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Modern Brachytherapy in the Treatment of Prostate Cancer
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Abstract: There are several therapeutic modalities that can be performed in order to treat prostate cancer, such as:
external beam radiation therapy (EBRT), prostatectomy, cryotherapy or interstitial brachytherapy (BT). Brachytherapy of
prostate cancer is one of the oldest methods and means implantation of radioactive sources directly into the prostate.
Brachytherapy is a curative alternative of radical prostatectomy or external beam radiation (i.e. 3D conformal external
beam radiation therapy (CRT), Intensity Modulated Radiation Therapy (IMRT)) with comparable long-term survival and
biochemical control and most favorable toxicity. Low-dose rate brachytherapy (LDR-BT) is one of the radiation methods
that is known for several years in treatment of localized prostate cancer. The main idea of this method is to implant small
radioactive seeds as a source of radiation, directly into the prostate gland. Modern high-dose-rate brachytherapy (HDR-
BT) of prostate cancer enables the delivery of a very high single or multiple dose of radiation to the target volume (e.g.
prostate capsule) and, at the same time, preventing the organs at risk from unnecessary radiation (e.g. urethra and
rectal wall). Although initially LDR-BT was favored for low risk prostate cancers, and HDR-BT for intermediate and
advanced disease, both types of brachytherapy now have a place across all the risk groups of localized prostate cancer.
This article will review indications and patient selection, planning and technical aspects, toxicity and efficacy for both
techniques. Possible similarities and differences between both brachytherapy modalities are discussed.
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INTRODUCTION

All the observations indicate a steady increase in
prostate cancer incidence rate worldwide. In many
countries of the world this is the most frequently
diagnosed type of cancer, e.g. in the USA in 2010 a
total of 217,730 new prostate cancer cases were
recorded (28%) and 116,750 cases of lung cancer,
respectively. A similar tendency is evident in many
countries in Western Europe [1, 2]. More and more
patients are diagnosed at the early stage of the
disease, which enables effective treatment. This is
further enhanced by the increasing popularity of the
Prostate-Specific Antigen test (PSA).

The treatment of patients with prostate cancer
depends mainly on the progression of the disease. A
highly precise diagnosis of the progression of the
disease is possible by means of using imaging
techniques such as computer tomography (CT),
magnetic resonance (MRI), transrectal ultrasonography
(TRUS) in parallel with clinical assessment (digital
rectal examination - DRE) and PSA test results.
Knowing the TNM classification, PSA levels, and the
result of pathology grading of the carcinoma it is
possible to select the appropriate treatment option. It is
recommended to use the guidelines of ABS, GEC-
ESTRO/EUA, NCCN and ASTRO [3-6]. Partin tables,
Roach's mathematical equations and on-line
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calculators
useful [7].

(http://www.capcalulator.org) are also

There are many treatment options for cases of
prostate cancer limited to the organ itself, as per the
recommendations of most associations dealing with the
treatment of such cases [3-10]. There are several
modalities that can be performed in order to treat this
kind of cancer, such as: external beam radiation
therapy (EBRT), prostatectomy, cryotherapy or
interstitial brachytherapy (BT). Brachytherapy is one of
the oldest methods and means implantation of
radioactive sources directly into the prostate. Some
physicians suggest that radical treatment methods
should be offered to patients with an estimated survival
time longer than 5-10 years [5]. This is mainly
associated with the nature of the cancer which has a
fairly slow cell-division cycle and its duplication time is
between 16 and 61 days [11]. Most physicians,
however, tend to initiate treatment just because of the
lack of possibilities to forecast the progression of
cancer. It has also been observed that a younger age
of incidence is usually associated with a higher risk of
increased tumour malignancy.

Brachytherapy of prostate cancer (this concerns
both techniques — High-Dose-Rate (HDR-BT) and Low-
Dose-Rate (LDR-BT)) is used more frequently, as it is
associated with a smaller risk of potency disorders and
urination disorders [12-15]. It is moreover better
tolerated by patients burdened with different
concomitant  diseases, especially cardiological
diseases, which disqualify the patient from surgical
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treatment; this method is also used in the case of
patients who do not consent to surgery. For many men
an increasingly more important factor is the possibility
to return to daily activities, including their jobs, sooner.

The goal of this paper is to discuss the indications,
techniques, present results and possible complications.
We also present the potential advantages and
disadvantages of brachytherapy compared to other
methods.

BRACHYTHERAPY

Brachytherapy (Greek brachy — from a small
distance) is a method, which employs the energy of
photons and/or particles created by the decay of
radioactive isotopes. Brachytherapy of prostate cancer
is an interstitial brachytherapy, i.e. a source of radiation
is put directly into the gland using applicators. The
principle of brachytherapy is the rapid decrease of the
radiation dose (inversely proportional to the square of
the distance) along with the increasing distance from
the radioactive isotope. Results, expressed as disease
free survival, are significantly related to selection of
patients and vary from 85 to 90% for low-risk patients
to 70-80 % for intermediate and 60-70 % for high risk
patients. Overall survival rates are similar/comparable/
overlapping to the results from EBRT and surgery.
Compared to EBRT brachytherapy increases the
concentration of the dose within the tumour area,
enables the administration of increased fractionated
doses and higher biological equivalent doses, while
significantly reducing the time of treatment. Hospitals
that use brachytherapy may benefit from the significant
cost reduction associated with one-time anaesthesia
and application of isotopes (shorter in-patient treatment
time). Obtaining such good prostate cancer treatment
results depends on selecting the right patients for
treatment [3-6,16-18].

Depending on the method of application and the
power of the source dose in the target volume,
(prostatic gland) brachytherapy is divided into high-
dose rate brachytherapy (HDR-BT) and low-dose rate
brachytherapy (LDR-BT). LDR-BT is an implantation of
low-dose rate radioactive sources into the prostatic
gland, which stay inside until the end of the patient's
life. This is usually done using iodine-125 (lzsl),
palladium-103 (103Pd) and caesium-131 (lles)
isotopes. HDR-BT is a temporal type of brachytherapy
where the high-dose rate radioactive source (usually
iridium 192 (192”) or cobalt 60 (6°C0)) is put in the
prostate during the applicator implantation procedure.

Brachytherapy is used as the sole treatment method
mainly in the low risk group. A large number of
individual LDR-BT procedures are performed in this
group of patients worldwide. This is supported by the
good treatment results reported in various publications,
a relatively small number of side effects and a short
time of treatment [19-21]. The procedures in which
permanent implants are used is safe and does not
require the use of special rooms with radiation shields,
as is the case for HDR-BT. Moreover, due to the large
competition between radiation source manufacturers in
the USA and the number of procedures performed, the
cost of the procedure is relatively low and these
procedures are commonly available [3,9,20]. The
situation in Europe is different, as for at least 30 years
HDR-BT has been developing in parallel [4,22-26].
HDR equipment is commonly available and the
radioactive source used for treatment is the same as in
the case of other neoplasms.

Initially, HDR-BT was introduced as a high-dose
rate supplement for EBRT and proved to be an
effective and safe method of treatment [17,23,27-29].
Treatment of patients from the low and intermediate
risk groups with HDR-BT monotherapy was initiated at
the end of the previous decade [3,4,30-35].

BRACHYTHERAPY TECHNIQUES [36]

Low-Dose-Rate Brachytherapy (LDR-BT)

LDR-BT is one of the radiation methods that is
known for almost 30 years in treatment of localized
prostate cancer. The main idea of this method is to
implant small radioactive seeds as a source of
radiation, directly into the prostate gland. LDR-BT is
applied as a monotherapy and also used along with
EBRT as a boost. It is used as a sole radical treatment
modality, however not as a palliative treatment. The
application of permanent seeds implants is a curative
treatment alternative in patients with organ-confined
cancer, without extracapsular extension of the tumour
[8,9,37-41]. As monotherapy LDR-BT seems to be a
reliable choice for early stage prostate cancer,
according to low morbidity rate good results and short
hospitalization. It is curative alternative of radical
prostatectomy or EBRT (i.e. 3D CRT, IMRT) with
comparable long-term survival and biochemical control
and most favorable toxicity [12,15,20,42-44]. LDR-BT
represents the most conformal radiation therapy and
the number of patients referred for this radical
treatment, has grown rapidly in last 15 years, especially
in the United States. There are several reasons why
LDR-BT achieved such popularity. Better toxicity profile
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with higher dose applying to prostate gland are the
main points for brachytherapy in comparison with
EBRT. Comparing with radical prostatectomy
permanent seed’s implantation is a short, one-day
therapy with lower complication rate during and after
the procedure (bleeding, wurinary incontinence,
impotence). Specific selection of radioactive isotopes
and their correct localization, allows to deposit high
dose into the prostate tumour with rapid fall off the
dose outside the area of treatment and — at the same
time - allows to preserve Organs at Risk (OaRs).

High-Dose-Rate Brachytherapy (HDR-BT)

HDR-BT is a temporary type of brachytherapy
where the high-dose rate radioactive source (usually
iridium 192 (192”) or cobalt 60 (6°Co)) is put in the gland
during the applicator implantation procedure. In
Europe, since at least 30 years ago, HDR-BT has been
developed in parallel to LDR-BT [4,23-26,45], and,
during the last years, also it is been used in USA with
growing interest. HDR equipment is commonly
available and the radioactive source used for treatment
is the same as in the case of other neoplasms. The
dwell-time position of the source in the applicators may
be freely programmed during the procedure. The dwell
time may be adapted to the requirements of treatment.
In the course of treatment and real-time planning the
possibility of imprecise indication of the applicators
position in relation to the treated gland is minimal,
which ensures high precision of the treatment.

Patients Selection

The selection of a method for radiotherapy of the
prostatic gland depends mainly on the characteristics

of the disease and the treatment capabilities of the
centre. Patients are usually divided into risk groups
(Table 1).

In the low risk group the most often used method of

treatment is HDR-BT or LDR-BT alone (isotopes 125

1%3py, 131Cs) and also EBRT alone or combined with
HDR-BT. Some of the patients are operated using
different surgery techniques. Patients in this group do

not usually require additional hormone therapy.

When analysing the division of patients into risk
groups for prostate cancer it is evident that the
indications in the low risk group are clearly determined,
whereas for the groups with a worse prognosis they
differ. Patients who are appropriate candidates for HDR
monotherapy are usually people from the low or
sometimes intermediate risk group according to ABS
[3]. The National Comprehensive Cancer Network
(NCCN) [5] recommends brachytherapy alone for the
low risk group. These are patients with iPSA <10,
Gleason 2-6, T1-2a. International leading interstitial
brachytherapy centres, which treat patients with
prostate cancer in the low risk group and sometimes
patients in the intermediate risk group (T2b or
iPSA<15 ng/ml or Gleason=7) have a 95% cure rate
[30,33,51,52].

Patients suffering from prostate cancer in the
intermediate risk group are the most heterogeneous
group as far as possible methods of treatment are
concerned. Patients in this group may be treated in
accordance  with  several different  protocols:
combination therapy EBRT + HDR-BT boost, EBRT
alone, or HDR-BT alone all approaches together with
short-term hormone therapy (usually - 6 months). In the

Table 1: The Risk Groups of Prostatic Cancer Patients
Risk Group Very Low Risk Low Risk Intermediate Risk High Risk Very High Risk
Seattle/MSKCC ) iPSA <10,0 and iPSA >10 or Gleason 2 from 3 risk factors )
[46] Gleason 2-6 and T1-2b >7 or T>2¢c from Intermediate Risk
o 2 from 3 risk factors
Mt. Sinai ) iPSA <10 and Gleason | iPSA 10-20 or Gleason | from Intermediate Risk R
[47] 2-6 and T1-2a 7 or T=2b or iPSA >20 ng/ml or
Gleason 8-10 or T>2¢c
D’Amico et al. ) iPSA <10,0 and iPSA = 10-20 and/or iPSA >20 ng/ml or }
[48] Gleason 2-6 and T1-2a Gleason 7 and/or T=2b Gleason 8-10 or T>2¢c
Tla and Gleason< 6 ]
PSA<10 ng/ml Fewer | ipga <100 Gleason 2- | iPSA 10-20 or Gleason | , 2 from 3 isk factors 2 from 3 risk
NCCN than 3 biopsy cores 6 7or from Intermediate Risk factors from
[5] positive, < cancer in 10 T2bo2 or iPSA >20 ng/ml or High Risk or
each one, PSA -ea -<C Gleason 8-10 or T3a T3b-T42
density <0.15 ng/ml/g

MSKCC - Memorial Sloan-Kettering Cancer Center; NCCN — National Comprehensive Cancer Network; *in NCCN recommendation are two groups which are not

mentioned in other classification.
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USA patients in this group also undergo EBRT with
LDR-BT.

Prostate cancer in the high risk group without
distant metastases and especially with a high value of
the PSA test and a T>2c should be treated with EBRT,
possibly with irradiation of lymph nodes in the pelvis
and boosting the local dose by means of brachytherapy
together with long-term hormone therapy (contradicting
recommendations include a treatment period of 2-3
years).

Summarized patient selection criteria for HDR-BT
and LDR-BT according to ABS and GEC-ESTRO are
presented in Table 2.

CONTRAINDICATIONS FOR BRACHYTHERAPY [36]

According to GEC/ESTRO-EAU-EORTC [4] the
contraindications for HDR-BT are: life expectancy of
less than 5 years, distant metastases, history of
transurethral resection of the prostate (TURP) with
chronic, significant damage to the gland (in a period of
3 months before brachytherapy), recurrent haematuria.
Regular  anticoagulation treatment should be
interrupted at least 7 days prior to the implantation of
radiation sources. The volume of the gland should not
exceed 60 cm® (part of the gland lies closer to the
pubic symphysis, which makes it harder to position the
sources appropriately). It is possible to reduce the
volume of the gland by administering hormone therapy
for 3-6 months, which will enable a reduction of the
volume of the gland in approximately 30% of the

patients [17,54]. Transurethral resection of the prostate
(TURP) is another relative contraindication for
brachytherapy and is associated with higher rate
(~50%) of wurinary incontinence after procedure.
Nevertheless, several publications did not confirmed
these data and proved that risk of this kind of
complication is less than 10% [55]. Contraindications
for HDR-BT and LDR-BT according to ABS and GEC-
ESTRO are presented in Table 3.

DOSES
CANCER

IN BRACHYTHERAPY OF PROSTATE

According to ABS recommendations, patients with
organ—confined prostate cancer are to be treated with
monotherapy, others — with combined treatment (EBRT
in 40-50 Gy dose with BT boost of 110 Gy and 100 Gy
depending on which EBRT dose was administered
(LDR-BT) or different HDR-BT schemas. The HDR-BT
procedure is performed once or repeated several
times, depending on the fractionating schema
assumed. The ABS proposes three fractionating
schemas for HDR-BT monotherapy and four schemas
for combined treatment [3], however other schemas are
also applied (Table 4). Depending on the mode of
fractioning, the fractionated doses are administered in
one session at time intervals (e.g. every 6 hours) or are
repeated in the course of subsequent procedures.
Some centres use the 3 x 10.5-11 Gy fractioning
schema with a 1-2 week interval between fractions
[4,17,45]. Many different fractionations schema make
difficult to compare treatment results.

Table 2: Patient Selection Criteria for HDR-BT and LDR-BT According to ABS and GEC-ESTRO [3,4,40,53]

ABS
Prostate High-Dose Rate Task Group

Prostate Low-Dose Rate Task Group

GEC-ESTRO - High -Dose-Rate, Low-
Dose-Rate

Monotherapy

Clinical T1b-T2b and Gleason score < 7 and
PSA <10 ng/mL

Clinical stage T1b-T2b and Gleason score < 6
and PSA < 10 ng/mL,

Select higher risk patients,
Salvage of select radiation therapy failures.

Clinical stage T1b-T2a
iPSA< 10 ng/ml,
Gleason max. 6)

Boost

Patients with high risk features such as T3-
T4, Gleason score 7-10, and/or PSA > 10
ng/mL

Selected patients with “bulky” T1-2b tumor
(inadequate information exists to clearly
define bulky tumor based on DRE, TRUS,
percentage positive biopsies)

2 clinical stage T2c and/or Gleason score 27
and/or PSA > 10 ng/mL

Stages T1b-T3b
Any Gleason score
Any iPSA without distant metastases

Special clinical situations

Inadequate information exists to recommend
supplemental EBRT based on perineural
invasion, percent positive biopsies and/or

MRI-detected extracapsular penetration

DRE - digital rectal examination; TRUS — transrectal ultrasound; EBRT — external beam radiation therapy; MRI - magnetic resonance imaging.
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Table 3: Contraindications for HDR-BT and LDR-BT According to ABS and GEC-ESTRO [3,4,40,53]

ABS
Prostate High-Dose-Rate Task Group

ABS GEC-ESTRO - High -Dose-Rate,
Prostate Low-Dose-Rate Task Group

Low-Dose-Rate

Relative contraindications

Severe urinary obstructive symptoms

Extensive TURP defect or TURP within
6 month

Collagen vascular disease

Severe urinary rritative/obstructive symptomatology
Extensive TURP defect
Substantial median lobe hyperplasia

Prostate dimensions larger than the grid (i.e., > 60 mm in
width and > 50 mm in height)

Severe pubic arch interference
Gross seminal vesicle involvement
Prior pelvic radiotherapy
Inflammatory bowel disease
Pathologic involvement of pelvic lymph nodes

Volume > 60 cm3
TURP within 6 months

Infiltration of the external sphincter
of the bladder neck

Significant urinary obstructive
symptoms

Pubic arch interference

Rectum-prostate distance on
TRUS <5 mm

Lithotomy position or anaesthesia
not possible

Absolute contraindications

Unable to undergo anesthesia (general,
spinal, epidural, or local)

Unable to lay flat

Distant metastases
Life expectancy < 5 years

TURP - transurethral resection of the prostate.

Table 4: Doses for HDR-BT and LDR-BT According to ABS and ESTRO/EAU/EORTC [3,40,53]

ABS Prostate High-Dose Rate Task Group

Prostate Low-Dose Rate Task Group and ESTRO/EAU/EORTC Low-

ABS

4.0-6.0 Gy x 4 (with 36-50 Gy EBRT)

Dose Rate
Monotherapy
10.5Gy x 3 %p(d - median 125 Gy (110-120 Gy)
8.5-9.5Gy x 4 2% _ median 145 Gy (140-160 Gy)
6.0-7.5Gy x 6 s - 115 Gy
BT + EBRT
15 Gy x 1 (with 36-40 Gy EBRT) 1%%pg
9.5-10.5 Gy x 2 (with 40-50 Gy EBRT) Boost (with 41.4 — 50.4 Gy EBRT)
5.5-7.5 Gy x 3 (with 40-50 Gy EBRT) 90-100 Gy

125
|

Boost (with 41.4 — 50.4 Gy EBRT)
108-110 Gy

BT — brachytherapy; EBRT — external beam radiation therapy.

DOSIMETRY

The Vi indicator is used for assessment of the
HDR-BT treatment plan for prostate cancer - it provides
a percentage value of the treated volume covered by
the izodose of the fractionated dose. The American
Brachytherapy Society recommends that the
fractionated dose should cover >90% of the planning
target volume (PTV), i.e. Vigo > 90%. In the urinary
bladder and the rectum the volume which receives 75%
of the reference dose should be less than 1 cm?® (V75 of
the rectum and Vs of the urinary bladder < 1 cm3). The
volume of the urethra covered by 125% of the
reference dose should be smaller than 1cm® [3].
GEC/ESTRO-EUA-EORTC recommend the median

target dose (MTD) in the urethra at a level of less than
120% per fraction and below 50 Gy of the total dose on
the bulb of the penis in combination therapy with
EBRT+HDR-BT in order to reduce the risk of
impotency [4].

RESULTS

Several authors publishing their data in medical
periodicals generally confirmed good results in prostate
cancer treatment by LDR-BT alone. Implantation of
low-dose-rate seeds in most cases is used as a single
modality treatment with or without concurrent androgen
deprivation. The main reason of problems in
comparison between published series are: selection
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criteria, nonuniformity of end points, different follow-up
times and hormonal therapy used by medical centers
worldwide. Publication data with longer follow-up are
known as the most authoritative results (about 5 years)
[56]. Authors from Memorial Sloan-Kettering Cancer
Center reported the 5-year tumor control and toxicity
outcomes for patients with localized prostate treated
with 1-125 permanent implantation [57]. The amount of
2693 patients with prostate cancer were treated
between January 1998 and June 2002 with LDR-BT
alone by using real-time intraoperative treatment
planning system. The 5-year PSA relapse-free survival
rates for low and intermediate risk patients - according
to the ASTRO definition - were 96% and 89%,
respectively. The authors stated that D90 was
correlated to 8 year PSA relapse free survival (PRFS).
On multivariate analysis in patients with postimplant
dosimetry D90 was a significant predictor for PRFS.
There is an agreement that parmeter D90 needs to be
reported in seed publication. Acute urinary symptoms
had 38% of patients, but within a median time of 6

months, 63% of them have been relieved from these
symptoms. The late rectal toxicity was noticed at 1%,
late rectal bleeding (Grade 2) at 7%. Apart from good
biochemical control outcomes this publication
demonstrated that real-time planning methods can
consistently and reliably deliver the intended dose
distribution to achieve an optimal therapeutic ratio
between the target and normal tissue [57].

Five European countries (France, Finland, Italy,
Spain and the UK) have gathered their data in
interstitial LDR treatment of prostate cancer as a
monotherapy and published it in July 2006. Between
May 1998 and August 2003, the number of 1050
patients with localised disease in stage T1-T2 were
treated by brachytherapy [58]. They were divided into
three main risk groups (ASTRO definition) with percent
disposition of 63.6%, 28.3%, 6.3% respectively.
Unfortunately from whole number of patients only 364
of them were evaluable by the Kaplan-Meier method
for determining freedom from biochemical failure in 36

Table 5: Treatment Results of Monotherapy LDR-BT Published by Different Authors

Author Number of Risk group Treatment schedules Follow up Results
patients (monotherapy)
Guedea F et al. 364 LI LDR BT (results of 4 centres) 36 months BC
[58] 93,0% |
88,0% I
80,01l
Bladou F et al. 260 LI LDR BT (I- 125) 29,5 months DFS
[59] 93,8% (all group)
97,7% (1).
Radge H et al. 619 1,1 LDR BT I- 125 (1) 13 years DFS
[60] Pd-103 (I11) 76% |
80% Il
Sharkey J et al. 166 | LDR BT Pd-103 + HT 5years FFPF
[61] 86%
Merrick GS et al. 32 LILII LDR BT 26,4 months BC
[62] 100%
Kollmeier MA et al. [63] 243 LN LDR BT (I- 125, Pd-103) + HT 8 years FFPF
88,0% I
81,0% Il
65,0% IlI
Prada PJ et al. 275 1L LDR BT (I- 125, Pd-103) 5years 96% OS
[64] 97% DFS
99% BC
Merrick GS et al. 119 LI LDR BT 7 years BC
[65] 93,1% |
100,0% lI
95,2% Il
Stock RG et al. 79 I LDR BT (I- 125, Pd-103) 24 months FFPF
[66] 76%

BC - biochemical control rate; DFS — progression free survival rate; OS — overall survival; FFPF- freedom from PSA failure rate; LDR - BT — Low Dose Rate
Brachytherapy; HT — androgen deprivation therapy; Risk groups: | (TNM cT1- cT2a, Gl < 6, PSA < 10 ng/ml); Il (TNM cT2a-cT2c, Gl 7, PSA 10-20 ng/ml); lll (TNM >

¢T3, GI 8-10, PSA > 20 ng/ml).
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months time. The biochemical progression-free rate at
3 years for each: low, intermediate and high risk
groups, was noticed at 93%, 88%, 80% respectively.
Although in this publication authors reports preliminary
data, the outcomes of LDR monotherapy were
gathered from different medical centers and after
statistic evaluation, confirmed good results depending
on stratification into risk groups [58]. In Table 5
treatment results of monotherapy LDR-BT published by
different authors are presented.

Centres which use HDR-BT monotherapy have very
good results despite a separate fractionating schema
and needle application technique. Results of prostate
cancer HDR-BT monotherapy are summarised in Table
6.

For example, during 8 years of follow-up of 298
patients biochemical control was observed in 97% of
the cases, local control in 99% of the cases and
specific survival in 99% of the cases. The patients who
were treated belonged to the high risk group with a
PSA of 10-15ng/ml, Gleason 7 [30]. Mark et al.
reported biochemical control in 88% in a group of
patients from all risk groups [69]. Rogers et al.
observed 94% biochemical control after 3 years in the
intermediate risk group [32]. In 2006 Yoshioka et al.
obtained 100% biochemical control in the low risk
group, 89% in the intermediate group and 70% in the
high risk group [33]. This and other studies show that
HDR monotherapy is an effective method of treating
prostate cancer patients in the low risk group and also

in some patients from the intermediate risk group, as
well as selected cases from the high risk group with the
disease located in the prostatic gland. It is necessary to
stress, however, that some patients select this method
of treatment due to the shorter treatment time and
agree to continue hormone therapy for 2-3 years after
completing brachytherapy. At present there is no study
available which would follow-up patients for 10-15
years and allows comparison with brachytherapy,
surgical treatment and EBRT. Follow-up of the
response to treatment with HDR-BT monotherapy until
now indicates that the cure rate is similar to other
methods of treatment, which justifies the assumption
that this is an equivalent method of treatment.

In Table 7 results of treatment combination (EBRT
plus LDR-BT) published by different authors are
summarized (Table 7).

SIDE EFFECTS

Despite the modern techniques and computer
treatment planning systems applied, we are unable to
avoid post-radiation complications. A  properly
conducted treatment results in a low percentage of
third degree side effects, which amount to below 5%
[4]. Some of the patients report complaints from the
urinary system (radiation-induced reaction in the
urethra) which begin several days after the procedure
and in some cases may go on for as long as 6 to 9
months. Treatment with ionizing radiation may also
cause a reaction and oedema of the gland and lead to

Table 6: The Results of HDR Brachytherapy of Prostate Cancer Patients

. . Lack of
Number of Follow-up Survival (risk . . (DFS)
Study N ) Gylfr TD (Gy) ) biochemical o (OS) (%)
fraction (Median) group) failure (%) (%)
100% low
Yoshioka 89% 100 ( >
111 6 9 48-54 23 ° . - Syrs
etal. [33] intermediate (5 yrs follow-up follow-up
-97)
-92)
70% high
Comer et 4 8.5-9 36 100%
al. [67] 110 1-25 - - -
' 3 10.5 31.5 100%
Ghadjar et 100% low and
al. [68] 36 4 9.5 38 3 intermediate . . 100
Rogers et 94%
al. [32] 284 4 9 36 3 intermediate . 100 .
Mark et al. 88%
[69] 301 6 9.5 45 8 intermediate . . 84
D 6 7 97%
emanes | o9g 38-42 5.2 low and 99 99 95
et al. [30] 4 9.5 . {
: intermediate

TD - Total Dose; DFS - Disease Free Survival; OS - Overall Survival.
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Table 7: Results of Combined Treatment (EBRT Plus LDR-BT) Published by Different Authors

Treatment schedules
Author Num_ber of Risk group Follow up Results
patients (monotherapy)
EBRT (44 Gy) + Pd 103 (90 Gy)
112 v 84% DFS
Wallner K et al. [70] . LI 3years
(I risk group) EBRT (20 Gy) + Pd-103 (115 94%DFS
Gy)
BFFS
88% (I)
Sylvester JE et al. [71] 223 LI EBRT (45 Gy) + I-125, Pd-103 15 years 80% (Il
0
53% (I11)
EBRT (44 Gy) + Pd 103 (90 Gy)
\Y ovarall DFS
Sherertz T et al. [72] 156 1,11 3years
EBRT (20 Gy) + Pd-103 (115 86%
Gy)
Stock RG et al. FFPF
43 I HT + EBRT + Pd-103 4 years
[73] 74%
Orio P et al. ovarall DFS
179 1,1 EBRT + Pd-103 3years
[74] 79%
Peschel RE et al. EBRT (45 Gy) + | 125 (110 Gy) 72% DFS
68 LI v 5years .
[75] EBRT (45 Gy) + Pd-103 (98 Gy) 74%DFS
DFS
Merrick GS et al. 98,2% (1)
668 LI HT + EBRT + Pd-103, I-125 8 years
[76] 98,4% (I1)
88,2% (II)

FFPF- freedom from PSA failure rate; DFS — progression free survival rate; FFPF- freedom from PSA failure rate; BFFS- biochemical failure survival rate; EBRT —
external beam radiation therapy; HT — androgen deprivation therapy; Risk groups: | (TNM cT1- cT2a, Gl < 6, PSA < 10 ng/ml); Il (TNM cT2a-cT2c, Gl 7, PSA 10-20

ng/ml); 1l (TNM > cT3, Gl 8-10, PSA > 20 ng/ml).

acute urine retention and the need to maintain a
catheter in the urinary bladder after the procedure
[18,39]. Urinary incontinence is observed sporadically
and most often concerns patients who have undergone
previous TURP [18,77]. Quite severe, though rare post-
radiation complications are necrosis and narrowing of
the urethra caused by lack of proper optimization of the
dose rate in the area of the middle lobe. Some patients
may experience bleeding in the urinary tract. The
problem of rectal bleeding concerns between 2% and
10% of patients, whereby only approximately 1%
experience chronic ulcerations [18]. Few patients have
been diagnosed with urogenital fistulas [18,28,39,78]. It
seems that the potential risk of bowel complications
results from the advanced age of most of the patients,
circulatory disorders and the presence of inflammatory
diseases of the end portion of the gastrointestinal tract.
A significant complication in the case of 15-30%
patients will be potency-related problems, however it
has been proven that 80% of the patients in this group
regain full sexual functions within five years [18,39].
Pharmacological treatment is usually also helpful in this

aspect. Infertility is not a frequent consequence of
brachytherapy, however, in several reports it has been
reported that the volume of the ejaculate in the seminal
vesicles was reduced [16,18].

In the case of small intensity of the post-radiation
symptoms in the urinary tract good therapeutic effect is
ensured by alpha-blockers and NSAIDs. Cases of
possible late toxicity should be treated conservatively.
TURP should be avoided at least of 1 year after
treatment in order to reduce the risk of urinary
incontinence [4].

CONCLUSIONS

For the radiation treatment of prostate cancer high
dose should be delivered for optimal biochemical
control. Radiobiological models support the current
clinical evidence for equivalent outcomes in localized
prostate cancer with either LDR or HDR brachytherapy
using current dose regimens. At present, the available
clinical data with these two techniques suggests that
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they are equally effective, stage by stage, in providing
high tumor control rates. Several houndred thousands
of patients have been treated with LDT-BT, with
experience over 15 years and more in major centres in
the US and Europe. Results are mature and well
established, and mainly related to the risk group of the
patient. LDR-BT has been a gold standard for prostate
brachytherapy in low risk patients for many years in a
lot of countries. It is a convenient technique for a
patient. On the other hand HDR-BT is more cost
effective with reimbursement in many countries and
results for HDR monotherapy are very promising.

Concluding, brachytherapy is a highly effective
method of prostate irradiation, with  higher
concentration of the dose within the organ, which
affects the reduction in the risk of complications in
OaRs, like impotence (5-15%), and urinary
incontinence (<5%). It is also the most cost-sparing
technique of all prostate cancer treatment counting all
costs, including diagnostic, treatment and social ones,
after treatment.
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