Dynamic Intra-Operative Prostate Brachytherapy

(The Potter’s Technique)

Introduction

Brachytherapy is a popular alternative to radical surgery and radiotherapy for many patients with early, localised, prostate cancer. It involves the transperineal placement of radioactive iodine-125 titanium seeds directly into the prostate under ultrasound guidance, and delivers a high dose of radiation to the prostate, 145 Gray (Gy). Many patients experience no immediate morbidity and can work or travel as they please. Brachytherapy has become an attractive option for those seeking to minimise the side-effects associated with other radical treatments.
Brachytherapy techniques – the old and the new

The original technique was introduced in the late 1980s by Drs Grimm and Blasko in Seattle and is popularly known as the ‘Seattle technique’. It is the technique most commonly used in the USA and the UK and has excellent disease-free survival data at 12 years, with outcomes comparable to surgery. This technique involves a ‘two-stage’ procedure requiring two admissions and anaesthetics, the first for a pre-implant planning session, followed 2–4 weeks later by the second at which the implant is carried out. 

Modern brachytherapy techniques use advances in ultrasound imaging, computer hardware and software development to provide implants under real-time ultrasound guidance coupled with a dynamic assessment of the implant. It is now possible to carry out brachytherapy as a single-visit/day-case procedure and to have an immediate assessment of implant quality. 
Dynamic prostate brachytherapy
Louis Potters, of the New York Prostate Institute, developed his intra-operative dynamic approach while working at the Memorial Sloane Kettering Cancer Centre. This is the procedure we have adopted and we have been very fortunate to have had him as our mentor. We have introduced the Potter’s Technique into the United Kingdom and this service started at Guy’s and St Thomas’ Hospital NHS Trust in December 2003. This service has now been extended to the Cromwell Hospital, the programme starting in May 2005.
Our early experience
Over 190 patients have been treated between December 2003 and March 2007. The procedure has been very well tolerated with 96% of patients discharged within 16 hours of the implant. Patients have minimal discomfort, a rapid return to normal activity and can be back at work within a couple of days.

The urinary side-effects take some 3–6 weeks to develop, and in the majority are mild to moderate in severity on symptom scores. Twenty per cent of patients may develop significant urinary side-effects with frequency, dysuria and a poor urinary flow, but these symptoms are helped by alpha-blockers, anti-inflammatories and anticholinergics. The radiation side-effects are predominantly felt within the lower urinary tract and are comparable to the bladder and rectal morbidity felt towards the end of conformal external beam radiation. Symptoms tend to be worse in patients with larger prostates and urinary symptoms, so careful selection is very important. These tend to return to baseline within 9–12 months of the implant.

Urinary continence is excellent, and incontinence does not occur, although there may be some urgency. Only two patient in our series of 180 cases has required long-term catheterisation: one had a very large prostate and has had a successful transurethral resection of the prostate (TURP) 12 months post-implant, he continues to do well; another is less than 6 months post-implant and currently self-catheterises. Four patients have required temporary catheterisation resolving within 10 days of the implant, one of whom has required a limited TURP for persisting outflow symptoms.

Erectile function is excellent when compared to patients having radical nerve-sparing prostatectomy or external beam radiation with hormonal manipulation. Only 20% of patients note some deterioration in erectile function; the majority return to baseline by 9 months. In the long term (years), erectile function may reduce but this can be treated by oral medication.

Dosimetric outcome
It is too early to assess long-term outcome in our own series but the dosimetric analyses indicate that we have achieved good-quality implants on both the intra-operative and post-operative assessments, with at least 90% of the prostate covered by the prescription dose of 145 Gy. A D90 (dose that covers 90% of the prostate volume) of >90% is considered a good-quality implant, it is the brachytherapy equivalent of having organ-confined disease and negative surgical margins at radical prostatectomy and is associated with the best relapse-free survival rates. Our intra-operative D90s have averaged 116% (range 93–133%). The dynamic intra-operative feedback approach has facilitated these excellent dosimetric outcomes from the outset with no learning curve, other than a reduction in operating time.
Long-term follow-up data

Louis Potters has data on 1449 patients for up to 12 years with a median follow-up of 84 months implanted using his real-time approach (the fore-runner of the dynamic approach). 

Patients were stratified into prognostic groups and evaluated for relapse-free survival (RFS):

Low risk
PSA <10 ng/ml, Gleason scorea 6, <T2a
RFS 89%

Intermediate risk
PSA >10 ng/ml, or Gleason score >6, or >T2a/T2b
RFS 78%

High risk
Two of PSA >10 ng/ml, or Gleason score >6, or >T2a/T2b
RFS 63%

aThe Gleason score is a system that scores how aggressive a cancer is on a score of 1 to 10 (see www.prostate-cancer.org.uk/info/tests_grading.asp.

The overall and disease-specific survivals were 72% and 95% respectively. Using the ASTRO  (American Society for Therapeutic Radiology and Oncology) definition of biochemical failure (three PSA rises) the 12-year relapse-free survival was 78% for the entire cohort, (89% for low-risk, 78% for intermediate-risk and 63% for high-risk patients). These data add support to other published studies on brachytherapy as a mono-treatment for prostate cancer, demonstrating a high cure rate, sustained into the second decade of follow-up.

Conclusion

Prostate brachytherapy has long-term data to support its use in the treatment of early localised prostate cancer with relapse-free survival rates of 85% at 10 years – outcomes comparable to surgery. At Guy’s and St Thomas’ NHS Foundation Trust and the Cromwell Hospital we are able to offer a service that encompasses the use of a well-established procedure with experience of the most modern of brachytherapy techniques. The important advantages include a single-visit day-case or overnight approach, the procedure can be adjusted intra-operatively to optimise the implant dosimetry, and continence and erectile function are better preserved than with other radical treatments.

Dynamic prostate brachytherapy in pictures
Patient set-up (10–15 min)
The patient is anaesthetised and placed in the extended dorsal lithotomy position, with transrectal ultrasound used to visualise the prostate and a balloon inflated if required.
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Needle placement (15–20 min)
Needles are placed into the prostate through a template which gives coordinates rather like battleships. As each needle is inserted, its position on the grid is recorded manually.
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The prostate is visualised by the ultrasound while the needles are being inserted. These images are incorporated into the computer screen which is used to plan the implant (20 min).
Image capture and outlining (10–15 min) 
Images of the prostate are ‘captured’ from the base to the apex onto the computer software program, so that the treatment plan can be carried out. Each white flash represents a needle seen in real-time ultrasound.
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The positions of the needles are logged into the computer software as they are placed. The prostate, urethra and rectum are outlined in red, green and blue to produce an accurate 3D interpretation of the patient’s prostatic anatomy.
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Treatment planning and dose optimisation (10–15 min)
Once the computer knows the position of the needles within the prostate, a treatment plan can be generated by the computer software.
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The treatment plan can be adjusted manually to minimise the dose to the urethra and rectum, but maintaining effective coverage of the prostate to the dose of 145 Gy (10–15 min).
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Insertion of seeds (25–45 min)

Once the needle has been placed into the correct position according to the treatment plan, a very precise surgical instrument, the Mick applicator is used to push the seeds into position. Each cartridge contains 15 seeds and we implant between 50 and 105 seeds depending on the size of the prostate. 
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Seeds are placed under real-time ultrasound guidance with careful visualisation of the seed position relative to the prostate, and provide a dynamic assessment of the dose delivered.
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3D image of implant
Final 3D dosimetry showing the prostate encompassed by the radiation cloud: 
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An X-ray view of the implant with seeds in place is shown below. These are painless and over 6 months become inert.
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Discharge
Patients have no catheter after the procedure, little in the way of bleeding and surprisingly little in the way of discomfort. Patients treated in the morning usually go home in the afternoon. They can return to normal activity almost immediately; it takes some weeks for effects of the radiation to begin to make themselves apparent. These are generally controlled by simple medication such as alpha-blockers to relax the neck of the bladder and a high clear fluid intake, avoiding caffeine. Patients are monitored by serial PSA blood tests to assess their response to treatment.
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