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Summary
In November 2006 the Department of Health (DH) issued a document entitled Advice on the Development of Permanent Seed Implant Brachytherapy Services (Low Dose Brachytherapy) for Localised Prostate Cancer in England.1
In the same month, the National Institute for Health and Clinical Excellence (NICE) issued the Interventional Procedure Guidance 132: Low Dose Brachytherapy for Localized Prostate Cancer.2
Most of the rationale for this executive report has been drawn from the two documents cited above and addresses the recommendations and anticipated growth in brachytherapy services outlined by the DH.
This report recommends that it would be most effective to concentrate efforts on, and commission services from the restricted number of centres that are already up and running and undertaking 25+ procedures per year, and to develop the highest-quality services in these centres. It is felt that the 10+ centres currently undertaking this level of brachytherapy would be able to meet the increased service levels outlined in the DH advice document and could meet patient care needs regardless of geographic location.
Prostate cancer overview
Prostate cancer is one of the most common cancers in men, accounting for about 29,500 new cases diagnosed in England in 2004. It is also the second commonest cause of male cancer death, with around 8500 deaths annually in England. It tends to affect older men, with the risk rising with age. It is not a single disease entity but comprises a number of different forms, ranging from a small incidental tumour found on biopsy, which may or may not cause any symptoms or shorten life, right through to life-threatening metastatic prostate cancer.

Treatment options for men with localised, early disease

The prognosis for prostate cancer is variable and depends on the grade and stage of the tumour. The American Cancer Society estimate that 98% of men survive at least 5 years, 84% survive at least 10 years, and 56% survive at least 15 years.

Comparative figures from Cancer Research UK estimate survival to be 80%, 61%, and 49% at these times respectively. Treatment options depend on the stage of the cancer.

Current treatments for early, localised prostate cancer (T1 to T2 tumours) include active monitoring (AM or watchful waiting), radiotherapy – usually administered by radiation therapy either external beam or brachytherapy. Metastatic prostate cancer is usually treated with hormone therapy.

Usually the choice amongst these various treatments is very much based on patient preference.
What is brachytherapy?

Brachytherapy is a form of radiotherapy in which delivery of radiation is targeted directly to the prostate gland through the implantation of small radioactive pellets (called seeds) within the gland itself.

Under a general or spinal anaesthetic and ultrasound control, needles are inserted through the skin of the perineum, delivering the seeds which are left in place permanently.

Permanent seed implants involve inserting around 50 to 100 radioactive seeds into the prostate gland. The seeds give off radiation at a low dose over several weeks. Low-dose-rate brachytherapy may be used as a single therapy (monotherapy) or in some cases in combination with external beam radiation (EBRT).

Pros and cons of brachytherapy
The great advantage of brachytherapy compared with other forms of radiotherapy for the patient is the convenience and immediate convalescence. It requires only one or two short general anaesthetics and only three to four visits to hospital, as compared with EBRT, which requires more than 32 separate treatments. Many patients are able to return to work or normal activity within a few days. The side-effect profile is similar to external beam treatment in general terms, but there are more urinary symptoms with brachytherapy and fewer bowel and general symptoms. The long-term effectiveness and side-effect profile appear to be similar to external beam treatments.

The Department of Health Consultation Document states the following as reasons for its advice on the development of brachytherapy services:
1. Prostate cancer is now the most common cancer in men in England.

2. With an ageing population, an increased public awareness of symptoms and increased use of the Prostate Specific Antigen (PSA) blood test, it is likely that there will be more cases of prostate cancer picked up at an early stage (localised). Choice of treatment is influenced by a number of factors including the stage of the disease, general health status and co-morbidity of the patient, as well as patient choice. However, as the NICE guidance on Improving Outcomes in Urological Cancers noted, there is no consensus on the optimum form of management for patients with early prostate cancer.

3. The role of brachytherapy is expected to increase as a result of earlier diagnosis and patient choice. This form of treatment is likely to be particularly attractive to patients as it removes the need for major surgery and is thought to result in similar, and possibly lower, levels of unwanted side effects such as incontinence and impotence. In addition, early indications are that long term results are as good as for surgery.

4. NICE has been commissioned to produce a clinical guideline on the diagnosis and treatment of prostate cancer. This will address the main treatment modalities for prostate cancer, including brachytherapy, and consider its use in relation to other treatment options for prostate cancer. This should provide some clarity about the optimum form of management for prostate cancer patients. However, these guidelines are not expected to be published until 2008.3
5. In the meantime, the speed, convenience, favourable toxicity and effectiveness of brachytherapy is leading to increased demand from patients for this form of treatment in advance of the clinical guideline being available. In addition, on 27 July 2005 NICE published Interventional Procedure Guidance 132 on low-dose-rate brachytherapy for localised prostate cancer, recommending that it is safe and efficacious enough for routine use in the NHS.

6. NICE’s recommendations are likely to lead to even more demand for this procedure from patients. There is therefore a danger of unplanned growth in service provision to meet this demand that might result in:

a) service development in areas where the caseload is not sufficient to build up the expertise for the team or individuals needed to ensure optimal outcomes for patients (i.e. relatively small departments in relatively close proximity to each other, all planning to offer this service may be unable to maintain expertise with the resulting risk of morbidity and treatment failure and implications for education and training)

b) inequalities in access to this treatment (i.e. it is more likely to be introduced in areas with high patient demand – these are likely to be more affluent areas with a more informed patient base).
Overview of technique, patient selection and clinical results

Technique for iodine I-125 seed implantation
1. Diagnosis of cancer is confirmed by prostate biopsy.

2. TRUS (trans-rectal ultrasound) is used to produce a volume study of the prostate gland. Special dedicated software has been developed for modelling the procedure based on the volume study in such a way that the prescribed dose is delivered to the whole gland by calculating a combination of seed number, seed position and seed activity. This step is called pre-implant dosimetry.
3. Pre-implant dosimetry is used to determine the number of seeds, their location and activity. The seeds are then ordered for the implant, with a lead time of approximately seven days. In some cases the pre-implant dosimetry may be done at the same time as the implant in a single session with pre-ordered seeds.
4. The procedure may be conducted under regional or general anaesthesia with the patient placed in the dorsal lithotomy position.

5. The seeds are implanted in accordance with the seed plan under direct ultrasound guidance. There are a number of approaches to timing of planning and seed deposition that are beyond the scope of this proposal but may be reviewed in the American Brachytherapy Society recommendations.4
6. Post-operative care involves the re-insertion of a Foley catheter. Most patients go home the day after the procedure, with a Foley catheter, but some leave hospital as soon as they have recovered from the anaesthetic.

7. Follow-up usually starts 4 to 6 weeks after the implant with a routine computed tomography (CT) scan to monitor the quality of the positioning of the implants. After that the patient is followed up by an appointment every 3 months for the first year and by 6-monthly visits for the next 4 years to check treatment progress – largely by means of monitoring PSA level. After five years, progress is then reviewed annually by PSA test
Patient selection for prostate seed implants

NICE guidance

Current evidence on the safety and short- to medium-term efficacy of low dose rate brachytherapy for localised prostate cancer appears adequate to support the use of this procedure, provided that the normal arrangements are in place for consent, audit and clinical governance.

Treatment options for prostate cancer depend on whether the disease is localised to the prostate gland. Current management options for localised prostate cancer include radiotherapy, radical prostatectomy and ‘watchful waiting’. Radiation therapy can take the form of external beam radiotherapy or brachytherapy.
Brachytherapy may be given at either low or high dose rates. Low dose rate brachytherapy may be used alone (monotherapy) or in combination with external-beam radiotherapy.2
The EAU/ESTRO/EORTC (European Association of Urology/European Society for Therapeutic Radiology and Oncology/European Organisation for Research and treatment of Cancer) guidelines published in 2000, gave the following patient-selection criteria for brachytherapy monotherapy (Table 1). It should be noted that the risk groups described in the European guidelines (do well, fair and do poorly) correspond to the low‑, intermediate- and high-risk groups described in the most US papers.

	Table 1
Indication for prostate brachytherapy monotherapy5

	
	Recommended

Do well
	Optional

Fair
	Investigational

Do poorly

	PSA (ng/ml)
	<10
	10–20
	>20

	Gleason score
	5–6
	7
	8–10

	Stage
	T1c–T2a
	T2b–T2c
	T3

	IPSSa
	0–8
	9–19
	>20

	Prostate volume (g)
	<40
	40–60
	>60

	Qmax ml/sb
	>15
	15–10
	<10

	Residual volume (ml)
	
	
	>200


aIPSS: International Prostate Symptom Score.

bQmax: urinary flow rate.
Clinical results
Results from various studies of the success of brachytherapy are given in the tables below.

	Table 2
Low-/intermediate-risk patients treated with brachytherapy monotherapy

	Series 
	Year
	No of patients
	Failure definition
	Follow-up years
	PSA progression-free survival (%) 

	Khaksar et al.6

	2006
	300
	ASTROa
	5
	93

	Potters et al.7
	2005
	1449
	ASTRO
	12
	81

	Joseph et al.8

	2004
	667
	ASTRO
	8
	75

	Battermann et al.9
	2004
	351
	ASTRO
	13
	72



	Beyer et al.10

	2003
	551
	ASTRO
	10
	98

	Grimm et al.11
	2001
	125
	ASTRO modified
	10
	87


aASTRO: American Society for Therapeutic Radiology and Oncology. The ASTRO definition of biochemical PSA failure as a surrogate endpoint for recurrence is three rises of PSA before a failure is declared.12
	Table 3
Ten-year cause-specific survival: comparison of radical prostatectomy (RP) vs seeds10

	Series
	Year
	Treatment
	All (%)
	Low-grade (%)
	Intermediate-grade (%)

	Zinke
	1994
	RP
	90
	95
	90

	Iselin
	1999
	RP
	
	87
	85

	Hull
	2000
	RP
	97
	
	

	Gerber
	1996
	RP
	85
	94
	80

	Beyer
	2003
	Seeds
	87
	91
	92


	Table 4
PSA progression-free survival for patients with intermediate-/high-risk prostate cancer treated with seed implant/external beam radiotherapy (EBRT) combined treatment

	Series
	Year
	No of patients
	PSA failure definition
	Follow-up years
	PSA progression-free survival intermediate/high (%)

	 Sylvester et al.13
	2007
	223
	ASTRO modified to 2 rises
	15
	80

67

	Critz and Levinson14
	2004
	1469
	PSA <0.2ng/ml
	10
	80

61

	Merrick et al.15
	2004
	46
	ASTRO
	7
	–

84

	Stock et al.16
	2004
	132
	ASTRO


	5
	85

76


Quality of life and cost outcomes
Interstitial brachytherapy and radical prostatectomy are effective treatments for localised prostate cancer with similar cost profiles, but different long-term side-effects.
A recently published French multicentre study involved 435 men with localised disease who were treated with brachytherapy or prostatectomy and completed quality-of-life and symptom questionnaires immediately after treatment and at 2, 6, 12, 18, and 24 months.17 A comparative cost analysis, which covered initial therapy, hospital follow-up, outpatient and production loss costs, was also performed.
The drop in health-related quality of life immediately after treatment was less pronounced in the brachytherapy group compared with the prostatectomy group (P < 0.0001). However, from 6 to 24 months, prostatectomy was associated with a better quality of life (P < 0.05).
Impotence and urinary incontinence were more likely with prostatectomy, whereas urinary frequency, urgency, and pain were more common with brachytherapy. As noted, the costs of each treatment were comparable at 24 months – 8019 Euros for brachytherapy and 8715 Euros for prostatectomy.
The findings of this research are supported by a second recently published study from the US, which tracked costs over time, optimising the accuracy of the cost of illness and cost-effectiveness analysis performed (Table 5).18
Table 5
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Implementation

Facilities/equipment needed to provide brachytherapy

Brachytherapy can only be performed in a suitable area at a centre licensed to handle radioactive material. The room in which the radioactive material is handled has to be specially designated for this purpose. Oncologists responsible for the treatment, along with the supporting facilities are regulated under the Medicines (Administration of Radioactive Substances) Regulations Act 1978. In practice this means that brachytherapy can only take place at one of the 51 radiotherapy centres in England, or in private centres specifically registered for this purpose.

To achieve high-quality implants, image-guided placement of the implants is essential. The minimum requirements are:
a) interactive transrectal ultrasound with template software
b) a stepping unit
c) seed-planning/dosimetry software
d) shielded needle holder and templates
e) disposables such as seeds and stabilisation and implant needles.
The surgical team should also have access to anaesthesia and sterilisation facilities.

Workforce needed to deliver a brachytherapy service

NICE’s interventional overview on low-dose-rate (LDR) brachytherapy recommends that brachytherapy should be planned and performed by a multidisciplinary team. The team is usually composed of:
· urologist and/or radiologist
· clinical oncologist
· physics support staff

· anaesthetist
· nurse co-ordinator – a multifaceted role that includes counselling of patients, co-ordination of implant, education of staff and care of patients thereafter.

Such a team will need a number of skills and competencies to achieve satisfactory brachytherapy including:
a) expertise in prostate ultrasound for planning and treatment

b) brachytherapy dosimetry and treatment planning.
Estimated cost of introducing and running a brachytherapy service

The capital costs of setting up a seed implant programme (at 2005 prices) are likely to be around £85,000 to £95,000.
This would include:
a) transrectal ultrasound machine with probe suitable for brachytherapy (not all machines are suitable): £45,000 to £50,000

b) software programme for seed planning/dosimetry: £25,000
c) stepping unit:
 £15,000 to £20,000

d) shielded needle holder and templates: £500 to £600.
The revenue costs of setting up a seed implant programme include:
a) disposable (consumable) costs – these may vary a little but are essentially fixed per patient. They are estimated at around:

i. iodine seeds: £3000 per patient

ii. implant needles: £200 per patient

b) service contracts on equipment

c) staff costs.
In a systematic review published in 2003 by the NHS R&D HTA programme, the total costs of providing brachytherapy to 50 patients per annum were calculated.19 The total brachytherapy costs per patient were £5556 for an inpatient and £5504 for a day-case patient.
It is important to note that if a patient were not receiving LDR brachytherapy they would almost certainly be receiving another form of radical treatment, probably prostatectomy or radical radiotherapy of equivalent cost. Active surveillance for patients with low-risk disease represents a real alternative but is unlikely to be chosen by patients seeking a radical intervention. It should also be noted that provision of brachytherapy may provide some scope to free up LINAC (linear accelerator) time for use on other cancer patients. It might also provide some cost savings in terms of a reduction in hospital and operating costs, and possibly reduced complications compared to standard external beam radiation treatment, but this has not been proven.1
Achieving Department of Health recommendations
In order to meet DH recommendations and service levels for the commissioning and provision of brachytherapy, the following options exist:

· support the development of brachytherapy services and provision of care at radiotherapy centres not currently offering this service (costs associated with this are outlined above)

· provide support to the 20 plus centres that are currently offering BT to improve their expertise/provision of brachytherapy services

· discourage unrestricted growth in the number of centres offering brachytherapy but focus instead on the quality of treatment where most of the expertise is currently found (i.e. those 10+ centres undertaking more than 25 procedures per year). This could mean referring patients to centres in different geographic locations based on the level of expertise found in different areas, and the quality of services provided.

The DH advice also highlights the importance of planning for the level of brachytherapy services that is likely to be needed in 5 years’ time, which might be 4000 procedures per year. This would mean some centres undertaking more than 50 brachytherapy procedures per year.

In order to best implement the DH advice and meet future service levels, the Prostate Brachytherapy Advisory Group (www.prostatebrachytherapyinfo.net) recommends that it would be most effective to concentrate efforts on and commission services from the restricted number of centres that are already up and running and undertaking 25+ procedures per year, and to develop the highest-quality services in these centres. It is felt that these 10+ centres would be able to meet the increase service levels outlined by the DH.
Figure 1
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Leeds 177
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Christie 108 
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Quality assurance (including audit of outcomes)

The Department of Health, NICE and the ESTRO/EAU/EORTC recommendations recognise the importance of measuring implant quality and post-implant dosimetry (which requires access to CT scanning) from the outset, so that the team can learn quickly from experience how to achieve consistent implant quality.
To do this the following relevant information on patients’ cases should be collected:
a) volume implanted

b) number of seeds

c) number of needles used

d) total activity implanted

e) prescribed dose

f) D90 (dose that covers 90% of the prostate volume as defined from post-implant imaging)

g) V100 (percentage of the prostate volume that has received the prescribed dose)

h) V150 (volume that has received 50% more than the prescribed dose).
This information may be used to carry out local audits on:
a) patient selection

b) radiotherapy planning parameters

c) cancer control

d) outcomes including urinary sexual and bowel functions.
If all centres collected this information it would also be possible to have a national clinical audit looking at comparisons such as:
a) patient selection and treatment outcomes in existing and new centres in England

b) patient selection with agreed European and American guidelines

c) UK implant quality based on defined planning parameters for prostate brachytherapy with European and American guidelines

d) initial morbidity (in terms of urinary, sexual and bowel functions) in an English population with those quoted in literature

e) comparison of biochemical outcome in the population of England with those quoted in the literature

Training and development recommendations
1. The team should participate in a brachytherapy training course and attend at least one implantation procedure before starting their own programme.
2. Members of the team should have a mentor (someone experienced at prostate brachytherapy) present during the first one or two procedures.
3. the team should be offered continuing medical education (CME) in brachytherapy with another service with high volume of brachytherapy.
4. Clinical oncologists, radiographers and physicists with a designated interest in brachytherapy should be encouraged and adequately resourced to attend educational courses and meetings on brachytherapy as part of a co-coordinated programme of continuing professional development.
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