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Abstract

Background and purpose: The aim of this paper is to present the GEC/ESTRO-EAU recommendations for template and transrectal

ultrasound (TRUS) guided transperineal temporary interstitial prostate brachytherapy using a high dose rate iridium-192 stepping source and

a remote afterloading technique. Experts in prostate brachytherapy developed these recommendations on behalf of the GEC/ESTRO and of

the EAU. The paper has been approved by both GEC/ESTRO steering committee members and EAU committee members.

Patients and methods: Interstitial brachytherapy (BT) to organ confined prostate cancer can be applied as a boost treatment in combination

with external beam radiation therapy (EBRT) using a proper number of BT fractions in curative intent. Temporary transperineal BT alone or

in combination with EBRT are feasible as a palliative/salvage treatment modality because of local recurrence, however, without large clinical

experience. The use of temporary BT as a monotherapy is subject of ongoing clinical research.

Results: Recommendations for pre-treatment investigations, patient selection, equipment and facilities, the clinical team, the implant

procedure (treatment planning and needle implantation) dose and fractionation, reporting, management of side effects and follow-up are

given.

Conclusions: These recommendations are intended to be technically and advisory in nature, but the ultimate responsibility for the medical

decision rests with the treating physician. Although, this paper represents the consensus of an interdisciplinary group of experts, TRUS and

template guided temporary transperineal interstitial implants in prostate cancer are a constantly evolving field and the recommendations are

subject to modifications as new data become available.

q 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The proportion of patients treated by brachytherapy is

rapidly increasing over the past years, and both permanent

seed implants and temporary afterloading techniques play

an important role in the treatment of localised prostate
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cancer [2,6,19,30,56]. To achieve an appropriate quality for

permanent seed implants and to synchronise activities in this

multidisciplinary field GEC-ESTRO/EAU/EORTC rec-

ommendations for permanent implants were previously

published [2]. The following recommendations on tempor-

ary transperineal prostate brachytherapy, contain a sum-

mary of the experience in prostate BT of a small group of

brachytherapy experts and urologists on behalf of the GEC/

ESTRO-EAU Prostate Brachytherapy Group (PROBATE);
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they are intended to form a basis for an appropriate use of

this treatment modality.

Remote temporary afterloading brachytherapy has

several advantages:
accurate positioning of the source by first implanting

non-active guide needles,
possibility to choose the source positions over the length

of the needle,
no target movement during radiation,
stepping source technology allowing for dose and

volume adaptation due to adjustment of source dwell

locations and times according to 3D imaging based

individual dose prescription before irradiation [68].

Temporary brachytherapy using a stepping source does

not need any source preparation time and there is full

radiation protection. It also allows fractionated irradiation

and volume optimisation of the target dose distribution. If

BT and complementary EBRT are the chosen treatment,

the costs of temporary BT are low. Introducing a remote

afterloading technique combined with the technological

developments in sonography devices, such as transrectal

ultrasound (TRUS), as well as treatment planning software

developments result in an appropriate target delineation

and guidance of the needles [37,52]. A high quality of the

treatment planning and delivery of dose to the target can be

achieved [22].

Disadvantage of temporary BT-implants:
Table 1

Patient selection criteria for a curative combined TEMPORARY BT and

EBRT treatment

Inclusion criteria Stages T1b–T3b

Any Gleason score

Any iPSA without distant metastases

Exclusion criteria VolumeO60 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
temporary BT-implants require usually a fractionated

schedule which results in more work load per patient.

Temporary transperineal implants for prostate cancer

have been applied since the mid 80’s in an increasing

number of centres worldwide. Clinical experience has been

built up progressively, and the technique appears nowadays

to be safe and effective [4,9,20,23,49,50,52,53].

However, the value of temporary BT and its clinical

benefit compared to low-dose rate BT have not been

demonstrated in randomised clinical studies. To allow

relevant comparative information on clinical results, it is

essential that patient data and treatment parameters are

described in a similar way for permanent and for temporary

implants.

An important radiobiological issue is the evaluation of

biological weighting factors to apply to compensate for the

differences in dose rate and time factors. Some models have

been proposed but their validity and relevance for the

treatment of prostatic adenocarcinoma need to be further

assessed [70]. Furthermore, as the available radiobiological

data do not allow definitive conclusions about the relative

efficacy of temporary BT compared to other radiation

treatment modalities, comparison of clinical data is

required. However, radiobiological data and considerations

indicate that a low alpha/beta value (!2 Gy) might be
appropriate for the relative value of temporary brachyther-

apy with a high fraction dose. If such values are appropriate,

the relative efficacy of temporary BT with a high-dose per

fraction would be pronounced [11,21,35,36]. High-dose-

rate brachytherapy might be then expected to produce

results comparable to or better than those from low-dose-

rate implants. However, using temporary implants exclu-

sively for treatment of localised prostate cancer has not been

tested clinically in a sufficient amount of patients with

appropriate follow-up. Delivering the total dose exclusively

in a few very high-dose fractions (one or two) is not

recommended because of radiobiological disadvantages,

e.g. inadequate tumour reoxygenation and normal tissue

damage [63]. In any case, the application and evaluation of

biological weighting factors is recommended for compari-

son of results and will be guided by the increase of clinical

experience with longer follow-up.

Developments in remote afterloading brachytherapy

(temporary BT) devices and technology as well as in

transrectal sonography resulted in highly sophisticated tools

in the field of interstitial treatment of localised prostate

cancer. There is a wide consensus today, that TRUS guided

transperineal template implant techniques represent the

standard of interstitial prostate brachytherapy with an

accurate needle placement [4,7,12,27,60].

Due to the excellent dose distribution of BT implants

using a stepping source and anatomy related dose

optimisation (adaptation of dwell locations and dwell

times to the target and no impairment from oedema, from

source migration, and from prostate movement during the

short time interval of the boost application) and due to the

significant low costs of remote afterloading treatment, BT

boosts with a stepping source in combination with EBRT

seems to be challenging treatment option for a selected

group of patients (Tables 1 and 2).

Long-term follow-up data confirm that temporary BT

boost combined with EBRT represents a successful

treatment choice and results in excellent bNED, local

control and survival rates (Table 2). The treatment seems to

be especially advantageous for patients in intermediate and

poor prognostic groups (iPSAO10 ng/ml or GleasonO7 or

StageOT2a).



Table 2

Results of temporary BT boost in the treatment of localised prostate cancer

n/nT3 mPSA mFU mG bNED (%) PSA def. G3 GU/GI

Borghede et al. [9] 50/13 n.d. 45 7 78 !1–2 ng/ml 8%

Dinges et al. [20] 82/61 14 24 n.d. 53 !1 ng/ml 7%

Kovács et al. [39] 189/63 16 78 7 78 !1 ng/ml 2.7/2.9%

Martinez et al. [50] 161/21 9.9 34 7 67 ASTRO cons. 5%

Mate et al. [53] 104/11 8.1 46 6 60 ASTRO cons. n.d.

Temporary BT, transperineal TRUS guided prostate brachytherapy with a stepping source; n/nT3, total number of patients/number of T3 patients; mPSA, mean

initial PSA (ng/ml); mFU, mean follow-up (months); mG, mean Gleason score; bNED, biochemical freedom of recurrence; PSA def., PSA definition of

biochemical freedom of recurrence; G3 GU/GI, EORTC/RTOG scale G3 side effect genitourinary/gastrointestinal; n.d., no data available.
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Some of following paragraphs (in chapter 1 and 2) refer

to issues not different for permanent or interstitial implants.

If appropriate, recommendations as published previously for

permanent implants were taken, they are particularly

indicated and referred to [2].

1.1. Pre-treatment investigations

For comparison of treatment outcome, it is essential that

pre-treatment investigations be identical for patients treated

with permanent implants and temporary BT for prostatic

carcinoma. Therefore, the recommendations for temporary

BT should be identical to those for permanent seed

implantations [2].

‘All patients should have a history and general physical

examination to assess their suitability to the treatment.

Local and if needed (initial PSAO10 ng/ml) systemic

staging should be completed’ [2].

1.2. PSA

‘Initial PSA should be recorded in all patients’ [2].

1.3. Transrectal ultrasound (TRUS)

TRUS of the prostate should be performed on all patients

by an expert (usually the urologist) to more accurately

assess the local extent of disease. In the hand of experienced

users, TRUS is still one of the most sensitive imaging

methods to determine local extent of prostate cancer [5,17,

33,42,45,62], especially if the histologic biopsy information

is present. Imaging of the zonal anatomy of the prostate

gland is an important factor in defining different target areas

within the gland [5,10,22,25,53]. Also the knowledge of

extra-capsular disease and its localisation are extremely

useful for treatment planning [4,10,22,25,39,53]. Addition-

ally, TRUS may serve as a substitute for CT in most patients

regarding the detection of pubic arch interference [71].

1.4. Prostate biopsy

‘All patients should have TRUS guided biopsy proven

adenocarcinoma It is usual to take six to 12 biopsy cores

with ultrasound guidance’ [2]. The use of TRUS improves
the biopsy results and can utilise valuable information for

treatment planning. The percentage of positive biopsies

seems to be a strong prognostic factor [41,47,64].

1.5. Bone scan

If the probability of bone metastases is!5% according to

the Partin tables, bone scan is not obligatory [58].

1.6. CT scan/conventional MRI of the pelvis

(not mandatory)

These imaging methods have a moderate value in

assessing the local extent of prostate tumours. PSA values

according to the Partin tables give more information on

micrometastatic disease. MRI is useful in detecting nodal

enlargement.

1.7. Pelvic MRI with endorectal coil (not mandatory)

This is one of the most sensitive imaging investigation to

assess local extent of prostate cancer [2]. The knowledge of

extra-capsular disease and its localisation is extremely

important for further treatment decisions; however, TRUS is

the general practice in local staging.

1.8. Surgical lymph node staging (not mandatory)

There is controversy about the benefit of surgical lymph

node sampling, in particular, in patients with poor

prognostic factors [20,23]. Temporary BT may be used in

combination with external beam radiation therapy (EBRT)

and regional lymph nodes then represent a potential target of

radiation treatment. However, there is no clear evidence

from clinical trials, showing advantage or disadvantage of

surgical lymph node sampling with regard to therapeutic

outcome.

1.9. Urodynamic studies

Lower urinary tract symptoms (LUTS) have to be

evaluated before therapy and the patient has to complete

an International Prostate Symptom Score (IPSS) or AUA

symptom-scoring sheet. ‘Maximum urinary flow rate
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and post voidal residual urine should be measured and

reported in patients with significant symptoms’ [2]. The

IPSS score should be below 12.
2. Patient selection

The most important prognostic factors with the highest

impact on disease free survival are initial PSA, Gleason

score (or WHO grade) and stage. For functional outcome,

the initial prostate volume and lower urinary tract

symptoms, best characterised by the IPSS score, provide

the best guide. Indication for treatment is histologically

proven localised or locally advanced prostate adenocarci-

noma with a volume of the gland smaller than 60 cm3 and

with a distance to the rectal mucosa greater than 5 mm. An

interval from the last surgical intervention (like TURP)

longer than 6 months is advisory to reduce the chance of

incontinence as severe late normal tissue injury. Further-

more, TRUS or MRI should exclude infiltration of the

external sphincter or bladder neck. Patients withO50%

positive probes of sextant biopsy seem to be associated with

higher rates of 5-year PSA failure following permanent

implant monotherapy [41]. Combined EBRT and temporary

BT boost is effective in low-risk patients (T2a, initial PSA!
10 ng/ml, Gleason scoreZ!6) but these patients do also

well with permanent brachytherapy alone, so for this patient

cohort seed treatment may represent an adequate option. If

low-risk patients are treated with a combined EBRT and

interstitial brachytherapy boost schedule, dose and treat-

ment time usually do not vary from other prognostic groups,

however, total treatment time is longer than using

permanent implants. So far there is no prospective

randomised study available comparing these different

types of radiation treatment. The highest advantage of

EBRTCtemporary BT seems to be given in intermediate-

and high-risk patients (OT2a or PSAO10 ng/ml or

GleasonO6). According to retrospective evaluations of

treatment results in different prognostic groups (two factors)

in high/intermediate risk cases, the long-term treatment

results of combined EBRT and permanent (LDR) bra-

chytherapy or temporary BT as a local boost seem to be

favourable [9,23,49,50,53,59,65,66]. Temporary BT alone

is not yet a standard treatment, but subject to clinical

investigations [51,73].

2.1. The role of PSA

Prostate specific antigen (PSA) is a strong prognostic

factor and initial PSA (iPSA) correlates with outcome [74].

There is consensus in literature (‘ASTRO consensus’), that

the use of three consecutive values reduces the risk of

falsely declaring biochemical failure due to ‘bouncing’

PSAs. This phenomenon results when sequential PSA

determinations show one or two rises followed by a fall

and a subsequent rise again [1]. Many authors [16,59,69]
have shown, that in patients treated with conventional

EBRT with iPSAO10 ng/ml, the PSA failure rate was 50%

or higher. Patients with iPSAO10 ng/ml have a higher

probability in both, in extra-capsular invasion as well as

in the treatment failure rate and, therefore, they are not

suitable for interstitial treatment alone. In these cases, it is

advisory to combine brachytherapy treatment with external

beam radiotherapy [59,60]. PSA values for selection of

patients for temporary brachytherapy may vary from !10

toO20 ng/ml, in any case they should be !50 ng/ml

because of high risk of distant spread in this subgroup.

2.2. The role of Gleason score

The most common used grading systems are the Gleason

Score System and the WHO System. Grading has been

shown to be predictive of the metastatic potential and of the

prognosis of the patient. Patients with Gleason score of 6 or

less have a favourable prognosis, and do well with

brachytherapy alone (usually permanent implants), patients

with Gleason score of 7 have an intermediate prognosis, and

patients with Gleason score 8–10 a poor prognosis.

Temporary brachytherapy in combination with external

beam therapy is often considered for patients with inter-

mediate or poor prognosis as indicated by Gleason score. It

has been also found that tumour grade may not be an accurate

predictor of the overall clinical course. This may be due to

sampling error as well as to importance of other prognostic

factors, such as volume, stage and PSA level [14,15,34,65].

2.3. The role of clinical stage

In the pre-PSA era, clinical stage determined by digital

rectal examination (DRE) was found to be a strong predictor

of local control. It is now generally accepted, that DRE is

associated with a high rate of underestimating true extent of

prostate tumours. The incidence of unsuspected capsular

penetration ranges from 25 to 65%. PSA and Gleason/WHO

score are more important in defining prognostic groups than

clinical stage.

There is a considerable degree of uncertainty regarding

the value of imaging modalities for clinical staging. Several

studies showed that transrectal ultrasound (TRUS) is helpful

in detecting extra-prostatic extension with an accuracy of

50–60% [5,14,17,33,45,62]. The guidelines of the AJCC

1998 Staging System for Prostate Cancer [72] imply that

palpable T2 lesions should be classified as T3-stage in case

of TRUS or MRI indicating extra-capsular or seminal

vesicle invasion. Patients presenting with clinical stage

T2a–c or T3 are regarded as candidates for temporary

brachytherapy.

2.4. The role of urinary outflow, IPSS

The patient symptom score before treatment seems to be

one of the most important predictors of urinary morbidity
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after treatment. Patients with residual urine volumeO
50 cm3, IPSSO12 and Qmax!15 cm3/s are high risk

candidates for treatment related impairment.
2.5. The role of prostate volume

In general, interstitial implants in prostate volumes

larger than 60 cm3 are associated with a higher risk of side

effects A prostate volumeO60 cm3 is usually not eligible

for implantation. Pre-implant TUR is certainly not

indicated for downsizing, as TUR represents one of the

most important predictive factors contributing to serious

urinary morbidity. Hormonal treatment for downsizing (due

to reducing benign prostate hyperplasia volume) is

indicated before brachytherapy in case of large volume

prostate. Prostate volume reduction of 30% can be achieved

after 3 months of hormonal cytoreduction treatment [7].

Patients with prostate larger than 60 cm3 have also a high

probability of pubic arch interference, complicating needle

implantation.
3. Contra-indications

Combined EBRT and temporary BT is not indicated

(a) in patients with a life expectancy shorter than 5 years,

(b) in patients with regional and/or distant metastatic

disease, (c) in patients with!6 months interval to TURP,

(d) in patients with a large prostatic volume defect after a

previous TURP, (e) if distance between tumour and rectal

mucosa!5 mm, (f) if patient has general contraindications

for appropriate anaesthesia and/or operative treatment,

(g) if it is to be expected, that treatment cannot be

completed because of technical problems due to anatomical

abnormalities, (h) if there are contraindications for comp-

lementary external beam treatment in case of combined

EBRTCtemporary BT was indicated.
4. Potential indications and investigational treatments
4.1. HDR-brachytherapy alone

In patients with localised prostate cancer (T1b, T2a)

presenting with favourable prognostic factors (iPSA!
10 ng/ml, Gleason max. 6) who have an 80% or greater

probability of localised disease, temporary BT alone may be

performed using appropriate fractionation to reach the

optimal therapeutic ratio (investigational treatment) [51,73].

For patients with higher Gleason scores and higher PSA

values, the risk of disease outside the prostate capsule

increases. In these situations, temporary BT alone is not

indicated.
4.2. HDR-BT for salvage after failure of surgery, primary

hormonal treatment or EBRT

Salvage implantation in locally progressive prostate

cancer after radical prostatectomy, with or without adjuvant

EBRT, represents a feasible method. In locally recurrent

disease EBRT has been shown to have some impact on the

course of disease [13,55]. Very limited experiences are

published regarding salvage permanent BT [3,48,67]. Early

reports claim the feasibility of salvage temporary BT with or

without complementary EBRT [46,57], however, such

procedure should be applied only within prospective clinical

trials. In case of implantation local disease has to be proven

by biopsy and has to be visible by TRUS for target

definition.

Biopsy proven local failure after EBRT in principle is

suitable for salvage implantation. However, the risk of side

effects is significantly higher than for brachytherapy as first

line treatment and for brachytherapy as salvage treatment

after radical prostatectomy (RPE). Furthermore, there is

hardly any experience reported. Therefore, such procedure

is not recommended in general and should be restricted to

experienced hands and prospective protocols.

In the case of failures after primary hormonal mono-

therapy in localised prostate cancer, temporary implants

with complementary EBRT is feasible, however, clinical

results are not yet analysed.

4.3. Neo- and adjuvant hormone therapy (HT)

Hormonal treatment has a significant role in reducing

prostate volume before treatment (‘down-sizing’) due to

reducing BPH (benign prostate hyperplasia) volume of the

gland.

The role of short course neo-adjuvant hormonal therapy

combined with EBRT and temporary BT (dose escalation

protocol) is under investigation. So far there is no significant

advantage of short hormonal treatment observed in dose

escalation studies (total biologic effective doseO70 Gy)

with regard to long-term results [24,50]. On the other hand,

some groups using EBRT combined with HT and applying

much lower total radiation doses showed a significant

benefit for such combination [8,28,40].
5. Preconditions for temporary (HDR) brachytherapy

5.1. Equipment

Equipment for temporary BT for prostate is in some part

similar to the equipment needed for permanent seed

implants. The most common technique to perform prostate

implants is the transperineal technique, guided by transrec-

tal ultrasound. Minimum requirements are: (a) adequate

TRUS unit with template and an adequate treatment

planning software, (b) a TRUS fixation and stepping unit
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with adequate fixation avoiding movements (c) an implan-

tation room and brachytherapy suite with adequate shielding

to perform the HDR treatment, according to national

radiation protection rules, (d) an afterloading unit with a

high-dose-rate stepping source, (e) a fluoroscopy device to

perform images in treatment position for radiographic

control of needle (f) a monitor system for patient

observation during the performance of brachytherapy.

CT or MRI after implantation may be additionally used

for treatment planning using other implantation techniques

(flexible templates and/or the use of flexible needles), which

are also described in literature. However, these techniques

have only been reported with brief follow-up and incom-

plete outcome data for patients [18,29].

5.2. Facilities

Brachytherapy has to be performed in a centre, which is

licensed for high-dose-rate stepping source BT treatments.

The treatment room has to fulfil national regulations in

radiation protection for performance of temporary BT.

There has to be access to anaesthesia and sterilisation

facilities.

5.3. Radiation protection

For temporary BT of prostate cancer the general

radiation protection rules concerning operation theatre,

patient handling and performance of temporary BT are in

principal the same as for other types of remote afterloading

(e.g. in gynaecology). Depending on local facilities,

treatment is performed in a dedicated room for temporary

BT or in a shielded operating theatre. However, it is

recommended to perform the active phase of brachytherapy

treatment without additional patient transportation.

The average photon energy of the iridium-192 source is

over 300 keV and makes the situation with regard to

radiation protection completely different from permanent

implants where iodine-125 and palladium-103 seeds are

used with a photon energy less than 30 kV. From the nursing

point of view the main difference is, that seeds remain in the

body of the patient, while temporary BT patients do not

carry any activity outside the treatment room.

5.4. The clinical team

HDR brachytherapy needs an experienced team to

perform treatment planning and delivery, and to control

all issues necessary for a successful clinical treatment The

interdisciplinary team should be experienced in prostate

interventional procedures, in TRUS (urologist, radiologist,

or radiation oncologist), and in interstitial HDR brachyther-

apy and should in principle consist of a radiotherapist, a

urologist, and a medical physicist. The urologist should

evaluate the urological status (clinical tumour stage,

prostate volume, IPSS, urinary flow and residual urine
volume) and exclude together with the radiation oncologist

contraindications for transperineal TRUS guided bra-

chytherapy. These findings need to be discussed within

the interdisciplinary team. Documentation of the bra-

chytherapy treatment must be performed according to

national standards. It is helpful, by starting with this special

treatment modality to have a radiotherapist experienced in

prostate temporary brachytherapy, on-site during the first

3–5 implant procedures. In addition, a centre or courses on

TRUS and/or brachytherapy should have been visited.
6. Implant procedure

6.1. Treatment planning

Temporary BT by using a stepping source offers the

possibility to deliver a high boost dose to a well defined

volume with high precision and a rapid decrease of dose to

nearby critical structures, which are transprostatic urethra,

rectal wall and bladder base/bladder outlet. Transprostatic

urethra is visible (for example, with a Foley catheter placed

into the bladder) on TRUS images, rectal wall will be

defined as the muscle layer outside the mucosa. Since there

are different both critical structures (urethra) and target

areas within the prostate, it seems to be advisory to define

different planning target volumes (PTV) within this organ

[10,25,53]. The detectable tumour and the peripheral zone

represent the regions with the highest tumour load, whereas

the transitional zone and the central zone usually have a

much lower tumour infiltration rate.

The prostate clinical target volume (prostate CTV 1) will

be represented by the whole prostate gland visible on 5 mm

separated TRUS images, often without safety margins,

‘prostate surface’ (Figs. 1–4). There are different target and

treatment philosophies in literature: for the whole gland

(CTV 1) some groups apply a homogenous needle

distribution using inter needle spacing of 10–15 and 5 mm

space from the prostate circumference followed by planned

hot-spots in visible tumour infiltration areas (tumor CTV 3),

as well as well-placed low-dose areas according to critical

structures [10,53]. Other groups use the same homogenous

needle distribution within the prostate gland and a

homogenous dose distribution [20] and CT based post-

implant planning containing ‘hot’ areas [22,29] without

relation to a specific intraprostatatic CTV (Figs. 2 and 3).

Finally, some groups use a low number of needles (mean 8)

placed into the peripheral zone, which is the most frequent

place of tumour origin and indicate beside the whole

prostate CTV 1 a CTV related to the peripheral zone (CTV

2) [25] (Fig. 1). Independent from the geometry and number

of inserted needles the fraction dose on the prostate surface

(CTV 1) is very similar in the majority of groups: 6–10 Gy

(range 3–10). Due to the planned inhomogenities, the

isodose encompassing visible tumour infiltration areas

(CTV 3) and the peripheral zone (CTV 2) may differ



Fig. 1. Needle (source) positioning (A)—low number of needles; target is

the peripheral zone. U, course of the transprostatic urethra (critical organ);

CTV2, peripheral zone, representing the border of the anatomical region in

the prostate with highest tumour load; N, planned needle positions; CTV1,

capsule of the prostate, representing the border of the prostate as clinical

target.

Fig. 3. Typical dose distribution using high number of needles (see Fig. 2).

D, prescribed dose for CTV 1 (100%); CTV1, prostate gland as target; N,

needles; (Courtesy of G. Edmundson, William Beaumont Hospital, Royal

Oak, Michigan, USA).
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considerably depending on the technique applied: it is, e.g.

15–20 Gy per fraction in Fig.4 (w200% of the dose in

CTV 1) and !125% in Fig. 3.

Since no remarkable differences in both reported out-

come and side effects have been reported so far between

different treatment planning philosophies if similar risk

groups are compared, the importance of these target dose
Fig. 2. Needle (source) positioning (b)—high number of needles; target is

the prostate capsule. U, course of the transprostatic urethra (critical organ);

CTV1, (whole prostate gland as clinical target; N, planned needle positions;

(Courtesy of G. Edmundson, William Beaumont Hospital, Royal Oak,

Michigan, USA).
inhomogeneities is not yet well understood. Regarding

fraction size in a dedicated target recent radiobiological

findings (low alpha/beta for prostate cancer) suggest

that hypofractionation in HDR may have its opportunities

for widening the therapeutic window, but also has its

limits [63].

Urethral doses!10 Gy/fraction and rectal doses!6 Gy/-

fraction are well tolerable at a certain point or in a limited

volume, which should be precisely stated. They have to be

kept within the accepted overall tolerance levels of these

organs [10,20,25,50,53]. It is advisory to keep the maximal
Fig. 4. Typical dose distribution using low number of needles (see Fig. 1).

D, reference isodose (15 Gy); CTV1, capsule of the prostate, representing

the border of the prostate as clinical target; CTV2, peripheral zone,

representing the border of the anatomical region in the prostate with highest

tumour load; D1, prescribed dose for CTV1 (10 Gy); D2, prescribed dose

for CTV2 (15 Gy); U, marked urethra; N, needles.
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urethral dose per fraction under 120% of the MTD [53].

There are no literature data on temporary BT-induced

erectal dysfunction, but in permanent brachytherapy the

radiation dose delivered to 50% to the bulb of the penis is

recommended to be !50 Gy to minimise post-treatment

potency impairment [54]. Evaluation of potency rate related

to bulb dose in combined EBRTCtemporary BT is

necessary in cohorts with long follow-up (min. 10 years).

Treatment planning can be performed as pre-planning

some days before implantation or as intra-operative on-line

planning in the operation theatre or as a CT—based post-

implant procedure. However, on-line planning seems to be

advantageous in terms of patient comfort. A treatment

planning system has to be available, which has been

appropriately tested before first application. As mentioned

above, there are different methods of applied needle

geometry and target dose homogeneity, as well as

differences in target definition [4,10,20,38,39,49,53].

Beside the prostate capsule (CTV 1) the peripheral zone

should be delineated (CTV 2) and, if possible, regions

infiltrated by macroscopic tumour (CTV 3) as these seem to

be the most important boost target volumes inside the

prostate. For pre-treatment planning purposes, the patient

has to be in a lithotomy position identical to that used for the

implant procedure. Axial TRUS images in steps of 5 mm

distance from base to apex of prostate using the stepping

unit are necessary, nowadays supplemented by coronal and

sagittal views. The co-ordinates of the template appear on

each section and this can be used as imaging basis for the 3D

pre-treatment planning procedure defining the coordinates

of the needles and the source dwell times and source

positions. In treatment situation, identical position of patient

and prostate has to be achieved. In case of relevant

deviations (on-line) corrections can be performed. The use

of a stepping source and inactive guide needles in

afterloading technique allow for planning needle positions

and dwell times dependent on the specific demands with the

needles in place. If there is, for example, macroscopic

infiltration of the latero-posterior capsule left a higher dose

may be applied in this area by prolonging dwell times or

increasing dwell locations. This will result in a higher dose

in this area (CTV 3 for GTV) by increasing the high-dose

volume around one or more needles (‘boost-in-boost

strategy’).

The physicist/dosimetrist and radiation therapist calcu-

late the dwell times and dwell positions for each needle to

provide an appropriate dose distribution for the CTV(s) with

lower doses to the urethra, bladder base and rectal wall.

Placement of needles first to peripheral locations is

advocated. The use of on-line treatment planning and later

placement of further needles according to the actualised

dosimetry data was introduced by some of the temporary BT

groups. Consequent use of intra-operative on-line treatment

planning resulted in a significant reduction of the operator

dependence and led to a higher uniformity of treatment

plans [22].
6.2. Needle application

For the application of needles, general or spinal

anaesthesia is needed. The patient is placed in lithotomy

position and a Foley catheter is placed into the urinary

bladder. If a pre-planning method is used, the position of the

patient and the template position should reproduce the

positioning identical to the pre-plan images. Contrast

medium gives visualisation of the bladder on fluoroscopy.

The sonography unit with its first plane at the base of the

prostate is in the planned position of the needle tips. The

needles are inserted transperineally under direct sono-

graphic control. If the needle tip position deviates more than

3 mm compared to the pre-planning coordinates on the

template, on-site planning has to be performed according to

the new needle coordinates. After completing the implant, if

in vivo dosimetry is to be performed, positioning of the in

vivo dosimetry catheters into the transprostatic urethra and

the rectum follows under fluoroscopy control. Orthogonal

radiographs of the implant are recommended for documen-

tation purposes. In the procedure of needle placement it is

important to know, that usually the first source position is

2.5 mm backwards from the tip of the needle. With deflating

the water balloon of the probe, or extraction of the motor

unit of the TURS device one can achieve additional distance

between the basal needle line and the rectal mucosa

resulting in a lower rectal dose as seen on US. Performing

the active phase of the treatment not immediately after the

implantation procedure, regular control of needle geometry

(e.g. X-rays) and, if necessary, modifications in dosimetry is

recommended before each fraction. After completing the

treatment, the needles and the dosimetry devices can be

removed, followed by tamponation/compression of the

perineal region. After 6–8 h, the Foley catheter can be

removed.

6.3. Brachytherapy dose and fractionation

It is recommended that adequate information be recorded

to give a consistent description of dose and fractionation in

the implant. Different fractionation schemes with different

target volumes (prostate capsule, peripheral zone, TRUS

visible tumour volume) are reported in literature (Table 3).

The most common prescribed temporary BT fraction doses

covering the whole prostate are 6–10 Gy per fraction (range

3–10) to the prostate surface with a total brachytherapy dose

of 12–20 Gy in 2–4 fractions combined with a conventional

fractionated EBRT of 45–54 Gy, applied in 6–7 weeks. For

the peripheral zone prescribed doses go up to 15–20 Gy per

fraction. Due to different application techniques, e.g., a new

implantation procedure for each fraction or one implant and

fractionated loading of needles, the reported inter-fraction

times vary from a few hours to 14 days in literature. This

interfraction time and the overall treatment time should be

clearly stated although the clinical relevance of this

differences is unknown due to lack of prospective trials



Table 3

Prostate target dose variations in temporary BT of localised prostate cancer

EBRT #BT fx Gy/fx Target

Borghede et al. [9] 50 2 15 Tumor volume

(CTV3)

Dinges et al. [20] 45 2 10 Prostate capsule

(CTV1)

Kovács et al. [39] 40/50 2 15 Peripheral zone

(CTV2)

Martinez et al. [49] 45 3 5.5–10.5 Prostate capsule

(CTV1)

Mate et al. [53] 50.4 4 3–4 Prostate capsule

(CTV1)

Temporary BT, transperineal TRUS guided prostate brachytherapy with a

stepping source; EBRT, external beam radiation dose (Gy); # BT fx,

number of brachytherapy fractions; Gy/fx, dose of one brachytherapy

fraction.
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and to the fact that retrospective studies have not yet shown

any significant differences in outcome. For assessment of

the total biological effect of dose and fractionation the use of

a biological model is recommended [11].
6.4. Recording and reporting EBRTCstepping source

temporary brachytherapy

The ICRU recommendations for recording and reporting

brachytherapy applications should be followed as much as

possible [32]: GTV, CTV, total reference air kerma

(TRAK); description of implantation technique and loading

pattern; prescribed dose (PD) per fraction and total dose,

treated volume (TV), minimum target dose (MTD), mean

central dose (MCD), high-dose volumes (HDV), homogen-

eity index (HI); time dose pattern.

It has to be taken into account that implantation of a

prostate is a procedure covering different targets and

applying different target doses due to zonal anatomy related

differences, possible tumour locations within the prostate

gland and different implantation techniques and loading

patterns used. Therefore, it is advisory to define different

target areas within the gland and to record and report

treatment parameters as outlined above related to the

overall prostate CTV (CTV 1), to the peripheral zone

CTV (CTV 2), and to areas where gross disease is detectable

(CTV 3).

In case of different CTVs inside the prostate the terms

MCD, HI and HDV are not applicable straightforward as

defined by ICRU 58 for one target volume. Reporting

these parameters has then to include a detailed description

of the way the dose points have been positioned to define

the MCD: dose points, e.g. can be different for the

different CTVs.

In addition, parameters which have been proven to be

useful for reporting permanent prostate implants should be

applied as they seem to be valid and reliable and also enable

a better comparison between the different brachytherapy

procedures: D90, D100, V100, V150, V200 [2].
The exclusive use of dose volume histogram (DVH) does

not give enough information on anatomic distribution of

applied dose within the prostate gland as a single target.

Using one target (the prostate gland) and one minimum

target dose, allows only the description of dose on the

surface of the prostate, but does not take into account that

there are significant differences (70–250%) in different

areas of the gland with high or low tumour load.

The dose to organs at risk (bladder base, urethra, rectal

wall) should be part of the report. The dose should be related

to fixed points and/or fixed volumes, even if there is no

general agreement on certain points or fixed volumes at

present. There are, e.g. suggestions to indicate the dose D

(2 cm3) for the most exposed 2 cm3 of rectum or bladder,

and D (0.1 cm3) for the most exposed 0.1 cm3 of the urethra

or D1 for 1% of the contoured prostatic urethra.

The time dose pattern should include:
dose rate and dose per fraction of the target dose

(D100, D90) for CTV 1, CTV 2 and CTV 3,
number and duration of the fractions,
time interval between fractions and the overall time.

The physical absorbed dose should always be reported

but the dose should also be expressed using weighting

factors for different doses per fraction so that an overall total

dose comparable to conventional fractionation can be given.

This information allows intercomparison of different

treatment schedules with regard to their biological efficacy.
6.5. Management of side effects

Common acute side effects after prostate brachytherapy

occurring within 90 days after treatment are perineal pain,

urinary retention, dysuria, cystitis or proctitis. Late side

effects usually result in different grades of proctitis, cystitis,

urethral strictures, incontinence and changes in potency. In

reporting adverse side effects, the RTOG/EORTC score is

commonly used in radiation oncology [61], the IPSS and the

sexual function score in urology. After high quality

treatment the rate of grade 3 late side effects should be

below 5%, which is comparable with results of 3D-

conformal radiotherapy [40,44]. Quality of life (QL) after

transperineal TRUS and template guided prostate bra-

chytherapyCEBRT seems not to be significantly impaired

on the long term [26]. Some significant decreases have been

reported in the first months after permanent brachytherapy

and radical prostatectomy, but not after external beam

treatment. One year after HRQOL scores were not

significantly different from the baseline measurements for

any group [43]. The rate of potency impairment is usually

reported to be around 35–40% in conformal EBRT patients

presented with stable disease, median 31 months after

treatment [44]. Similar rate was observed after temporary

BTCEBRT treatments, however, prospective observations

are needed [26].
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In case of acute low urinary symptoms, alpha-blockers

and non-steroidal anti-inflammatory drugs are helpful.

Temporary post-implant urinary retention is usually due to

post-implant oedema and has to be treated by catheterisa-

tion. Late injury should be treated usually in a

conservative way. Transurethral resection of the prostate

should be avoided at least within 6 months before and in

the first year after the treatment to avoid unnecessary

incontinence [2,31].
6.6. Follow-up

Patients should be seen 6 weeks after completing the

treatment by the radiotherapist and urologist to check the

level of acute reactions. Afterwards, they have to be seen

quarterly for the first year and half-yearly up to 5 years and

then annually. Follow-up should include clinical examin-

ation, history, PSA and record of treatment related side

effects (including status of potency and IPSS) using

validated scoring systems, also a TURS is required.
7. Conclusion

Numerous groups have shown that high quality

treatment planning and performance of temporary HDR

brachytherapy combined with EBRT leads to good

treatment results in patients with localised prostate cancer,

and is particularly recommended for patients with

intermediate and high risk disease. Significant professional

skill and a well functioning co-operation within an

experienced interdisciplinary team are mandatory. Pub-

lished outcome data (5–8 years follow-up) are encoura-

ging and increasingly provided by different groups active

in this field. Due to the natural history of prostate cancer

with slow growth in the majority of cases, however, even

longer follow-up is recommended for final conclusions

(10–15 years).

There is growing consensus on these recommendations

as outlined by the GEC-ESTRO/EAU group which

include patient work up with defined pre-treatment

investigations, patient selection based on individual risk

assessment, contra-indications and potential indications,

preconditions for temporary brachytherapy, implant

procedure with target volume definition, treatment

planning and needle placement and a common language

for recording and reporting treatment. These recommen-

dations should be followed as closely as possible to

ensure a high quality of temporary brachytherapy

treatment and to further evolve this field with rapidly

developing imaging, application, and software technology

and clinical experience. Outcome should be continuously

evaluated within prospective clinical trials and compared

to other treatment modalities based on the parameters as

recommended.
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