Original article

Strahlenther Onkol 2014 - 190:1015-1020
DOI 10.1007/500066-014-0675-4
Received: 12 August 2013

Accepted: 10 April 2014

Published online: 17 May 2014

© Springer-Verlag Berlin Heidelberg 2014

External beam radiotherapy (EBRT), in-
terstitial brachytherapy (ISBT) and the
combination of both are effective radio-
therapeutic treatment modalities for clin-
ically localized prostate cancer. ISBT is
particularly useful for delivering high-
dose radiation to the prostate gland with-
out increasing doses to the surrounding
normal tissues. ISBT can be administered
in the following two ways: low-dose-rate
(LDR) permanent seed implantation and
high-dose-rate (HDR) temporal implan-
tation. HDR-ISBT has some merits, such
as a stepping source and dose optimiza-
tion to improve target coverage after im-
plantation. Furthermore, HDR-ISBT has
a radiobiological advantage because the
a/B value is lower in the malignant tis-
sue than in the late-responding normal
tissue, thereby resulting in superiority of
the hypofractionation schedule. In con-
trast, HDR-ISBT has the disadvantage
of prolonged discomfort due to applica-
tor implantation, which decreases the pa-
tient’s quality of life. Therefore, HDR-IS-
BT is commonly used as a boost thera-
py after EBRT [4, 10, 15, 22]. Although
several recent studies have indicated that
HDR-ISBT monotherapy achieved good
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biochemical control—even in high-risk
patients [7, 27, 32]—this finding remains
controversial [11]. We introduced HDR-
ISBT as monotherapy more than a decade
ago [23-25, 28-30]. In this study, we pres-
ent our results of treatment with HDR-
ISBT and androgen deprivation therapy
(ADT) in a retrospective analysis, with a
special focus on high-risk patients.

Patients and methods
Patient characteristics

Between July 2003 and June 2008, a total
of 113 patients received HDR-ISBT at the
National Hospital Organization Osaka
National Hospital. The 3 patients who
were lost to follow-up before 12 months
after HDR-ISBT were excluded from
this study. The median age of the 110 in-
cluded patients was 73 years (range 52—
86 years) and median follow-up duration
was 71 months (range 12-109 months).
Pretreatment staging included digi-
tal rectal examination, computed tomog-
raphy (CT), magnetic resonance imag-
ing (MRI) and bone scintigraphy. Us-
ing the National Comprehensive Cancer

Network (NCCN) risk group classifica-
tion, 17, 45 and 48 patients were classified
as low-risk, intermediate-risk and high-
risk, respectively. In this study, 48 high-
risk patients, including 9 very high-risk
patients, were investigated (@ Table 1).

Of the 48 high-risk patients, 6 were
classified as having stage T1 disease, 23 as
T2, 18 as T3 and 1 patient as T4 accord-
ing to the 2002 NCCN classification cri-
teria. Histological examination of all pa-
tients confirmed adenocarcinoma. Glea-
son scores (GS) were <7 in 7 patients, 7
in 19 patients, >7 in 20 patients and un-
known in 2 patients. The median per-
centage of positive biopsies was 50 %
(range 10-100 %). Perineural invasion
was observed in 3 patients. The median
pretreatment prostate-specific antigen
(PSA) level was 25.1 ng/mL (range 3.8—
98.6 ng/mL).

ADT was administered to all 48 pa-
tients as a neoadjuvant treatment for
a median duration of 8 months (range
3-22 months). Maximal androgen block-
ade was performed in 37 patients. In ad-
dition, 12 patients received adjuvant
ADT for a median period of 24 months
(range 10-36 months). Patients who were
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Table 1 Patient characteristics

Characteristic Value
Median age (years; range) 72 (52-81)
Median follow-up period 73 (12-109)
(months; range)

Gleason score

<6(n) 7

7 (n) 19

>8(n) 20
Unknown 2

Tstage

T1-2a(n) 6
T2b-c(n) 23
T3-4(n) 19
Prostate-specific antigen (PSA)

Median initial PSA 25.1(3.8-98.6)
(ng/mL, range)

<10ng/mL (n) 6

10-20 ng/mL (n) 10
>20ng/mL (n) 32
Dose/fraction (Gy/fractions)

38 Gy/4 fractions (n) 1

49 Gy/7 fractions (n) 34

54 Gy/9 fractions (n) 13
Androgen deprivation therapy

Median duration 8(3-45)
(months, range)

Neoadjuvant alone (n) 36
Neoadjuvant and adju- 12

vant (n)

T3 (7 patients) or GS > 8 (6 patients) or
iPSA > 20 (6 patients) are included. To-
tal treatment duration for the 48 pa-
tients was a median of 8 months (range
3-45 months). Seventeen patients re-
ceived ADT for >12 months.

Applicator implantation

The applicator implantation procedure
has been previously described elsewhere
[23, 24]. In brief, implantation was per-
formed under lumbar anesthesia. And,
epidural anesthesia was continued until
applicator extraction. We adopted metal
needle applicators for the first 5 patients
and flexible needle applicators (ProGu-
ide Sharp Needle®, Nucletron an Elek-
ta Company, Veenendaal, Netherlands)
for the remaining 43 patients. We im-
planted 9-15 (median 13) applicators. In
the first 15 patients, this was performed
via an nonambulatory implant technique
using a nonremovable template (Taisei
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Medical, Osaka, Japan) for guidance. In
the remaining 33 patients, the applicators
were implanted using a removable tem-
plate (Taisei Medical), or by hand, with an
ambulatory implant technique [23]. A 6F
flexible applicator was used in the ambu-
latory implant technique. A colored bead
was fixed to the applicator using an ad-
hesive; the length between the needle tip
and the bead is color-coded (for example,
purple bead: 12 cm; green bead: 13 cm; or-
ange bead: 14 cm). After bead fixation, we
applied a color button with thread to the
side of the bead with a tip. Subsequently,
we tightly sutured the button to the pa-
tient’s perineal skin using thread. Guid-
ed by transrectal ultrasonography (SSD-
1000® and Prosound a7®, Hitachi Aloka
Medical, Ltd., Tokyo, Japan), we implant-
ed the treatment applicator in and around
the prostate gland and proximal seminal
vesicles (SVs). To prevent dorsal SV dis-
placement near the rectum, we implant-
ed a dummy needle at the template hole
that was one template hole dorsal to the
hole we initially judged as adequate. This
dummy needle ventrally displaced the SV.
After the dummy needle was implanted,
we implanted the true applicator into the
template hole immediately ventral to the
one initially judged to be adequate. If the
applicator position was considered to give
good SV coverage, the dummy needle was
extracted [24]. The top 2-3 cm of the ap-
plicators were placed within the urinary
bladder to allow the planning target vol-
ume (PTV) to include a 10-mm margin
added to the clinical target volume (CTV)
in the cranial direction. This margin was
established for the prevention of caudal
displacement of the applicators [25]. This
technique is similar to those described in
other Japanese reports [9, 27].

Treatment planning

After applicator implantation, we per-
formed the treatment planning. CT scans
were obtained for all patients and MRI
was performed for the 43 patients treat-
ed with flexible needle applicators and
nonmetallic stoppers. CT-based plan-
ning with or without MRI-assistance us-
ing the PLATO® and Oncentra® Brachy
treatment planning systems (Nucletron)

was performed with manual modifica-
tion [26].

The planned prescribed dose was
54 Gy in 9 fractions over 5 days for the
first 13 patients and 49 Gy in 7 fractions
over 4 days for the remaining 34 patients.
Only 1 patient who was >80 years old was
administered 38 Gy in 4 fractions over
3 days. CT'V was calculated for the pros-
tate gland and the medial side of the SVs.
A 10-mm cranial margin was added to the
CTV to generate the PTV. The median
dose nonuniformity ratio was 0.32 (range
0.23-0.40).

The treatment machine used was the
microSelectron-HDR® (Nucletron). One
hour before each irradiation fraction, a
urinary balloon catheter was clamped in
place to keep the urine within the urinary
bladder so that the cranial side of the blad-
der wall and the rectosigmoid colon were
kept away from the irradiation field [9,
27]. Beginning in May 2007, corrective ac-
tion for applicator displacement was ini-
tiated in 10 patients after performing dai-
ly CT [20].

Statistical analysis

Statistical analyses were performed using
the StatView v. 5.0 (SAS Institute, Cary,
NC, USA) software program. We ana-
lyzed biochemical control and surviv-
al rates using the Kaplan-Meier meth-
od. A probability (p) value of <0.05 was
considered statistically significant for the
log-rank test and dose-volume histogram
(DVH) analysis using the Mann-Whit-
ney method.

Results

All 48 patients received the planned treat-
ment dose. The 5-year overall survival rate
was 98 %. The 5-year biochemical control
rate was 87 % (B Fig. 1). A total of 4 pa-
tients died: 1 patient succumbed to bone
metastasis of prostate cancer and 3 died
from intercurrent diseases. Of the 7 pa-
tients exhibiting biochemical failure, this
was observed within 60 months in 6 cases
(86 %). One instance of biochemical fail-
ure was judged as a case of transient PSA
bounce and the patient’s prostate-specif-
ic antigen (PSA) level decreased without
treatment. No clinically apparent inci-
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Abstract

Background and purpose. To evaluate the
effectiveness of high-dose-rate interstitial
brachytherapy (HDR-ISBT) as the only form
of radiotherapy for high-risk prostate can-
cer patients.

Patients and methods. Between July 2003
and June 2008, we retrospectively evaluat-

ed the outcomes of 48 high-risk patients who
had undergone HDR-ISBT at the National Hos-
pital Organization Osaka National Hospital.
Risk group classification was according to the
criteria described in the National Comprehen-
sive Cancer Network (NCCN) guidelines. Me-
dian follow-up was 73 months (range 12—
109 months). Neoadjuvant androgen depri-
vation therapy (ADT) was administered to all
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48 patients; 12 patients also received adjuvant
ADT. Maximal androgen blockade was per-
formed in 37 patients. Median total treatment
duration was 8 months (range 3-45 months).
The planned prescribed dose was 54 Gy in

9 fractions over 5 days for the first 13 pa-
tients and 49 Gy in 7 fractions over 4 days for
34 patients. Only one patient who was over
80 years old received 38 Gy in 4 fractions over
3 days. The clinical target volume (CTV) was
calculated for the prostate gland and the me-
dial side of the seminal vesicles. A 10-mm cra-
nial margin was added to the CTV to create
the planning target volume (PTV).

Results. The 5-year overall survival and bio-
chemical control rates were 98 and 87 %, re-
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spectively. Grade 3 late genitourinary and
gastrointestinal complications occurred in

2 patients (4 %) and 1 patient (2 %), respec-
tively; grade 2 late genitourinary and gastro-
intestinal complications occurred in 5 pa-
tients (10%) and 1 patient (2 %), respectively.
Conclusion. Even for high-risk patients,
HDR-ISBT as the only form of radiotherapy
combined with ADT achieved promising bio-
chemical control results, with acceptable late
genitourinary and gastrointestinal complica-
tion rates.

Keywords
Survival - Radiotherapy - Quality of life -
Toxicity - Monotherapy

Zusammenfassung

Hintergrund und Zweck. Beurteilung der
Wirksamkeit von interstitieller Brachytherapie
mit Hochdosisraten (,high-dose-rate inter-
stitial brachytherapy’, HDR-ISBT) als einzige
Form der Radiotherapie fiir Hochrisiko-Pros-
tatakarzinompatienten.

Patienten und Methodik. Zwischen Juli 2003
und Juni 2008 werteten wir retrospektiv die
Ergebnisse von 48 Patienten mit hohem Ri-
siko aus, die im National Hospital Organizati-
on Osaka National Hospital mittels HDR-ISBT
behandelt worden waren. Die Klassifikation
der Risikogruppen wurde gemaR der Richtli-
nien des,National Comprehensive Cancer Net-
work” (NCCN) durchgefiihrt. Die mittlere Nach-
beobachtungszeit betrug 73 Monate (Bereich
12-109 Monate). Eine neoadjuvante Andro-
gendeprivationstherapie (ADT) erhielten al-

le 48 Patienten, darunter 12 Patienten zusatz-
lich als adjuvante Behandlung. Einer maxima-
len Androgenblockade unterzogen sich 37 Pa-
tienten. Die Gesamtbehandlungszeit umfasste
im Mittel 8 Monate (Bereich 3—-45 Monate). Die
geplante vorgeschriebene Dosis betrug bei
den ersten 13 Patienten 54 Gy in 9 Fraktionen
liber 5 Tage bzw. bei den anderen 34 Patienten
49 Gy in 7 Fraktionen tiber 4 Tage. Nur ein ein-
ziger Patient im Alter von tiber 80 Jahren er-
hielt eine Dosis von 38 Gy in 4 Fraktionen tiber
3Tage. Das klinische Zielvolumen (CTV) wurde
fiir die Prostatadriise und die mediale Seite der
Samenblase (SV) berechnet. Ein 10 mm breiter
kranialer Rand wurde dem CTV als Planzielvo-
lumen (PTV) hinzugefiigt.

Ergebnisse. Die Gesamtiiberlebensrate und
die biochemische Kontrollrate tiber 5 Jahre

Hochdosierte interstitielle Brachytherapie in Kombination mit einer Androgendepriva-
tionstherapie beim Prostatakarzinom. Sind Hochrisiko-Patienten gute Kandidaten?

betrug 98 bzw. 87 %. Spate Grad-3-Urogeni-
tal- und -Gastrointestinalkomplikationen tra-
ten bei 2 bzw. 1 Patienten (4 bzw. 2 %) auf,
wahrend spate Grad-2-Urogenital- und -Gas-
trointestinalkomplikationen bei 5 bzw. 1 Pa-
tienten (10 bzw. 2 %) festgestellt wurden.
Schlussfolgerung. Auch bei Hochrisiko-Pa-
tienten erzielte die HDR-ISBT als alleinige
Form der Radiotherapie in Kombination mit
ADT vielversprechende biochemische Kon-
trollergebnisse mit akzeptablen spaten uro-
genitalen und gastrointestinalen Komplika-
tionsraten.

Schliisselworter
Uberleben - Radiotherapie - Lebensqualitat -
Toxizitdt - Monotherapie

dence of local recurrence was observed in
the other 6 patients with biochemical fail-
ure. Two patients showed bone metasta-
sis, but no clinical tumors were detected
in the other 4 patients who restarted ADT.
The 5-year biochemical control rates
for each tumor-defining factor were as
follows: 100, 87 and 84 % for stages T1-
2a, T2b-c and T3-4, respectively; 100,
94 and 75 % for GS <7, 7 and >7, respec-
tively (p=0.002);100, 70 and 90 % for PSA
<10, 10-20 and 20 ng/mL, respectively.

Subsequently, we investigated the re-
lationship between biochemical control
rate and ADT duration. The 5-year bio-
chemical control rates were 84 and 94 %
for <12 months and >12 months of ADT,
respectively. No significant difference was
observed between the two groups.

The incidence of late complications
was evaluated using the Common Termi-
nology Criteria for Adverse Events version
3.0 (CTCAE v3.0). No grade 4 late geni-
tourinary complications were observed.

Grade 3 late genitourinary complications
occurred in 2 patients (4 %; urinary reten-
tion and incontinence). Grade 2 late geni-
tourinary complications occurred in 5 pa-
tients (10 %). Grade 3 late gastrointesti-
nal complications (rectal bleeding healed
by hyperbaric oxygen therapy) were ob-
served in 1 patient (2 %). Grade 2 late gas-
trointestinal complications (rectal bleed-
ing) occurred in 1 patient (2 %).
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The number of reports of HDR-ISBT
monotherapy eliciting good treatment
results has increased recently [1, 3, 5-
7,9, 13, 14, 17, 19, 27, 32]. HDR-ISBT
as monotherapy has been used to treat
low- and intermediate-risk patients [1,
3, 5,6, 9, 13, 14, 17, 19]; however, sev-
eral groups have also reported its effec-
tiveness in high-risk patients [7, 27, 32]
(8 Table 2). For example, Hoskin et al. [7]
analyzed 197 patients using MRI and the
NCCN classification for staging workup;
these authors reported that the 3-year bio-
chemical control rate was 91% for high-
risk patients. In particular, Zamboglou
et al. [32] evaluated >700 patients treat-
ed with HDR-ISBT as monotherapy us-
ing dose fractionation schedules of 34.5-
38 Gy in 3-4 fractions; these authors re-
ported a 5-year biochemical control rate
of 93% for high-risk patients.

In contrast, Krauss [11] comment-
ed that there were two points of caution
in the report by Zamboglou et al. [32]:
Krauss pointed out that the staging work-
up (via MRI) and risk group definition
led to the superior outcomes observed in
the subset of high-risk patients of the lat-
ter publication. The prognostic value of
MRI-staged disease is not clearly defined.
Furthermore, they used risk classification
criteria identifying high-risk as > T2c. Ac-
cording to the NCCN criteria, T2c is con-
sidered intermediate risk. If these crite-
ria are used, several patients classified as
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intermediate-risk.

Krauss [11] suggested the over-evalu-
ation of HDR-ISBT as monotherapy for
high-risk patients by patient risk-group
migration. However, this factor seems to
have a minor influence on the significance
of the study. For example, we previous-
ly reported our results of a multi-institu-
tional retrospective analysis of conven-
tional 60-70 Gy EBRT for prostate cancer
[31], which included 436 patients treat-
ed between 1999 and 2006. In this study,
MRI was included in the staging workup
for almost all patients. In the same study,
the 5-year progression-free survival rates
were 69 and 67 % for high-risk and very-
high-risk patients, respectively, using the
NCCN classification criteria. In contrast,
the European Groupe d’Etude des Tu-
meurs Uro-Génitales (GETUG)-01 trial
performed during the same period in Eu-
rope [16] evaluated 444 patients who were
treated with an irradiation dose of 66—
70 Gy between 1998 and 2004. However,
in the GETUG-01 trial, MRI was not in-
cluded in the staging workup. In the high-
risk group (T3 and/or Gleason score>7
and/or PSA >3 x the upper normal limit),
the 5-year progression-free survival rates
were 63 and 60 % for EBRT to the pros-
tate alone and to the pelvis plus prostate,
respectively, which were similar to the re-
sults reported in this study. On the basis
of these results, we reasoned that the in-
fluence of MRI for staging workup does
not have a significant impact.

In this study, we evaluated biochem-
ical control results and showed a rate of
87 % among 48 high-risk patients, includ-
ing 9 very-high-risk patients. Because this
result was lower than that reported by
Zamboglou et al. [11], patient risk-group
migration may explain such differences.
However, we considered the difference to
be a relatively minor problem; although
it may not be negligible in all cases. From
these arguments, we believe that the treat-
ment results reported by Zamboglou et al.
remain valuable.

Pelvic nodal irradiation should be
considered in cases where HDR-ISBT as
monotherapy is an option in high-risk pa-
tients. Roach et al. [18] reported that pel-
vic nodal irradiation was effective for pa-
tients with a 15% risk of lymph node in-
volvement. However, opposing opin-
ions have also been reported [8, 21]. Al-
though EBRT is administered to the pel-
vis, it often results in unsatisfactory out-
comes if the total prostate doses are in-
sufficient (total dose 66-70 Gy). Com-
pared with the results of HDR-ISBT as
monotherapy [16], the results of conven-
tional EBRT to the pelvis plus prostate
in the GETUG-01 trial appear poor, as
the 5-year progression free survival rate
was only 60 % (B Table 2). The Radiation
Therapy Oncology Group(RTOG) 94-13
trial demonstrated similar results [12];
here, the 5-year biochemical control rate
was approximately 70 % (estimated from
figure) for conventional EBRT to the pel-
vis plus prostate with both adjuvant and
neoadjuvant ADT arms. Challapalli et al.
[2] reviewed the treatment results of a se-
ries that combined EBRT and HDR-ISBT
and reported that the 4-10 year biochem-
ical control rate was 62-97 % for high-
risk patients. These reports showed that
HDR-ISBT as monotherapy elicited bet-
ter treatment results than conventional
EBRT to the pelvis plus prostate; they also
showed that its efficacy was almost equiv-
alent to that of combined HDR-ISBT and
EBRT—even among high-risk patients.

With regard to toxicity profiles, HDR-
ISBT as monotherapy showed outcomes
equivocal to other treatments. For ex-
ample, Zamboglou et al. [32] reported
that the rate of late grade >3 genitouri-
nary complications was 2-7 % for three
types of dose fractionation schedules



Table 2 Biochemical control rate after high-dose-rate interstitial brachytherapy as monotherapy

Authors; No. Dose per Total dose  Risk MRI for staging  ADTforeach  Risk class Biochemical
reference patients  fraction (Gy)  (Gy) classification ~ workup risk class (%)  (no. patients) control rate (%)
Yoshioka 112 6 54 Modified Yes 60 Low (15) 85
etal.[27] NCCNe
- - - - - - 66 Intermediate 93
29)
- - - - - - 97 High (68) 79
At 5 years
Zamboglou 718 9.5 38 Zamboglou's Yes 16 Low (395) 95
etal.[32] criteia®
- - 9.5 38 - - 27 Intermediate 93
(177)
- - 11.5 345 - — 56 High (146) 93
At 5 years
Hoskin 197 8.5 34 Modified Yes 50 Low (8) 95
etal.[7] NCCN?
- - 9 36 - - 74 Intermediate 99
(103)
- - 10.5 315 - - 92 High (86) 91
= = 13 26 At 3 years
This study 48 9.5 38 Modified Yes 100 High (48) 87
NCCN#
- - 6 54 - - - - At 5 years
- - 7 49 - - - - -
National Comprehensive Cancer Network (NCCN) guidelines. The classification was modified and very-high-risk patients were included into the high-risk patients group
bLow risk was tumor stage T1c—T2a, with a prostate-specific antigen (PSA) level < 10 ng/mL and Gleason score < 6; intermediate risk was T2b, PSA 11-20, ng/mL or Gleason
score 7; high risk was >T2¢, PSA > 20 ng/mL or Gleason score > 7 or two intermediate-risk criteria
ADT androgen deprivation therapy

Table 3 Genitourinary and gastrointestinal late complications (grade > 3) after high-dose- Corresponding address

rate interstitial brachytherapy as monotherapy

Authors; reference  No. patients  Grading system  Grade > 3 late complication K. Yoshida M.D.
Genitourinary  Gastrointestinal Department of Radiology
(%) (%) Osaka Medical College, 2-7, Daigaku-machi
Yoshiokaetal.[27] 112 CTCAEV3.0 3 2 5698686 Takatsuki, Osaka
rad113@poh.osaka-med.acjp
Zamboglouetal.[32] 718 CTCAEV.3.0 2-7 0.4-4.2
Hoskin et al. [7] 197 RTOG 3-16 0-1
This study 48 CTCAE V3.0 4 2 Compliance with
CTCAE v.3.0 Common Terminology Criteria for Adverse Events version 3.0, RTOG, Radiation Therapy Oncology ethical QUide"neS
Group

Conflict of interest. K.Yoshida, H. Yamazaki,
T.Takenaka, T. Kotsuma, M. Yoshida, K. Masui,

(8 Table 3). The present study showed
comparable results (4 %). Furthermore,
Hoskin et al. [7] reported that the rate of
late grade >3 gastrointestinal complica-
tions was 0-1%; whereas Zamboglou et
al. reported that this was 0.4-4.2 %. Sim-
ilarly, one (2%) grade 3 gastrointestinal
complication was observed in the pres-
ent study (8 Table 3). Challapalli et al.
[2] reviewed the late complication rates
of combined EBRT and HDR-ISBT, and
showed that the median grade >3 gen-
itourinary toxicity rate was 4.5% (range
0-14.4%) and the median grade >3 gas-
trointestinal toxicity rate was 0.5% (range

0-4.1%). These reports showed that
HDR-ISBT as monotherapy showed re-
sults similar to those of combined HDR-
ISBT and EBRT.

Conclusion

Our results showed that HDR-ISBT com-
bined with ADT demonstrates promi-
sing biochemical control, even in high-
risk patients. In addition, the results sho-
wed that the late genitourinary and gas-
trointestinal complication rates were ac-
ceptable.

Y. Yoshioka, Y. Narumi, T. Oka and E. Tanaka state that
there are no conflicts of interest.
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