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Abstract

Aims: This audit provides a comprehensive overview of UK prostate brachytherapy practice in the year 2012, measured against existing standards, immediately
before the introduction of new Royal College of Radiologists (RCR) guidelines. This audit allows comparison with European and North American brachytherapy
practice and for the impact of the RCR 2012 guidelines to be assessed in the future.
Materials and methods: A web-based data collection tool was developed by the RCR Clinical Audit Committee and sent to audit leads at all cancer centres in the
UK. Standards were developed based on available guidelines in use at the start of 2012 covering case mix and dosimetry. Further questions were included to
reflect areas of anticipated change with the implementation of the 2012 guidelines. Audit findings were compared with similar audits of practice in Europe, the
USA and Latin America.
Results: Forty-nine of 59 cancer centres submitted data. Twenty-nine centres reported carrying out prostate brachytherapy; of these, 25 (86%) provided data
regarding the number of implants, staffing, dosimetry, medication and anaesthesia and follow-up. Audit standards achieved excellent compliance in most areas,
although were low in post-implant dosimetry and in post-implant scanning at 30 days.
Conclusion: This audit provides a comprehensive picture of prostate brachytherapy in the UK in 2012. Patterns of care of prostate brachytherapy are similar to
practice in the USA and Europe. The number of prostate brachytherapy implants carried out in the UK has grown significantly since a previous RCR audit in 2005
and it is important that centres maintain minimum numbers of cases to ensure that experience can be maintained and compliance to guidelines achieved.
� 2015 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

From the inception of modern prostate brachytherapy in
the 1980s [1] it has become an established treatment mo-
dality for a variety of prostate cancers. It can be used as sole
therapy, as a boost after external beam radiotherapy [2e4]
or as salvage treatment when conventional external beam
radiotherapy has failed to provide local control. Prostate
brachytherapy can be delivered using very low dose rate
(vLDR) isotopes permanently implanted into the prostate or
Author for correspondence: A.J. Stewart, St Luke’s Cancer Centre, Royal
Surrey County Hospital, Egerton Rd, Guildford GU2 7XX, UK. Tel: þ44-1483-
571122; Fax: þ44-1483-464876.

E-mail address: Alexandra.stewart@nhs.net (A.J. Stewart).

http://dx.doi.org/10.1016/j.clon.2015.02.005
0936-6555/� 2015 The Royal College of Radiologists. Published by Elsevier Ltd.
temporary high dose rate (HDR) implants. A retrospective
case-matched review [5] has shown that brachytherapy
provides similar rates of control to radical prostatectomy in
early prostate cancer with differing toxicity profiles. This is
important in an era where patient choice is more prevalent
than ever before and when more hospitals in the UK are
delivering prostate brachytherapy as a treatment option.

The Royal College of Radiologists (RCR) audited the pattern
of general brachytherapy uptake in the UK in 2005 [6]. This
gave an overview of centres providing prostate brachyther-
apy, but did not provide details about standards of care. In
2007 simple recommendations were issued by the RCR for
the population covered and the minimum number of im-
plants carried out by each centre per annum [6]. In December
2012, the RCR in associationwith the UK and Ireland Prostate
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Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:Alexandra.stewart@nhs.net
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clon.2015.02.005&domain=pdf
www.sciencedirect.com/science/journal/09366555
http://www.clinicaloncologyonline.net
http://dx.doi.org/10.1016/j.clon.2015.02.005
http://dx.doi.org/10.1016/j.clon.2015.02.005
http://dx.doi.org/10.1016/j.clon.2015.02.005


Table 1
Audit standards and targets for indicators

Standard
number

Recommendations Indicators % standard achieved

1 Each department should carry
out at least 25 cases/year [3]

Percentage of departments that carry out
at least 25 cases/year (target ¼ 100%)

100% (25/25)

2 Each clinical oncologist should carry
out at least five cases/year [3]

Percentage of clinical oncologists who carry
out at least five cases/year (target ¼ 100%)

95% (56/59)

3 Dose prescribed for vLDR should be
145 Gy for monotherapy and 110 Gy
for boosts [7,8]

Percentage of departments in which dose
prescribed for vLDR is 145 Gy for monotherapy
and 110 Gy for boosts (target ¼ 100%)

95% monotherapy (21/22)
100% boost (22/22)

4 PID should be carried out [5e7] Percentage of departments in which PID is
carried out (target ¼ 95%)

95% (21/22)
77% routinely (17/22)

5 PID should be carried out at day 30 [6] Percentage of departments in which PID is
carried out at day 30 (target ¼ 90%)

32%
(7/22)

6 The dose to organs at risk should be
assessed [5,6]

Percentage of departments in which organs at
risk are contoured (target ¼ 90%)

95% 1 þ organ (21/22)
32% 2 þ organs (7/22)

vLDR, very low dose rate; PID, post-implant dosimetry.

A.J. Stewart et al. / Clinical Oncology 27 (2015) 330e336 331
Brachytherapy Group published detailed guidelines encom-
passing patient selection, treatment guidelines and dosi-
metric parameters for vLDR brachytherapy. This comprised
the first national treatment standards for prostate brachy-
therapy in the UK and Ireland [7]. European guidelines for
prostate HDR brachytherapy were issued by the Groupe
European Curietherapy/European Society of Therapeutic Ra-
diation Oncology-European Association of Urology (GEC/
ESTRO-EAU) Prostate Brachytherapy Group (PROBATE) in
2005 and updated in 2013 [8]. The American Brachytherapy
Society (ABS) also published consensus guidelines in 2012
that covered vLDR implants [9] and HDR implants [10].

The aim of this audit was to provide an overview of UK
prostate brachytherapy practice immediately after the
publication of the RCR and GEC/ESTRO guidelines and to
establish a baseline against which the effect of the imple-
mentation of these guidelines can be measured. This audit
also allows comparisons with other similar audits of prac-
tice in Europe, the USA and Latin America to be made.
Materials and Methods

The RCR is a UK-based society for members and fellows
withnogovernmentalaffiliation.Eachcancercentreacross the
UKhas a nominated audit leadwithin the department. As part
of this prostate brachytherapy audit, all departmental audit
leads were contacted by e-mail and invited to participate.
Table 2
Data from centres that do not carry out prostate brachytherapy

Did not refer elsewhere for brachytherapy
Refer elsewhere for brachytherapy
Offer a choice of brachytherapy centres
Mean distance travelled from referral centre to brachytherapy centre
Reasons not to offer a choice
Data were submitted on a web-based SurveyMonkey ques-
tionnaire. Follow-up contacts (reminders) were sent to audit
leads and prostate brachytherapy leads at non-participating
centres. It was anticipated that the audit would be
completed by a clinical oncologist or a physicist. The study
population consisted of patients undergoing prostate
brachytherapy in the UK during the calendar year 2012. No
individual patient data were collected. The questionnaire had
been piloted by a busy vLDR centre and a busy HDR/vLDR
centre andmodifications for clarityweremade before general
circulation. Potential data entry errors were queried with
submitting centres.

An audit standard is a specification of an outcome of
clinical care which performance can be measured against. A
target is set with the anticipated level of compliance. The
standard may be based on published data or on an aspira-
tional target. Bias could be introduced, particularly when an
aspirational target is set. The RCR Clinical Oncology Audit
Committee review relevant literature and adopt a standard
that is felt to be achievable in everyday clinical practice and
is considered reasonable by the committee. The targets and
indicators used for the audit were derived from national
and international data that were available at the start of
January 2012, the year of data collection [6,11e14]. Other
data items were collected to reflect changes regarding ser-
vice provision and dosimetric or practice variables covered
by the new RCR guidelines [7]. The standards with in-
dicators and target compliance are presented in Table 1.
1
19
47%
56 miles Range 15e150 miles
Local guidance 4
Physician preference 4
Local patient preference 1
Longstanding referral pattern 1
Good transport links 1
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Results

Data were returned by 49 institutions out of a total of 59
(83%) National Health Service radiotherapy centres in the
UK. Twenty institutions did not carry out prostate brachy-
therapy. Table 2 details what provisions are made, if any, for
patients suitable for brachytherapy from these centres.

Twenty-nine centres responded saying they carry out
prostate brachytherapy. Four institutions returned a sub-
mission saying they provided prostate brachytherapy, but
gave no further data. Therefore, the results from the 25
centres that provided data regarding their brachytherapy
practice were analysed.
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Centre Details

The median number of patients treated with any form of
radiotherapy at all sites at each centre in 2012 was 2689
(range 1450e9500; n ¼ 23). The median number of
brachytherapy patients (all tumour sites) was 140 (range
25e600; n ¼ 23). Two institutions did not provide a figure
for the total number of radiotherapy patients or the total
number of brachytherapy patients. Fifteen institutions
provided vLDR only and three HDR only. Seven institutions
provided both HDR and vLDR. The number of prostate
brachytherapy patients treated is given in Table 3. All cen-
tres delivered prostate brachytherapy to a minimum of 25
patients and so compliance with standard 1 (the minimum
number of patients seen by each centre should exceed 25)
was 100%. The median length of time that vLDR had been
carried out was 9 years (range 1e18 years). The median
length of time that HDR had been carried out was 5 years
(range 1e15 years). All centres followed a local protocol for
pre-procedure assessment, dosimetry and implant proce-
dure follow-up. One centre did not follow a protocol for
post-procedure management and one did not follow a
procedure for follow-up.
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Staffing

Table 4 shows the staffing for prostate brachytherapy
centres. Seventeen centres had a radiographer involved
with the brachytherapy procedure, all of these had
brachytherapy specialist radiographers and four centres
also involved non-specialist radiographers. Five institutions
had clinical fellows in prostate brachytherapy, three had
two fellows (patient numbers at these three institutions:
295 vLDR cases, 218 either vLDR or HDR cases, 25 HDR
cases). Two institutions had one fellow, one treating 55
vLDR cases and the other 31 vLDR cases. The implants were
undertaken by the clinical oncologist in all centres, with the
urologist also implanting in 52% of centres and the radiol-
ogist in one centre only. The median number of implants
per consultant oncologist was 35 (range 1e147, n ¼ 23).
Three institutions had a clinical oncologist who implanted
less than five patients during the year and so compliance
with standard 2 (the minimum number of patients
implanted by each doctor should exceed 5) was 95%.



Table 4
Staffing availability for brachytherapy centres

Staff member Median number
per centre

Range Number of staff per centre (whole time equivalent)

0 1e2 3e4 5þ
Clinical oncologist 2 1e4 0 18 7 0
Urologist 1 0e3 10 14 1 0
Radiologist 0 0e4 18 6 1 0
Fellow 0 0e2 20 5 0 0
Medical physicist 0 18 6 1
Dosimetrist 13 8 4 0
Specialist brachytherapy radiographer 8 10 5 2
Non-specialist brachytherapy radiographer 21 4 0 0
Brachytherapy nurse 16 9 0 0
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When asked if there were any impediments to carrying
out implants, eight centres stated that they had no im-
pediments, the remainder cited the following impediments,
with 76% citing more than one impediment: lack of theatre
access 11, lack of trained staff 8, lack of local demand 4, fixed
number of implants per annum 3, competition with sur-
geons 2, lack of primary care trust funding 1, scheduling
conflicts 1.
Table 5
Organs contoured and dosimetric parameters used to measure
postoperative dosimetry (very low dose rate centres only)

Percentage of
institutions

Organ at risk contoured
Rectum 95%
Bladder 27%
Urethral bulb 18%
Penile bulb 14%
Membranous urethra 36%
Dosimetric parameters measured
Computed tomography:ultrasound volume 52%
Prostate D90% 95%
Prostate V100% 91%
Prostate V150% 91%
Urethra D10% 50%
Urethra D30% 45%
Rectum D2cm3 77%
Rectum D0.1cm3 77%

Vx, the volume of the organ receiving x% of the dose; Dx, the dose
received by x% of the organ; Dxcm3, the minimum dose received by
the most irradiated x cm3 of tissue.
Dosimetry

All institutions using vLDR used the isotope iodine 125
and all HDR was delivered using iridium 192. Doses are
described in Table 3. Compliance with standard 3 (the dose
prescribed for vLDR should be 145 Gy for monotherapy and
110 Gy for boosts) was 95% for the vLDR sole therapy dose
and 100% for the boost dose. vLDR brachytherapy planning
was undertaken as a two-stage pre-planned process in 9/22
centres, non-interactive intraoperative planning in 2/22
centres and as an interactive operative process in 11/22
centres. HDR planning was undertaken using ultrasound
scanning (USS) in 6/10 centres, computed tomography in 3/
10 centres and magnetic resonance imaging in 1/10 centre.

Dosimetric parameters used for post-implant dosimetry
(PID) are listed in Table 5. As PID is not relevant to HDR
prostate brachytherapy, data from 22 institutions are re-
ported. Seventeen centres routinely carried out PID, four
centres intermittently and one carried out a computed to-
mography scan postoperatively, but did not contour any
organs at risk. Thus, compliance with standard 4 (PID
should be carried out) was 95% overall, but 77% for routine
review. The institutions that did not routinely carry out PID
on every patient gave the following reasons: not felt to be
useful 1, not felt to be useful and too far for patients to travel
1, lack of physics/clinician time 1. Nineteen of 22 used
computed tomography imaging, 2/22 used computed to-
mography/magnetic resonance imaging fusion and 1/22
used ultrasound imaging. The median number of days after
treatment PID imaging was carried out was 30 (range 1e42
days). Seven institutions carried this out at 30 days, thus
compliance with standard 5 (PID should be carried out at
day 30) was 32%, although 15 institutions (68%) carried this
out within a week of the 30 day target (range 28e35 days).
Only seven institutions contoured more than one organ at
risk, thus compliance with standard 6 (dose to organs at risk
should be assessed) was 32%.

Medication and Anaesthesia

Table 6 shows the medication routinely used before,
during and after the brachytherapy implant was carried out.
Most patients were treated as a day case for vLDR (68%) and
as an inpatient for HDR (90%). Twenty-two centres treated
most patients under general anaesthetic and three treated
the majority under spinal anaesthetic (all HDR only).

Follow-up

All centres carried out prostate-specific antigen (PSA)
follow-up on their patients. Fifty-six per cent used PSA



Table 6
Medication used before, during and after the brachytherapy
implant was carried out

Medication Time of
administration

Number of centres
administering
medication

Alpha blocker Pre-procedure 11
Post-procedure 22 regular, 2 as

needed
Antibiotics Pre-procedure 5 (all ciprofloxacin)

During procedure 17 (wide range of
drugs)

Post-procedure 22
Steroids Pre-procedure 0

During procedure 1
Post-procedure 1

Bowel preparation Pre-procedure 20
Local anaesthesia During Procedure 1
Analgesia Post-procedure 3
Laxatives Post-procedure 1 regular, 1 as

needed
Cialis Post-procedure 1
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follow-up for patients indefinitely, the remainder measured
PSA during follow-up for a range of times between 5 and 15
years. All centres measured toxicity on patients, 23 centres
measured it routinely on all patients pre- and post-implant.
A variety of scoring mechanisms were used. Thirty-two per
cent of centres measured using one mechanism, 36% used
two mechanisms and 32% used three. Specific scoring
mechanisms were EPIC-Expanded Prostate Cancer Index
Composite (four), IPSS-International Prostate Symptom
Score (22), IIEFS-International Index of Erectile Dysfunction
Scale (15), RTOG-Radiation Therapy Oncology Group
(eight), other (six). The interval between toxicity assess-
ments also varied: 3 monthly, four centres; 6 monthly,
seven centres; 12 monthly, one centre; varying intervals, 12
(interval between assessments increasing as time passes
from the implant); n ¼ 24.
Discussion

A 2010 UK and Ireland survey of vLDR prostate brachy-
therapy suggested that there were 26 National Health Ser-
vice institutions practicing vLDR prostate brachytherapy in
the UK; 25 of these returned a submission for the current
audit [7]. In the current study, four of these institutions
stated that they provided prostate brachytherapy, but gave
no further data. Four additional centres not listed on that
survey submitted data regarding their prostate brachy-
therapy practice; three of these used only HDR and the
remaining one had only used LDR for 1 year. Thus, it is
estimated that most of the National Health Service prostate
brachytherapy centres in the UK are represented in this
audit (n¼ 29) and that 86% of these returned data. Similarly,
the overall response rate of 83% of radiotherapy centres was
probably sufficiently high for the risk of serious response
bias to be negligible.
Audits or surveys of prostate brachytherapy standards of
care have been carried out in the UK and internationally.
These range from general surveys of all brachytherapy
practice to detailed information specifically about prostate
brachytherapy practice. In the UK, an RCR survey of
brachytherapy with data submissions from either the cal-
endar year 2004 or the financial year 2004/2005 [6] showed
that 23% of total brachytherapy cases in the UK were for
prostate cancer. By comparison, 43% of all brachytherapy
procedures in this audit were prostate brachytherapy
(noting that two institutions did not provide total brachy-
therapy numbers.) Prostate brachytherapy was carried out
in 16/46 (35%) responding centres in 2004/2005 compared
with 29/49 (59%) responding centres in 2012. The total
number of implants was 858 in 2004/2005 compared with
1939 in 2012, representing growth of 226%. In 2004/2005,
only two responding centres used HDR comparedwith 10 in
2012 and 15 used vLDR compared with 22 in 2012. Only
three responding centres in 2004/2005 treated over 100
prostate brachytherapy patients per annum compared with
five in 2012. It should be noted that brachytherapy figures
from centres carrying out only brachytherapy at sites other
than the prostatewere not included in the current audit, but
were included in the 2004/2005 survey, so the national
increase in prostate brachytherapy may be slightly
overestimated.

A survey of brachytherapy practice in Europe for the year
2007, with responses from 56% of centres (encompassing
30/41 countries), showed that prostate brachytherapy
comprised 17% of all brachytherapy [15], a fall from 26% in
the 2002 survey [16]. Seventy-nine per cent of European
centres used iodine 125 vLDR and 13% used iridium 192
HDR in 2007 compared with 71 and 29%, respectively, in the
current study. Thirty-eight per cent of centres in Europe
carried out two-stage pre-planning compared with 41% of
centres in the UK. Brachytherapy comprised 10% of the total
radiotherapy in Europe, compared with 5% in the UK. A
survey of brachytherapy practice in Latin America with re-
sponses from only 20% of centres [17] gave a mean of 917
patients receiving any form of radiotherapy per centre in
2007, 17% of whom were treated with brachytherapy.
Prostate brachytherapy made up only 1% of this total.

The ABS have surveyed physics and dosimetry practice
for prostate brachytherapy, publishing results in 1998 [18]
and 2012 [19]. They initially surveyed busy vLDR practices,
then subsequently surveyed attendees at the annual ABS
prostate brachytherapy training course. In 2012 they
showed amean number of years of experience for vLDRof 11
years and for HDR of 8 years, which is slightly longer than in
the UK. As in the UK, the USA also have a mean of two on-
cologists per institution implanting for vLDR, although 77%
implant with a urologist, compared with 60% in the UK.
Fifty-eight per cent of US centres used general anaesthesia
compared with 88% of centres in the UK. Seventy-five per
cent of US respondents used antibiotics pre-procedure and
83% post-procedure compared with 20 and 88%, respec-
tively, in the UK. In the US, iodine 125 vLDR was used in 76%
of vLDR cases compared with 100% in the UK. All re-
spondents in the USA carried out PID for vLDR, 73% at day 30.
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There are a number of aspects of clinical practice that are
recommended in the new national brachytherapy guide-
lines but are not currently standard in all UK departments. A
number of these are also relevant for HDR practice. These
will have development and cost indications for the affected
departments. For example, the brachytherapy team is rec-
ommended to have specialist nurses or radiographers with
a brachytherapy interest; five departments had neither.
Thirty-six per cent of clinical oncologists implanted less
than 25 cases during the year. This means that these in-
stitutions will need to ensure that individual clinician
implant numbers increase to meet the new national rec-
ommendations of 25 cases per physician per annum. Six
institutions had more than one oncologist involved in each
implant, which may be a pattern that other institutions
could follow to enable individual oncologists to attain their
minimum recommended number of implants. The 2012
guidelines require that vLDR PID is carried out on all pa-
tients following the PROBATE group of GEC-ESTRO recom-
mendations [12]. Only 9/22 institutions measured all of
these dosimetric parameters for post-procedure planning
for vLDR and 11 institutions will need to start contouring
more organs at risk than they currently do to meet these
guidelines. In the absence of specific UK guidelines for HDR,
the 2013 GEC/ESTRO guidelines are a good starting point on
which to base practice for future audit standards to be set.

The National Prostate Cancer Audit is a 5 year project
aiming to collect data on all prostate cancer patients in
England and Wales [20]. Data will be collected on baseline
characteristics and treatment approaches, although
detailed dosimetric data are not recorded. This will be a
useful audit to use in the future to compare with future
RCR audits and to confirm the accuracy of patient
numbers.

This study was limited by reliance on responses from
individual institutions, although returns from 83% of
radiotherapy centres show a good level of response. The
initial survey response period was extended to enable the
maximum number of responses to be included. A limitation
of this form of audit can be whether the submission of data
was complete for the year studied. It is felt that the data
submitted was very probably complete as brachytherapy
centres keep a database of treated patients to submit for
national data collection.
Conclusions

This audit describes patterns of care and adherence to
national and international audit standards from most UK
prostate brachytherapy centres. Prostate brachytherapy has
developed in the UK since the preceding audit and the
number of patients implanted has grown. Brachytherapy
practice in the UK follows similar patterns to that in Europe
and the USA and is much more prevalent than in Latin
America. It is important that UK centres maintain minimum
numbers of patients implanted to achieve minimum levels
of experience. New national and European guidelines
should help to ensure consistency, particularly for post-
procedure dosimetry. This audit should be repeated after
the new guidelines have been fully adopted to examine the
effect of these guidelines [7,9,10].
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