asop JU3|pAINba A w21bojoiq — 92q03 ‘asop anaffa Apa1bojoiq — 39 ‘23p4-asop-yby — YaH
A /7 ye >y s-a1elpawialul %88

HDR brachytherapy as monotherapy for prostate cancer

%00 %00 K 718 351-M0) %001 971 ov 78 1l 6€1 09¢ £9 61 (Queidwi 1) 1 £9 61 [€2] epeid
44 001 8¢l /91 66¢ Ao gy (ueldwi 1) € £ g1
61 26 811 ¥S1 /T Ao g¢ (ueldwi 1) € A9 11
61 8 301 wl 144 Ao g1 (ueldwi 1) € A9 501
%1'S %065 A €1e>SL-a1eIpaWIsIUl PUR -MO] %88 (afs 61 8/ 66 0€T1 (0]4 A9 0¢ (quejdwi ) € A9 o1 [91] nexeg
%9'S %1'9E A €1eSI-a1RIPaWILIUI PUR -MO] %001 o€ o¢ 56 611 8G1 6.1 A9 g¢ (uedwi 1) ¢ 556 [£Z] *elpeyn
%S %6 40 9 26 ca €sT 18T £D 0z @ueldwi ) 1 A9 0t
%0 %0 z0 ¥T 8 Al 6€1 097 £o 61 @ueldwi ) 1 £9 61
%L %S VN 40 qIl €8 301 6€1 15 £9 9z (ueidwi 1) 7 fo g1 [¢2] upjsoH
%0L  %OYE 8T 601 S8 801 Wl 474 £ g1 (ueldwi 1) € A9 501
%0 %00F £ € 1 YSL-UBIY %16 0s 14 98 801 LA 414 A9 9¢ (ueidwi ) v 96
%OEl %OEE A € yeIsii-a1e1pawiialul %66 Sy 0€ 8/ L6 0€T LTT A9 ¢ (queidwi 1) £ g3 [61] upsoH
97t 001 14! 191 66¢ Ao ¢pe (ueidwi ¢) ¢ A9 gT11
A'G1esH-U3lY %E6 < erdun pags
£ ¢ 16 SU-31RIPAUIAIUI %E6 1553 S6 611 851 6/¢ D 8¢ (Jue (487 DS6
%9°C %S'LT A G 1B YS1-M0) %56 A% Il S6 611 8S1 6.1 £o g¢ (queldwi 1) ¢ fo g6 [0z] nojdoquez
%00 %L A G 1eysu-a1eIpawIalul %6 LT ¥8C v/ 68 ¥l 80¢ A9 6¢ (uejdwi7) 9 £9 59 [81] 51980y
a4 68 911 6v1 (0YA4 £o /2 (queldwi 1) 7 Ao gl
%E'S %5'S¢C VN 1 0S [/ €6 (014 91¢ R 74 (ueldwi 1) 7 fo [£1] ueza)lyo
%0C  %S0F  AGIledsu-alelpawliaiul pue -Mo| %88 8 %4 6 611 861 6.1 A9 8¢ (quedwi 1) ¢ 556 [vZ] Zaunewy
%0T> %68  AGleysu-a1eIpawlialul pue -Moj %/6 zs 86¢ 78 Z01 oyl g€t £y (ueidwi7) 9 £/ [ST] sauewaQ
A € ¥ 4sU-y3ly %06
%91 %E9 A € yeyIsi-a1eipawiaiul %96 s €9 98 Y01 ! 974 AD gy (ueldwi 1) £ £9 69
A G 3 4SU-U3IY %6/
A G 1e Y S1-a1eIpaWIBIUl %E6
%I, %L A G 1e3S1I-MO] %58 A 41 L6 911 291 0/t Ao v (ueidwi 1) 6 o9
VN VN VN VN L 98 €01 44! (0}24 £o gy (queidwi ) 8 £o9 [6] BXOIYSOA
foog Aog1  Aooe ADST 3sop  (sjuejdwi jo ou)  uoldRIY
19 no =gm =¢gm =gm =g Jejol suoijoely /3s0Q
«C 9pBID 2 (dnou3 ysu) (A) dn-mojjo}  sjuaized
Aydixoy aje 10J3u03 |e3jWaYydoIg uelpaw 40 ON (ko) a3 (fo) @3g asop |edishyd ¥yaH [434] soyny

192ued ayeysoid 4oy Adesayiouow se Adesayihydelq YyaH 40 synsal |eaiuld ‘g aqel

Journal of Contemporary Brachytherapy (2014/volume 6/number 1)



96

Yasuo Yoshioka, Osamu Suzuki, Yuki Otani et ol.

additional benefit over RT alone would be smaller in the
case of HDR brachytherapy than for EBRT (for example,
classical 70-Gy EBRT), because BED of HDR brachythe-
rapy is far higher than that of EBRT. However, some in-
teraction between hormones and radiation may still oc-
cur, and the volume reduction effect may be associated
with less toxicity. In our present protocol, patients with
only one intermediate-risk feature are not given hormone
therapy. The other intermediate-risk and all high-risk
patients receive 6 to 12 months of neoadjuvant hormone
therapy, but no adjuvant. If high-risk patients prefer to
have long-term hormone therapy after being informed of
its survival benefit in the case of EBRT, then adjuvant hor-
mone therapy is allowed for up to 3 years total duration.

Patient outcomes

Table 2 lists clinical results of monotherapeutic HDR
brachytherapy for prostate from the literature [5-7,15-20,
22-27]. Only 10 institutions worldwide have reported
clinical results for prostate HDR monotherapy. The lon-
gest median follow-up was 5.4 years, which was reported
from our institution [8], while the median follow-up of
most of the studies was only 1-3 years.

The reported 5-year prostate-specific antigen (PSA)
control rate for low-risk groups ranged from 85-97%,
mostly > 90%. For intermediate-risk groups, some au-
thors reported a PSA control rate of 93-94%, and for high-
risk groups, it was reported between 79 and 93%, most-
ly > 80%. Although none of these studies have reported
a follow-up period much beyond 5 years, the overall PSA
control rates reported thus far have been excellent, which
may be attributed to the high BED of > 200 Gy discussed

Fig. 3. Treatment planning CT on the implant day (ma-
genta) and on the last irradiation day (Day 4, gray), which
were overlaid by matching positions of the metallic fiducial
marker (VISICOIL®). Note that the geometry of needle fi-
ducial template was kept constant, in contrary to the shift
of pubic symphysis or sacral bone. However, the needles
moved about 1 cm in the caudal direction, together with
the template, which might be attributable to the perineal
edema

in the following section. The reported toxicity levels were
generally acceptable (Table 2).

Advantages/disadvantages of high-dose-rate
monotherapy

Advantages and disadvantages of prostate HDR mo-
notherapy, compared to other treatment options, have
been detailed in our review article published elsewhere
[28]. Below are the summaries, including (1-4) description
of advantages with respect to radiation physics, (5) advan-
tages with respect to radiobiology, and (6) disadvantages:
1. Medical staff are never exposed to radiation and pa-

tients can stay in a regular ward since there is no need
for a shielded room. Patients only need to go to an HDR
unit room for irradiation for 30 minutes per fraction.

2. Treatment planning is based on the CT images obtained
after needle insertion, or on the TRUS images obtained
at the time of needle insertion. The dwell positions of
the stepping source are determined in terms of real
anatomy. The dwell time for each dwell position is then
calculated with an optimization algorithm.

3. Unlike for EBRT, inter-/intra-fraction organ motion is
not a problem with HDR brachytherapy. In the case
of EBRT, several factors including daily set-up errors,
retention of feces, gas, or urine, respiratory motion, or
peristaltic motion result in discrepancies between the
coordinates of the tumor and the radiation beam. With
brachytherapy, these two coordinates are always con-
cordant, because the tumor and the radioactive sourc-
es move in unison, so that PTV is normally identical to
CTV. The overall treatment time for HDR monotherapy
typically ranges from 1-4 days, significantly shorter than
for EBRT.

4. Unlike for LDR brachytherapy, HDR brachytherapy
needles can be placed at the extracapsular lesion, and
even into the seminal vesicles and/or into the bladder
pouch. The cable-connected stepping source simply
moves back and forth within the closed space without
any risk of source migration or dropping out. There-
fore, the indication for HDR monotherapy can poten-
tially even be extended to T3a/b or some T4 tumors.
The dwell time optimization makes a significant ure-
thral dose reduction possible for HDR compared to
that for LDR.

5. Recent findings that the a/p value for prostate cancer
is less than that for the surrounding late-responding
normal tissue have made hypofractionation attractive,
and HDR monotherapy can maximize this advantage
of hypofractionation [29-33]. Table 2 lists dose-fraction-
ations and associated BED and EQD,¢,, of HDR mono-
therapy from the literature. The BED for prostate can-
cer ranges from 208-299 Gy, with a median of 256 Gy.
The values for EQD,g, range from 89-128 Gy with
a median of 110 Gy, which may be impossible to ad-
minister with EBRT, even with IMRT. As for late tox-
icity, EQD2Gy ranges from 72-110 Gy, with a median
of 86 Gy, which can be considered the equivalent of
the maximum dose of 86.4 Gy administered with the
current IMRT. This means that, theoretically, hypofrac-
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tionation with a large fraction size can enhance BED
for prostate cancer without increasing BED for late-re-
sponding tissue.

6. One of the possible drawbacks of HDR brachytherapy is
the problem of applicator needle displacement during
treatment (Fig. 3), which has been pointed out by some
groups [14,34-41]. However, this problem does not
arise if there is one fraction per implant [20-23]. Anoth-
er drawback of HDR is the requirement of hospitaliza-
tion and patients having to stay in bed during the treat-
ment period. Further potential disadvantages of HDR
are tumor edema and bleeding from needle insertion,
causing changes in dosimetry from planning to treat-
ment. In addition, if large doses are given to normal
tissues (perhaps in less experienced centers), there is
an increased risk of late toxicity, given the large dose
per fraction.

Future directions

High-dose-rate prostate monotherapy is still evolving
and being developed, with ongoing research to determine
optimal methodology and dose-fractionations. At our af-
filiated hospital, a new technique enabling more accurate
implantation into seminal vesicles, and a new ambula-
tory technique for multi-fraction HDR brachytherapy
have been developed [42,43]. In view of its high degree of
freedom, there may still be some room for improvement
in the dwell time optimization algorithm [44,45]. As for
the problem of needle displacement, we are now testing
daily CT scans to adjust needle positions or source dwell
positions, by means of readjusting the relative locations
of dwell positions to the gravity of the implanted fiducial
markers. However, this method causes additional radia-
tion exposure to the patient, which should be taken in to
account as an intrinsic disadvantage.

Recent trends are moving towards a smaller number
of fractions and shorter treatment. Many institutions pre-
viously used 4 fractions or more [5,14,15,18]. However,
researchers recently reported 3 fractions with 3 implants
(1 fraction per implant) [20], 2 fractions in a single day
[17], and even single fraction HDR monotherapy [22,23].
Such an extremely hypofractionated regimen would ma-
ximize the therapeutic ratio, and at the same time avoid
the HDR brachytherapy drawbacks of hospitalization
and needle displacement during the treatment period.
Finally, the authors would like to emphasize that HDR
monotherapy has the largest potential to control prostate
cancer without compromising toxicity, from the perspec-
tive of both radiation physics and radiobiology. Further
clinical research is therefore clearly warranted.

Disclosure

Authors report no conflict of interest.

References

1. Skowronek J. Low-dose-rate or high-dose-rate brachytherapy
in treatment of prostate cancer - between options. ] Contemp
Brachytherapy 2013; 5: 33-41.

2. Galalae RM, Kovécs G, Schultze ] et al. Long-term outcome
after elective irradiation of the pelvic lymphatics and local

10.

11.

12.

13.

14.

15.

16.

17.

18.

dose escalation using high-dose-rate brachytherapy for local-
ly advanced prostate cancer. Int | Radiat Oncol Biol Phys 2002;
52: 81-90.

. Mate TP, Gottesman JE, Hatton J et al. High dose-rate after-

loading Ir-192 prostate brachytherapy: feasibility report. Int
] Radiat Oncol Biol Phys 1998; 41: 525-533.

. Hijazi H, Chevallier D, Gal ] et al. Prostate cancer boost using

high-dose rate brachytherapy: early toxicity analysis of 3 dif-
ferent fractionation schemes. | Contermp Brachytherapy 2013; 5:
203-209.

. Yoshioka Y, Nose T, Yoshida K et al. High-dose-rate inter-

stitial brachytherapy as a monotherapy for localized pros-
tate cancer: treatment description and preliminary results of
a phase I/1I clinical trial. Int | Radiat Oncol Biol Phys 2000; 48:
675-681.

. Yoshioka Y, Nose T, Yoshida K et al. High-dose-rate bra-

chytherapy as monotherapy for localized prostate cancer:
a retrospective analysis with special focus on tolerance and
chronic toxicity. Int ] Radiat Oncol Biol Phys 2003; 56: 213-220.

. Yoshioka Y, Konishi K, Oh R] et al. High-dose-rate brachy-

therapy without external beam irradiation for locally ad-
vanced prostate cancer. Radiother Oncol 2006; 80: 62-68.

. Yoshioka Y, Konishi K, Sumida I et al. Monotherapeutic

high-dose-rate brachytherapy for prostate cancer: Five-year
results of an extreme hypofractionation regimen with 54 Gy
in nine fractions. Int ] Radiat Oncol Biol Phys 2011; 80: 469-475.

. Yoshioka Y, Konishi K, Suzuki O et al. Monotherapeutic

high-dose-rate brachytherapy for prostate cancer: a dose re-
duction trial. Radiother Oncol 2014; 110: 114-119.

Kovécs G, Potter R, Loch T et al. GEC/ESTRO-EAU recom-
mendations on temporary brachytherapy using stepping
sources for localised prostate cancer. Radiother Oncol 2005;
74:137-148.

Hoskin PJ, Colombo A, Henry A et al. GEC/ESTRO recom-
mendations on high dose rate afterloading brachytherapy
for localised prostate cancer: an update. Radiother Oncol 2013;
107: 325-332.

Yamada Y, Rogers L, Demanes DJ et al; American Brachythe-
rapy Society. American Brachytherapy Society consensus gui-
delines for high-dose-rate prostate brachytherapy. Brachytherapy
2012; 11: 20-32.

National Comprehensive Cancer Network (NCCN) Clinical
Practice Guidelines in Oncology. Prostate Cancer. Version 4.
2013. http:/ /www.nccn.org/ professionals/ physician_gls/pdf/
prostate.pdf; accessed: Nov. 20, 2013.

Martinez A, Pataki I, Edmundson G et al. Phase II prospective
study of the use of conformal high-dose-rate brachytherapy
as monotherapy for the treatment of favorable stage prostate
cancer: a feasibility report. Int | Radiat Oncol Biol Phys 2001;
49: 61-69.

Demanes D], Martinez AA, Ghilezan M et al. High-dose-rate
monotherapy: safe and effective brachytherapy for patients
with localized prostate cancer. Int | Radiat Oncol Biol Phys
2011; 81: 1286-1292.

Barkati M, Williams SG, Foroudi F et al. High-dose-rate
brachytherapy as a monotherapy for favorable-risk prostate
cancer: a phase II trial. Int | Radiat Oncol Biol Phys 2012; 82:
1889-1896.

Ghilezan M, Martinez A, Gustason G et al. High-dose-rate
brachytherapy as monotherapy delivered in two fractions
within one day for favorable/intermediate-risk prostate
cancer: preliminary toxicity data. Int | Radiat Oncol Biol Phys
2012; 83: 927-932.

Rogers CL, Alder SC, Rogers RL et al. High dose brachyther-
apy as monotherapy for intermediate risk prostate cancer.
J Urol 2012; 187: 109-116.

Journal of Contemporary Brachytherapy (2014/volume 6/number 1)



98

Yasuo Yoshioka, Osamu Suzuki, Yuki Otani et ol.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hoskin P, Rojas A, Lowe G et al. High-dose-rate brachythera-
py alone for localized prostate cancer in patients at moderate
or high risk of biochemical recurrence. Int | Radiat Oncol Biol
Phys 2012; 82: 1376-1384.

Zamboglou N, Tselis N, Baltas D et al. High-dose-rate inter-
stitial brachytherapy as monotherapy for clinically localized
prostate cancer: treatment evolution and mature results. Int
] Radiat Oncol Biol Phys 2013; 85: 672-678.

Konishi K, Yoshioka Y, Isohashi F et al. Correlation between
dosimetric parameters and late rectal and urinary toxicities
in patients treated with high-dose-rate brachytherapy used
as monotherapy for prostate cancer. Int | Radiat Oncol Biol
Phys 2009; 75: 1003-1007.

Hoskin P, Rojas A, Ostler P et al. High-dose-rate brachyther-
apy alone given as two or one fraction to patients for local-
ly advanced prostate cancer: acute toxicity. Radiother Oncol
2014; 110: 268-271.

Prada PJ, Jimenez I, Gonzalez-Suarez H et al. High-dose-rate
interstitial brachytherapy as monotherapy in one fraction
and transperineal hyaluronic acid injection into the perirec-
tal fat for the treatment of favorable stage prostate cancer:
treatment description and preliminary results. Brachytherapy
2012; 11: 105-110.

Martinez AA, Demanes J, Vargas C et al. High dose rate pros-
tate brachytherapy: an excellent accelerated hypofractionat-
ed treatment for favorable prostate cancer. Am | Clin Oncol
2010; 33: 481-488.

Martin T, Baltas D, Kureck R et al. 3D conformal HDR bra-
chytherapy as monotherapy for localized prostate cancer.
A pilot study. Strahlenther Oncol 2004; 180: 225-232.

Corner C, Rajas AM, Bryant L et al. A Phase II study of high
dose rate afterloading brachytherapy as monotherapy for the
treatment of localized prostate cancer. Int | Radiat Oncol Biol
Phys 2008; 72: 441-446.

Ghadjar P, Keller T, Pentsch CA et al. Toxicity and early
treatment outcomes in low and intermediate-risk prostate
cancer managed by high-dose rate brachytherapy as mono-
therapy. Brachytherapy 2009; 8: 45-51.

Yoshioka Y, Yoshida K, Yamazaki H et al. The emerging role
of high-dose-rate (HDR) brachytherapy as monotherapy for
prostate cancer. | Radiat Res 2013; 54: 781-788.

Brenner DJ, Hall EJ. Fractionation and protraction for radio-
therapy of prostate carcinoma. Int | Radiat Oncol Biol Phys
1999; 43: 1095-1101.

Fowler ], Chappell R, Ritter M. Is alpha/beta for prostate tu-
mors really low? Int | Radiat Oncol Biol Phys 2001; 50: 1021-1031.
Brenner DJ, Martinez AA, Edmundson GK et al. Direct ev-
idence that prostate tumors show high sensitivity to frac-
tionation (low alpha/beta ratio), similar to late-responding
normal tissue. Int | Radiat Oncol Biol Phys 2002; 52: 6-13.
Wang JZ, Guerrero M, Li XA. How low is the alpha/beta ra-
tio for prostate cancer? Int | Radiat Oncol Biol Phys 2003; 55:
194-203.

Miralbell R, Roberts SA, Zubizarreta E et al. Dose-fraction-
ation sensitivity of prostate cancer deduced from radiothera-
py outcomes of 5,969 patients in seven international institu-
tional datasets: a/p = 1.4 (0.9-2.2) Gy. Int ] Radiat Oncol Biol
Phys 2012; 82: e17-24.

Damore SJ, Syed AM, Puthawala AA et al. Needle displace-
ment during HDR brachytherapy in the treatment of prostate
cancer. Int | Radiat Oncol Biol Phys 2000; 46: 1205-1211.
Hoskin PJ, Bownes PJ, Ostler P et al. High dose rate afterload-
ing brachytherapy for prostate cancer: Catheter and gland
movement between fractions. Radiother Oncol 2003; 68: 285-288.
Mullokandov E, Gejerman G. Analysis of serial CT scans
to assess template and catheter movement in prostate HDR
brachytherapy. Int ] Radiat Oncol Biol Phys 2004; 58: 1063-1071.

37.

38.

39.

40

41.

42.

43.

44.

45.

Simnor T, Li S, Lowe G et al. Justification for inter-fraction
correction of catheter movement in fractionated high dose-
rate brachytherapy treatment of prostate cancer. Radiother
Oncol 2009; 93: 253-258.

Yoshida K, Yamazaki H, Nose T et al. Needle applicator dis-
placement during high-dose-rate interstitial brachytherapy
for prostate cancer. Brachytherapy 2010; 9: 36-41.

Foster W, Cunha JA, Hsu IC et al. Dosimetric impact of in-
terfraction catheter movement in high-dose rate prostate
brachytherapy. Int | Radiat Oncol Biol Phys 2011; 80: 85-90.

. Kolkman-Deurloo IK, Roos MA, Aluwini S. HDR monother-

apy for prostate cancer: A simulation study to determine the
effect of catheter displacement on target coverage and nor-
mal tissue irradiation. Radiother Oncol 2011; 98: 192-197.
Takenaka T, Yoshida K, Ueda M et al. Assessment of daily
needle applicator displacement during high-dose-rate inter-
stitial brachytherapy for prostate cancer using daily CT exa-
minations. | Radiat Res 2012; 53: 469-474.

Yoshida K, Nose T, Shiomi H et al. New ambulatory implant
technique of high-dose-rate interstitial brachytherapy for
prostate cancer. Radiat Med 2006; 24: 595-599.

Yoshida K, Kuroda S, Yoshida M et al. New implant tech-
nique for separation of the seminal vesicle and rectal muco-
sa for high-dose-rate prostate brachytherapy. Brachytherapy
2007; 6: 180-186.

Yoshioka Y, Nishimura T, Kamata M et al. Evaluation of
anatomy-based dwell position and inverse optimization in
high-dose-rate brachytherapy of prostate cancer: a dosimetric
comparison to a conventional cylindrical dwell position, geo-
metric optimization, and dose-point optimization. Radiother
Oncol 2005; 75: 311-317.

Sumida I, Shiomi H, Yoshioka Y et al. Optimization of dose
distribution for HDR brachytherapy of the prostate using At-
traction-Repulsion Model. Int | Radiat Oncol Biol Phys 2006;
64: 643-649.

Journal of Contemporary Brachytherapy (2014/volume 6/number 1)



