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10.1 Introduction
Prostate cancer is the most frequent male malig-
nant tumour in the Western world and affects about
10% of all men. In localised prostate cancer, vari-
ous treatment options are available such as surgery,
either by open, laparoscopic or robot-guided sur-
gery, external beam irradiation, brachytherapy with
low dose Todine-125 seeds or an HDR Iridium-192
source, cryotherapy, HIFU and active surveillance.
Brachytherapy for the treatment of prostate
cancer is already mentioned in 1913 by Pasteau
and Degrais using radium in a silver tube in the
urethra (Pasteau and Degrais 1914). Other tech-
niques were executed as well, such as radium
needles inserted into the prostate through the rec-
tum, via the perineum or bladder. These tech-
niques with radium resulted in severe rectal and
bladder complications including ulceration and
fistulae. Flocks used radioactive gold (Au-198)
colloidal solution injections (Flocks et al. 1954).
Au-198 has a short half-life of 2.7 days and emits
short-range beta radiation plus gamma radiation.
Due to difficulties with the use of colloidal gold,
Au-198 gold seeds were developed for insertion
into the prostate, either alone or in combination
with EBRT. The radiation exposure hazard asso-
ciated with the high energy of Au-198, however,
made these techniques unpopular. The high mor-
bidity rate of early brachytherapy techniques and
the advent of megavoltage radiation with Cobalt
and somewhat later linear accelerators reduced
interest in brachytherapy in the 1960s.
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Hilaris and Whitmore at the Memorial Sloane
Kettering Cancer Centre in New York introduced
Todine-125 seeds in 1970 (Whitmore et al. 1972).
I-125 has a half-life of 60 days and emits low
energy photons (28 keV). Due to the low energy,
there are nearly any radiation exposure problems.
The seeds were implanted in the prostate by a
retropubic approach in combination with bilat-
eral regional lymph node dissection. They found
a S-year survival of 79% in a population of
606 patients treated from 1970 to 1980, strongly
related to T stage (T1 96%, T2 76%, T3 69% and
T4 13%). Recurrence rate was highly related to
tumour grade (Fuks et al. 1991). A small series
from the Netherlands Cancer Institute showed sim-
ilar results with 52% versus 48% local recurrences
for the Whitmore series (Roeleveld et al. 1996). We
know now that the retropubic approach is inade-
quate for a proper implant due to the poor guidance
of the needles by the index finger in the rectum.

In 1980, Charyulu already described a perineal
technique where patients received EBRT and a
boost dose with Radon-222 (Charyulu 1980). The
position of the needles was guided by a template,
and the tip of the needle was checked with radiog-
raphy of the Foley balloon. Kumar improved this
technique, using C-arm fluoroscopy to guide the
needles (Kumar and Bartone 1981).

A breakthrough was the introduction of the
transrectal ultrasound (TRUS)—guided perineal
technique by Holm et al. (1983). A perspex tem-
plate was attached to the ultrasound probe to
guide the needles into the prostate. This tech-
nique was refined by the Seattle group and is still
the most common way to perform permanent
prostate brachytherapy (Blasko et al. 1987).

Because of better staging modalities such as
TRUS and magnetic resonance imaging (MRI)
and the awareness by men of prostate cancer, the
majority of patients are nowadays diagnosed with
a low-risk prostate cancer, resulting in a high cure
rate for most patients.

10.2 Patient Selection

Guidelines for permanent prostate brachytherapy
(PPB) are published by ASTRO (Nag et al. 1999,
2000) and by ESTRO (Ash et al. 2000). According

to T stage, Gleason sum and PSA value patients
can be categorised in three risk groups (Table 10.1).
Besides tumour characteristics, also functional
characteristics are taken into account. International
prostate symptom score (IPSS), urodynamic
parameters such as bladder volume, maximum
flow rate and residue are considered to be also
important. In the low risk group patients are
included with T1c-T2b tumours, Gleason sum
< 7 and PSA < 10 ng/ml. These are excellent
patients for PPB, with cure rates of over 90% at
10 years (see results). The opposite is the high-
risk group with T3, or Gleason > 7, or PSA > 20,
or Gleason =7 and PSA 10-20 ng/ml. These
patients in general are not treated by PPB, although
it is not clear whether other modalities show bet-
ter outcome. The intermediate group consists of
T2c, or Gleason 7, or PSA 10-20 ng/ml. These
patients in general are still candidates for PPB,
with somewhat lower cure rate than low-risk
patients as will be described in the results.

Preoperative work-up includes PSA, digital
rectal examination, TRUS of the prostate, CT or
(preferably) MRI of the pelvis. Bone scan and
other imaging modalities are not recommended
for low-risk and (low tier) intermediate-risk
patients. A previous TURP is a relative contrain-
dication since a large TURP defect will result in
the loss of seeds while urinating. Furthermore,
these patients are at higher risk for urethral necro-
sis, strictures and incontinence (McElveen et al.
2004). It is advised to wait for 6-12 months after
TURP to perform PPB. Even so, TURP after PPB
should be postponed for several months to reduce
complications.

Patients with prostate volumes more than
50 cc are not good candidates for PPB. Pubic
arch interference may hinder the placing of the
needles close to the bony structures. Further, the
contour may not fit in the template and the TRUS
image quality is worse than in smaller prostates.
Also, a large number of seeds are needed, result-
ing in more complications such as acute reten-
tion. Androgen ablation therapy (ADT) may
reduce the prostate volume with approximately
30% and can be used to downsize the prostate
(Lee 2002). However, in volumes over 80 cc, the
volume reduction still will be insufficient for PPB
in most of these patients.
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Table 10.1 Risk groups according to the ESTRO/EAU/EORTC recommendations (Ash et al. 2000)

Recommended, do well

PSA (ng/ml) <10
Gleason sum <7
Stage tea
IPSS 0-8
Volume (cc) <40
Q max (ml/s) >15
TURP -

In Europe mainly iodine seeds are used for
PPB. In the USA, still a substantial number
of patients are treated with Palladium-103.
The energy is similar, but the half-life is 17 days
in place of 60 days and therefore delivers a
much higher dose rate than iodine. Although pal-
ladium is advocated for fast growing tumours
(Gleason > 7), there is no clinical confirmation of
this hypothesis.

10.3 Treatment Planning
10.3.1 Preplanning

Preplanning is performed to measure the size of
the prostate to order the number of seeds and
making a preplan for seed implantation. This is in
general done by TRUS. With the stepping unit of
the support frame (Fig. 10.1), transversal slices
are made at increments of 5 mm through the
prostate from base to apex. In general, the pros-
tate volume will be larger with this method than
with routine transaxial measurement using the
equation L x Wx Hx0.52. The prostate should be
in the middle of the template; this means that the
urethra is not always in the middle of the gland in
case of hyperplasia.

From this volume study, the contour of the
prostate is depicted on each slice (Fig. 10.2). The
images are digitised and fed into a dedicated
planning computer. The planning treatment
volume is routinely with a margin of 5 mm out-
side the depicted contour in lateral and ventral
direction. However, for the dorsal side close to
the rectum, often, a smaller margin is used to
avoid rectal damage as stated in the update of the
GEC-ESTRO guidelines (Salembier et al. 2007).

Optional, do fair

Study, do poor

10-20 >20
= >7
T2b—c T3

9-20 >20
40-50 >50
15-10 <10
- +

Fig. 10.1 Support frame with stepping unit. The stepping
unit can make steps of 5 mm through the prostate for con-
touring of the prostate gland. The grid is placed on the
stepping unit. Also the motor for rotation of the probe is
visible at the probe

Teh (Table 10.2) found in prostatectomy material
of 712 patients that the majority of extracapsular
extension is within a few millimetres from the
capsule (Teh et al. 2003). Schwartz describes
the association of extraprostatic extension with
preoperative PSA, percentage of cancer in
biopsy cores, and clinical tumour stage (Schwartz
et al. 2007).

10.3.2 Needle Loading

Per definition the dose in brachytherapy is inho-
mogeneous. To exploit this inhomogeneity further,
differential loading of the needles can avoid high
dose to the prostatic urethra and rectum. With dif-
ferential loading (that is not filling a needle with
seeds at a fixed distance from each other, but plac-
ing less seeds and extra spacers to reduce dose, or
place extra seeds without spacers to increase the
dose), one can more or less paint the dose over the
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Fig. 10.2 Slice with contour of the prostate with TRUS in transversal and sagital direction. Similar for MRI (right
side). Red line is contour obtained from TRUS, orange line is contour from MRI with also neurovascular bundle

Table 10.2 Extracapsular extension (ECE) in prostatec-
tomy specimen of 712 patients (Teh et al. 2003)

Cumulative
ECE depth (mm)  Number (%) percent
0 527 (74) 74
<2 57 (8) 82
2-5 108 (15.2) 97.2
>5 20 (2.8) 100

prostate volume. Typically, the highest dose will
be in the peripheral zone with areas of 200% and
more of the prescription dose. For the urethra dose,
100-150% of the reference dose is acceptable and

will not lead to severe urethral complications. For
the rectum dose, 100% should be the limit to avoid
rectal injury. The planning system will also give
dose volume histograms (DVH), a very helpful
tool in determining the best configuration of the
seed placement and the quality of the implant,
avoiding overdoses in critical parts.

The prescription dose for iodine seeds is 145
and 120 Gy for palladium for monotherapy. In
combination with EBRT the doses are reduced
with 25-40%. The required number of seeds
depends on the volume of the prostate and the
activity of the seeds. In general, the activity is
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0.4-0.5 mCurie and the number of seeds lower
with higher active seeds.

10.3.3 Other Planning Strategies

In place of preplanning, several other planning
strategies can be performed. One can use intra-
operative planning. In this situation, a preplan
is made before the implant procedure with the
patient already anaesthetised on the treatment
table in lithotomy position and immediately
execution of the plan. Also one can perform
interactive planning, that is, stepwise refining
the plan using computerised dose calculations
according to the actual needle positions. With
this planning technique variation in patient set-
up, swelling and gland movement can be
accounted for. Even more accurate would be
dynamic dose calculation using continuous
seed position feedback. However, this is still
not available because the seeds are difficult to
identify on TRUS. Several centres perform
inverse planning, using constrains for critical
tissues in and around the prostate (Martin et al.
2007).

10.4 Treatment Techniques
10.4.1 Patient Preparation

The procedure is performed on an outdoor basis
or with one night of hospitalisation. Patients
should have an empty rectum to optimise TRUS.
This means a diet and laxative for 1 week and a
rectal enema about 1 hour before the procedure
will start. The treatment can be done with spinal/
saddle block or general anaesthesia. Most centres
give prophylactic antibiotics, either for several
days or in one bolus before the implant. Since the
needles are placed transperinealy, in contrast to
the transrectal route for biopsies, there is hardly
any infection.

The patient is placed in lithotomy position on
the edge of the table in the same position as

during the preplanning. A Foley catheter is
introduced to visualise the urethra. Aerated gel
(lubricating gel plus air to make small bubbles)
can help to visualise the urethra. The scrotum is
displaced from the operating field and fixed with
adhesive dressing, and the perineum is washed
with antiseptic solution.

The ultrasound probe is inserted and posi-
tioned under the prostate. A new volume study is
performed and verified with the preplan (if done
earlier). A volume study can also be done with a
rotating probe in the rectum, making a 3D scan of
the prostate.

10.4.2 Implant Procedure

Although there are several techniques for pros-
tate implantation, in essence, the technique is the
same, viz. the insertion of needles in the prostate
guided by TRUS and the placing of the sources at
the right position.

Needles can be preloaded according to the
preplanning or can be afterloaded when the
configuration for each needle is established.
With the Mick applicator (see Fig. 10.3), single
seeds are placed in the prostate according to the
dose plan. One can also use strands, with seeds
connected at a distance of 5 mm and embedded
in a stiff polyglactin suture. In both situations,
the seeds are inserted manually into the prostate.

Fig. 10.3 Mick applicator. The foot of the applicator is
placed against the grid. Inserted needles are visible, as
well as the cartridge on the applicator
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Fig. 10.4 Utrecht strand holder is placed on the hub of
the needle. With the needle obturator the train of seeds
and spacers will be placed in the prostate

Fig. 10.5 FIRST system. The seedSelectron shows the
two cartridges, the glossy one for active seeds, the second
one for spacers. The two are connected with the drive
wire. Further, we see the compose element, protected with
the steel plate

In Utrecht, we developed strand holders to
facilitate the insertion of a strand into the nee-
dle and subsequently into the prostate using the
obturator of the needle (Fig. 10.4). Also, the
holder gives radiation protection while insert-
ing the seeds. With the Fully Integrated
Radiotherapy Seed Treatment (FIRST) system
(Fig. 10.5) single seed configurations are com-
posed by a computer and inserted automatically
into the prostate. With all systems differential
loading can be performed. The Bard company
created a special system to link seeds with spac-
ers according to the plan (Fig. 10.6). In litera-
ture, there are publications that single seeds
may result in a better dose distribution and even
a better clinical outcome. Moerland found a

significant larger decline of post-implant D90
(dose received by 90% of prostate volume) for
stranded seeds as opposed to loose seeds
(Moerland et al. 2009). Saibishkumar described
a greater loss of seeds with strands compared
with loose seeds (Saibishkumar et al. 2009).
However, prostate dosimetry on days 7 and 30
was similar between both types of seeds. Reed
found in the only two data-randomised com-
parison a higher post-implant D90 and V100
value for loose seeds. The results were based on
only 62 men. In some cases, loose seeds were
added to the stranded seed treatment (Reed
et al. 2007). Hinnen assessed the clinical out-
come in terms of biochemical no evidence
of disease (bNED) from PPB for loose seeds
(358 patients) and stranded seeds (538 patients)
(Hinnen et al. 2010b). He found 5-year bNED
of 86% and 90% (95% confidence interval) for
strands and loose seeds, respectively, and an
associated biochemical failure reduction of
43% for loose seeds.

Stabilising needles are helpful to reduce
movement of the gland during the insertion of the
needles. One can introduce all needles first, after-
loading the needles with the appropriate number
of seeds or one can insert a needle and insert the
seeds, or use preloaded needles prepared by the
vendor according to the configuration of the pre-
plan. During the procedure, the planning can be
adjusted to the exact position of the needle, tak-
ing into account a different route of the needle
than planned (interactive planning). When all
seeds are placed in the prostate, fluoroscopy can
be done to verify the number of seeds in the pros-
tate (Fig. 10.7). Also a C-arm with CT option can
be used, to get a better insight of the position of
the seeds over the prostate volume. If necessary,
extra seeds might be placed (Westendorp et al.
2011).

After recovering from the anaesthesia, the
Foley catheter can be removed. When the patient
urinates spontaneously, he can return back home.
Patients receive an alpha blocker to increase the
urinary flow. Pain medication is seldom required.
Physical exercise is allowed, but the patient
should refrain from bicycling for one or more
months depending on the urinary symptoms
because this gives extra irritation of the prostatic
urethra.
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Fig. 10.6 (a) Shows the tool
to prepare strands from loose
seeds and spacers. (b) The
tubes are depicted to make a
strand of desired lengths with
irregular spacing between the
seeds

Fig. 10.7 X-ray at the end of prostate seed implantation
to count the number of inserted seeds

10.4.3 Postplanning

It is recommended to do a postplanning approx-
imately 1 month after the brachytherapy proce-
dure. Swelling as result of the insertion of all
needles will have disappeared by that time. CT
or MRI can be used for imaging of the prostate
and the seeds, with CT the seeds are better
visualised, with MRI the prostate is better
imaged and fusion of both modalities is the
most appropriate (Villeirs et al. 2005). From
the post planning the dosimetric parameters
can be calculated by the planning computer.
DVHs are useful indices considering the
implant quality. What exactly is a good implant
is still under debate. A D90 (dose of 90% of
the prostate) value of more than 140Gy is
recommended (Stock et al. 1998). Kao evalu-
ated 643 patients after PPB with D90s of
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180 Gy or greater and found excellent 5-year
bNED of 96.5% for the whole group with
97.3% for low-risk patients and 92.8% for
intermediate-/high-risk patients (Kao et al.
2008). However, Ash showed also good results
with lower D90s (Ash et al. 2006).

10.4.4 Radiation Safety

Safety procedures include exposure mea-
surement before discharge, information to
the general practitioner and information for
the patient and his relatives. Although the
radiation exposure to other persons is very
limited, it is advised that patients should not
have close contact with young children and
pregnant women for 2 months. The wife of
the patient can sleep in the same bed with
the patient. Measurements from South Africa
with radiation monitors for the family and
pets did not show any radiation, except for
the wife sleeping in the same bed. However,
still the radiation exposure was well below the
International Commission on Radiological
Protection (ICRP) limits with a lifelong dose
of 0.1 mSv for iodine-125 and 0.02 mSv for
palladium-103 (Michalski et al. 2003). Sexual
intercourse is permitted, but a condom should
be used during the first ejaculations since an
iodine seed may be lost through this way.
Seeds might disappear with the urine or can
migrate within the body, mainly into the lung
or regional lymph nodes. Although second
primary cancer (SPC) such as bladder can-
cer may appear, the incidence is very low and
should not be used as an excuse to refrain
from brachytherapy (Singh et al. 2010). The
ICRP considers the risk of SPCs after PPB
negligible (Cosset et al. 2004).

Safety monitors in shops and warehouses are
not triggered by the seeds. However, at some air-
ports in the USA and in Russia, radiation moni-
tors are used, and patients might be stopped up
till 6 months after seed implantation. These
patients should have a declaration from the hos-
pital to enter the country.

10.5 Combined Treatment

Combination of PPB and EBRT is advocated for
intermediate-risk patients with a higher chance
for extracapsular extension (Blasko et al. 2000).
The same group from Seattle reported on the
15-year bNED in clinical T T, following com-
bined EBRT and PPB. At 15 years, the bNED
results were 88% for low-risk, 80% for interme-
diate-risk and 53% for high-risk patients
(Sylvester et al. 2007). Critz shows also good
results with the combined approach, but results
are not better than with seeds alone, both in clini-
cal outcome and side effects (Critz and Levinson
2004). However, there are no randomised studies
to prove this. Several arguments are mentioned in
favour for combined treatment. A higher dose
outside the prostate capsule can be achieved to
eradicate tumour cells outside the prostate. It also
may eradicate tumour in lymph nodes and it
results in a higher total dose to the prostate.
Contra-arguments are that a dose of 40-55Gy
with EBRT is too low to eradicate significant
tumour, especially more than 5 mm outside the
prostate contour. According to Teh, the majority
of extracapsular growth is within 2 mm from the
capsule, and if more it should be visible on MRI
and TRUS, making the patient not suitable for
PPB (Teh et al. 2003). In general, PPB will give
such a high dose to prostate and margin that extra
dose is not necessary. Finally the combined
approach is more expensive and may result in
more side effects. Blasko stated that combined
therapy is perhaps indicated in centres with lim-
ited experience, to homogenise the total dose
within the prostate (Blasko et al. 2000).

10.6 Results

According to a combination of PSA value, Gleason
score and sum, and T-stage patients can be categor-
ised in three risk groups, low, intermediate and high
risk (Table 10.1), although systems in use in Europe
and the USA may differ in criteria (Table 10.3). In
general, only low- and intermediate-risk patients
are considered candidates for PPB.
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Table 10.3 Different criteria for the three risk groups

Centre Low risk Intermediate risk
Seattle T, -T,, and Gleason 2-6 and
PSA <10 > 10
Mount Sinai T -T,, and Gleason 2-6 and
PSA <10 10<20
Boston T -T,, and Gleason 2-6 and
PSA <10 PSA 10-20

It is recommended to use the classification as
published by GEC-ESTRO (Ash et al. 2000).

10.6.1 Low-Risk Patients

Low-risk patients are defined as Tlc-2b, PSA <
10 ng/ml and Gleason sum <6. Because ran-
domised studies are not available, data of clinical
outcome are results from single institutions or
combined from several centres. Follow-up time in
large series is often more than 5 and even 10 years.
Table 10.4 is showing excellent outcomes with
percentages from 82% to 89% for bNED and
around 95% for disease-specific survival (Beyer
and Brachman 2000; Grimm et al. 2001;
Battermann et al. 2004; Sharkey et al. 2005; Potters
et al. 2005; Zelefsky et al. 2007; Hinnen et al.
2010a; Henry et al. 2010; Taira et al. 2011). In
some articles, PPB is compared with other treat-
ment modalities such as prostatectomy and EBRT
(Pickels et al. 2010; Kupelian et al. 2004; Tward
et al. 2006; Colberg et al. 2007; Jabbari et al.
2010). From these data, it is clear there is no sig-
nificant difference in tumour control after PPB and
prostatectomy. Only in the Kupelian paper, there is
a significant lower outcome for patients irradiated
with and insufficient external beam dose of
<72 Gy (Kupelian et al. 2004). Pickles and Morris
describe a match-pair analysis of 601 patients
treated with PPB or 3D conformal EBRT. The
5-year results of bNED were 95% for PPB and
85% for EBRT and after 7 years, still 95% for
PPB, but only 75% for EBRT. Higher late toxicity
was found for PPB for urinary symptoms and
worse for bowel symptoms after EBRT. Colberg
reported on 741 patients from one institution
treated with prostatectomy (391 patients) or PPB

>T,, or Gleason > 7 or PSA
T,, or Gleason =7 or PSA

T,, and/or Gleason = 7 and/or

High risk
2 or 3 factors

2 or 3 factors and/or Gleason 810
and/or PSA > 20 and/ or >T,_

2 or 3 factors and/or 2T, , Gleason
8-10, PSA > 20

Table 10.4 Results of low risk patients

Number  Median f-up % bNED/
Author of patients (months) year rate
Beyer (2000) 128 84 85/7
Grimm (2001) 125 81 87
Battermann (2004) 114 48 91/7
Sharkey (2005) 528 72 87
Potters (2005) 481 82 89/12
Zelefsky (2007) 63 82/8
Hinnen (2010a) 232 72 88/10
Henry (2010) 575 57 86/10
Taira (2011) 319 74 97/12

(350 patients, 35% with 125-1 and 65% with
103Pd). Only 8% were treated with combined PPB
plus EBRT; 25 patients received ADT to downsize
the prostate. At a median follow-up of 42 months,
bNED was identical for the favourable group (93%
vs. 92%), the intermediate group (70% vs. 70%)
and poor group (50% vs. 52%) (Colberg et al.
2007). Tward looked at 60,290 patients from the
SEER program with low and intermediate prostate
cancer for prostate-cancer specific mortality
(PCSM) and any-cause mortality (ACM). Median
follow-up was 46 months. For patients age <60,
PCSM at 10 years was 1.3% for surgery, 0.5% for
PPB and 3.75% for no definitive treatment. Men
over 60 had PCSM of 3.8%, 5.3% and 8.4%,
respectively. On univariate and multivariate analy-
sis, both prostatectomy and PPB had statistically
equivalent PCSM and CSM (Tward et al. 2006). In
the paper by Jabbari, also proton boost was
included, but the conclusion of the paper was the
finding of excellent results for PPB, suggesting at
least equivalent 5-year bNED rates and a greater
proportion of men achieving lower PSA nadirs
compared with 3D-CRT or CPBRTB (Jabbari
et al. 2010).
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Table 10.5 Results of intermediate risk patients

Number ADT Median f-up % bNED/
Author  of patients (%) (months) year rate
Beyer 345 0 84 66/7
(2000)
Cosset 276 68 43 94/5
(2008)
Morris 419 100 54 96/5
(2009)
Taira 144 0 74 96/10
(2011)
Hinnen 369 18 69 61/10
(2010a)
Henry 430 57 86/10
(2010)

10.6.2 Intermediate-Risk Patients

Intermediate-risk patients (Tlc-2c; Gleason 7,
PSA 10-20 ng/ml) show good results as well, as
can be seen in Table 10.5. Definitions of interme-
diate-risk cases and selection criteria may be dif-
ferent from series to series, and PPB may be
combined with external beam radiotherapy and/or
androgen deprivation therapy (Kupelian et al.
2004; Merrick et al. 2005a; Datolli et al. 2007;
Morris et al. 2009; Munro et al. 2010). Both for the
combination of EBRT plus seeds and the use of
seeds plus ADT, it is not proven to be better than
PPB alone (Merrick et al. 2005a). Henry described
1,298 patients, of whom 44.2% received ADT and
found an association with poorer overall biochem-
ical control rates, particularly in the intermediate
risk group. She explained this difference that in
patients with higher percent positive biopsy scores,
the presence of perineural invasion, or Gleason
4+ 3 histology received ADT (Henry et al. 2010).

Hinnen reported an improvement in outcome for
patients in the past decade compared with earlier
experience in Utrecht for intermediate-risk patients
since the use of intraoperative planning. This might
not only be attributed to intraoperative planning but
also to better patient selection by better (MRI) imag-
ing, improved guidelines for implantation or greater
consistency in biopsy Gleason score. However, for
low-risk patients, there was no improvement, prob-
ably because the results for these patients already
are very favourable (Hinnen et al. 2010a).

As was discussed earlier, outcome after PPB
was found related to the D90 (dose to 90% of the

prostate) over or under 180Gy and implantation
technique using stranded or loose seeds (Ash et al.
2006; Pina et al. 2010; Hinnen et al. 2010b).

10.6.3 Gleason Sum3+4o0r4+3,
Does It Matter?

Results from literature concerning results in
Gleason 3+4 and 4+ 3 give either a poorer prog-
nosis for 4+3 tumours or not for all treatment
modalities. Wright looked at prostate cancer—spe-
cific mortality for these groups of patients after
surgery and radiotherapy and found an increased
risk of recurrence or progression and specific
mortality in those with Gleason 4+3 versus 3+4
(Wright et al. 2009). Merrick described a series of
530 patients with Gleason 3+4 (300 patients) or
4+3 (230 patients). At 10 years, primary Gleason
score did not impact survival, while deaths from
cardiovascular disease or second malignancies
were 9.6 times more common than death from
prostate cancer (Merrick et al. 2007).

10.6.4 High-Risk Patients

A significant lower cure rate is found in high-risk
patients (=T2c; Gleason > 7; PSA > 20 ng/ml)
after all treatment options. This may be due to the
fact that a substantial number of them will have
microscopic metastases. In the treatment of
patients without traceable metastases brachyther-
apy can be used, either as monotherapy or in
combination with EBRT and/or ADT. Many of
these combined treatments are performed suc-
cessfully using HDR brachytherapy (Galalae
et al. 2002; Martinez et al. 2010). For patients
categorised as high risk due to a PSA value over
20 ng/ml and/or Gleason sum higher than 7, PPB
might still be an option. Stone reports good
results for these patients with PPB at a D90 of
more than 200 Gy (Stone et al. 2010).

10.6.5 Does Age Matter?

Patients before 60 years of age should not with-
hold PPB according to data in literature (Merrick
et al. 2006; Shapiro et al. 2009; Burri et al.
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2010a, b). Shapiro found freedom from progres-
sion at 10 years after PPB, in patients with low,
intermediate and high risk of 91.3%, 80.0% and
70.2% compared to 91.8%, 83.4% and 72.1%,
respectively, for men before 60 years versus men
of 60 years or older. Interestingly, high rates of
cause-specific and biochemical progression- free
survival after PPB in 145 consecutive men over
74 years of age were reported. Overall survival
and non-cancer deaths were best predicted by
tobacco status (Merrick et al. 2008).

Second primary tumours do occur, but still
the number is negligible as mentioned earlier in
this chapter (Liauw et al. 2006). Hinnen found in
a series of 136 PPB patients, compared with 87
patients after prostatectomy with a median fol-
low-up of 5 years for both a low incidence of
second primary cancers. However, in patients
under 60, there was a higher chance for bladder
cancer after PPB (Hinnen et al. 2011b). Moon
looked at the SEER registry for men with inci-
dent prostate cancer and evaluated type of treat-
ment, tumour stage and grade, and age at
diagnosis. Data were evaluated for second pri-
mary cancers beginning 5 years after treatment.
Patients after EBRT had significantly higher
odds of developing second cancers compared
with men without radiation therapy, both in the
treated area (bladder, rectum) but also in areas
not potentially related to radiation. Lowest odds
of developing cancers were found with men after
PPB (Moon et al. 2006).

10.7 Morbidity

The majority of patients will experience some
degree of urinary irritation with complaints of
higher frequency, reduced flow, urge and burning
while urinating. These symptoms are the result of
swelling of the prostate because of the needles
that have been placed. After a few weeks prostate
radiation inflammation will take over the symp-
toms. Although many men will recover in weeks
or months, in a small number of men, symptoms
become worse and may result in urinary obstruc-
tion. The incidence rate varies in literature from
5% to 20% and is related to prostate volume and
initial voiding problems with high IPSS (Terk
et al. 1998; Blasko et al. 2002; Crook et al. 2002;

Martens et al. 2006). Also after combined
treatment, a similar rate of obstruction is found.
The majority of obstructed patients can be helped
with a Foley catheter for some weeks.
Occasionally, the problems remain and a supra-
pubic catheter should be placed to drain the blad-
der. This is more comfortable and the patient
himself can monitor his voiding pattern. It is
advised to wait at least 6 months and better
12 months before surgical procedures are per-
formed to reduce the chance for incontinence. If
surgery is performed, the procedure should be as
minimal as possible (median incision, bladder
neck incision, or mini TURP). Incontinence rate
is less than 1%, only patients who had previous
TURP have a higher chance for incontinence
(Blasko et al. 2002; Stone and Stock 2002;
McElveen et al. 2004). Keyes presented a paper
on predictive factors for acute and late urinary
toxicity in 712 patients. IPSS returned to baseline
at a median of 12.6 months. On multivariate anal-
ysis, higher baseline IPSS resulted in a quicker
resolution of their IPSS. Higher D90, maximal
post-implant IPSS, and urinary retention slowed
IPSS resolution time. Actuarial 5-year late uri-
nary toxicity Grade 3 and 4 was reported 6.2%
and 0.1% (Keyes et al. 2009a). The same group
also report on urinary flare in the same group of
patients. Typically, this is found 16-24 months
after implant with an incidence of 52% (flare
definition of an IPSS increase >5) and 30% (flare
>8). Patients with symptoms had a resolution of
these symptoms within 6 months of 65% and at
12 months of 91% (Keyes et al. 2009b).

Late complications are pain in the perineum,
urethra strictures and rectal bleeding. Since the
use of intraoperative dose planning, the rate of
these complications is reduced considerably
(Salembier et al. 2007). All these complications
are rare nowadays and recover often spontane-
ously with pain medication, alpha blockers or in
severe and persisting situations a treatment ses-
sion of hyperbaric oxygen. Fistulae and other
grade 4 toxicity are reported 0—2% in experienced
hands (Stone and Stock 2002).

Erectile dysfunction is found in 20-50% of
men, depending on age, sexual activity, smoking,
diabetes and use of medication, e.g. B-blockers
(Robinson et al. 2002; Merrick et al. 2005b).
Sildenafil and other stimulating drugs can help to
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improve erections. Especially in younger patients,
a decrease of erection may appear a few months
after seed implantation and in general will recover
spontaneously.

From a study in Utrecht, it was shown that
patients after 6 years had the same quality of life
score as before iodine implantation (Roeloffzen
et al. 2010). Malcolm found after 2 years from
open or RALP prostatectomy, cryosurgery or
PPB in all domains (bother score, urinary and
sexual function) higher scores after PPB (Malcolm
et al. 2010). Crook reported on the outcome of
the SPIRIT study on the comparison of health-
related quality of life 5 years after treatment. Of
168 survey responders 60.7% had PPB and 39.3%
surgery. Median follow-up was 5.2 years. There
was no difference in bowel or hormonal domains,
but patients after PPB scored better in urinary
and sexual domain, and in patient satisfaction
(Crook et al. 2011).

10.8 Management of Recurrences

After PPB, patients are followed by both the radi-
ation-oncologist and the urologist. PSA levels are
closely monitored. If PSA levels are rising, this
indicates local recurrence, distant recurrence,
local plus distant recurrence and most common
PSA bounce. In the last case, it means there is a
temporary PSA increase about 1.5 years after
seed implantation. PSA can increase with up to
2 ng/ml. Kirilova examined patients with a
bounce after iodine seed implantation with 3D
MRI spectroscopy and found diffuse metabolic
activity during an ordinary bounce, whereas in
case of recurrence, there was more focal activity
(Kirilova et al. 2011). This rise is most likely
caused by death of many normal prostate cells
due to hypoxia. It was found that this phenome-
non is related to a better outcome than in patients
without this rise (Crook et al. 2007; Hinnen et al.
2012). PSA levels should come down to non-
measurable levels, but this might take several
years. Grimm observed a period of 6 years before
80% of the patients had reached their nadir of
<0.2 ng/ml (Grimm et al. 2001). If PSA remains
to increase, further diagnostic examination is

mandatory to differentiate between distant or
local recurrence. However, in many cases, it is
not possible to find either a local or distant tumour
recurrence. MRI, especially dynamic contrast-
enhanced (DCE) MRI can help to locate local
recurrence by showing a higher blood perfusion
(Futterer et al. 2006). Of course, histological
proof is needed before calling the finding a local
recurrence. Although the possibilities are limited,
still some options are open for the patient. This is
highly related to the initial risk group and the
delay between the first implantation and the onset
of recurrence. In general, PSA increases soon
after brachytherapy indicates distant spread,
especially when the PSA doubling time is less
than 6 months. Second brachytherapy is an option
as described by (Moman et al. 2010). She advo-
cates only doing this second treatment if the
recurrence is located in one lobe. Then a seed
implant of that lobe is performed with much
lower toxicity than with a full implant. In a
previous paper, Moman found in a series of
31 local recurrences after initial brachytherapy
(11 patients) or EBRT (20 patients) freedom for
biochemical recurrence of 51% after 1 year and
20% after 5 years. Toxicity was high with genito-
urinary tract grades 1, 2, and 3 of 29%, 58% and
3% in the acute phase and 16%, 39% and 19%
in the late phase, respectively. For gastrointesti-
nal toxicity, this was 45%, 10% and 0% in the
acute phase and 48%, 3% and 6% in the late
phase, respectively (Moman et al. 2009). Nguyen
showed a similar major toxicity of 30% versus
29% but with a much better tumour outcome
with 70% failure free after 4 years. However, in
this series only low-risk patients were candi-
dates for salvage brachytherapy (Nguyen et al.
2007). Burri published the results from the Mount
Sinai group on 37 patients (32 EBRT and 5 PPB)
with a median follow-up of 86 months. Salvage
brachytherapy was associated with a 10-year
bNED of 54% and cause-specific survival of
96%. Presalvage PSA < 6 ng/ml was significantly
associated with improved bNED. Toxicity was
low, but with three Grade 3 toxicities and one
Grade 4. Toxicity was correlated with pelvic
lymph node dissection (Burri et al. 2010b).
Another option is salvage surgery. In case of
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prostatectomy, the same criteria can be used to
consider a patient candidate for salvage surgery
and might be successful in well-selected patients.
Bianco reports on 100 consecutive patients with
local recurrence after EBRT (58 patients) and after
PPB (42 patients). The overall 5-year progression-
free probability was 55%. Preoperative PSA was
the only significant predictor of disease progres-
sion with probability of 86%, 55% and 37% for
PSA level of <4, 4-10, and >10, respectively
(Bianco et al. 2005). In an earlier paper by the
same group, toxicity was described. In patients
operated after 1993, the major complication rate
was 13%, significantly less than the 33% from pre-
vious experience. Urinary incontinence was
reported in 68% of patients, requiring one pad a
day or less, while 23 patients needed an artificial
urinary sphincter (Stephenson et al. 2004). External
beam irradiation with IMRT can be a possibility,
although there is not much literature available.
Salvage seed implantation after failure of EBRT is
an option, again with the same criteria as men-
tioned above (Beyer 2004; Lee et al. 2008).

10.9 Discussion and Conclusions

Early experience with permanent prostate
brachytherapy was rather dismal. However, the
rationale to deliver a high local dose with sparing
of normal tissues remained appealing. With the
introduction of the perineal technique, using
TRUS for guidance of the needles, much better
results were obtained and gave PPB a solid place
in the armamentarium for the treatment of loca-
lised prostate cancer. Long-term results are avail-
able and show outcomes equivalent to radical
prostatectomy and beam irradiation.

With modern imaging techniques such as MRI
with or without endorectal coil, multi-slice CT,
choline-PET-CT a further improvement in stag-
ing will result in better patient selection and
hence better outcome for all treatment modali-
ties. But we should remember the phrase from
Whitmore on patient selection: ‘Is prostate
brachytherapy necessary for those who want it
and is prostate brachytherapy possible for those
who need it’.

Prostate brachytherapy appears to be the treat-
ment of choice for low and intermediate cancers
and can be used in combined therapy as a boost
with or without androgen deprivation for patients
with less favourable criteria. Whether HDR
monotherapy will be used routinely for early-
stage lesions is not clear but has a major advan-
tage in the costs of treatments due to the high
price of iodine seeds in Europe. Also, the radiobi-
ology with low a/f ratio for prostate cancer could
be in favour of HDR.

Urologists are considering using focal therapy
in selected patients. In place of cryosurgery and
HIFU, prostate brachytherapy with seeds or HDR
can be a more appropriate technique in these
cases. However, Isban published up to 60% mul-
tifocal tumour apart from the diagnosed unilat-
eral tumour in biopsies (Isban et al. 2010).

Finally, we have to keep in mind that more
men after permanent prostate brachytherapy will
not die of their cancer but of other causes (Bittner
et al. 2008).
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