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Abstract
Purpose: We performed the first comprehensive, population-based brachytherapy (BT) Patterns of Care Study in 

the Australian setting. Herein we report on prostate BT and assess the technical quality of BT practice, focusing on 
whether a caseload effect could be identified in New South Wales (NSW). 

Material and methods: Site visits were made to all radiation oncology departments in NSW that delivered prostate 
BT, collecting relevant data on NSW residents treated with prostate BT in 2003. Overall quality of NSW prostate BT 
treatment was assessed using benchmarks including treatment of appropriate prostate cancer disease risk category, 
absence of (relative) physical contraindications, optimal planned and treated dosimetry, and pre-/post-implant 
planning/CT. Quality was compared between higher and lower caseload departments. 

Results: One hundred and fifty-seven (67%) patients underwent temporary BT and 79 (33%) permanent seed BT. 
Prostate BT was concentrated in five departments, with three of four departments with active programmes treating 
greater than the recommended 25 cases. Rates of concordance with quality benchmarks were high (85-99%) with no 
consistent caseload effect identified. 

Conclusions: Prostate BT in NSW in 2003 was generally of high quality and a caseload effect on quality could not be 
identified. This may be because the number of departments was insufficient to determine a caseload effect, or because 
the prostate BT was largely concentrated in a small number of high caseload departments.
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Purpose
Retrospective patterns of care studies (POCS) seek to 

improve the quality of technical care by examining pro-
cesses, structures, and/or outcomes of care. The rationale 
is that differences exist in care, that these differences can be 
measured against explicit criteria and against each other, 
that deficiencies in care may affect outcome, and that these 
deficiencies, having been identified, are correctable, there-
by improving patient outcome [1,2]. This is the first com-
prehensive, population-based brachytherapy (BT) POCS 
in the Australian setting. Collection of these data enabled 
an overview of actual NSW BT use for comparison with 
our model of optimal BT utilization [3]. A second aim was 

to assess the technical quality of BT practice by compar-
ing with known quality benchmarks. Herein we focus on 
these results as they pertain to prostate BT quality. 

Material and methods
A retrospective BT POCS for NSW residents treated 

in 2003 was performed in 2005. Site visits were made to 
all radiation oncology departments in NSW that deliv-
ered BT. Data were collected by the primary author and 
entered into an access database and then transferred into 
SPSS v15.0. Logic checks and frequency analyses were 
performed on the data to identify errors and inconsist-
encies. 
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Overall quality of NSW prostate BT treatment was 
assessed using near-contemporaneous published bench-
marks drawn from evidence-based peer-reviewed guide-
lines, including: treatment of appropriate prostate cancer 
disease risk category [4-9], absence of (relative) physical 
contraindications to BT [4-6,10], optimal planned and 
treated dosimetry [5], and pre/post-implant planning/
CT [4,5]. Quality was compared between higher and low-
er caseload departments. These were defined as: the two 
departments that performed more permanent prostate 
seed BT (SBT) compared with the two departments that 
performed fewer (institution numbers 2 and 5, versus  
1 and 3); and the two departments that performed more 
temporary high dose rate (HDR)/pulsed dose rate (PDR) 
iridium-192 brachytherapy (TBT) were compared to the 
two departments that performed fewer (institution num-
bers 3 and 5, versus 2 and 4). 

Categorical variables were compared using Pearson 
χ2 test, with data entered as counts and analysed as pro-
portions. Ordering of variables was addressed by testing 
for Linear Trend. Means of two variables were compared 
using two-sample t-test (two-tailed), and variance was 
tested using Levene’s test for homogeneity of variance. 

All institutions and patients were de-identified. Per-
mission for the study was obtained from all relevant Ra-
diation Oncology Departmental Directors and Human 
Research Ethics Committees. The study was carried out 
in accordance with the Helsinki Declaration. 

Results 
In NSW in 2003, 260 patients were treated with pros-

tate BT (47% of all NSW BT) at five institutions. After 
exclusion of 24 patients resident interstate, 236 NSW 
prostate cancer patients remained as the cohort of this 
study undergoing BT. Temporary brachyhterapy was ad-
ministered to 157 (67%) patients and 79 (33%) received 
SBT. Institutional caseload is shown in Table 1. The two 
higher caseload SBT institutions treated 32 and 37 SBT 
patients, compared to 1 and 9 patients in the two lower 
caseload SBT institutions. The two higher caseload TBT 
institutions treated 47 and 80 TBT patients, the two low-
er caseload TBT institutions treated 14 and 16 patients. 

One department had a temporarily inactive prostate BT 
programme due to resource constraints and only treated 
one patient. Of the other four departments, three treated 
more than the previous UK recommended minimum of 
25 cases (SBT + TBT) [11,12]. 

Mean patient age was 67 years. Prostate TBT pa-
tients were older than SBT patients (mean 69 vs. 64 years,  
p < 0.001), with a  greater proportion being greater than 
65 years (75% vs. 44%, p < 0.001). Prostate cancer T stage, 
Gleason score and PSA are combined to create low risk 
(LR), intermediate risk (IR) and high risk (HR) disease ca
tegories, as per the NCCN recommendations [6]. Prostate 
cancer treatment by institution and risk category is shown 
in Table 1. 

Seed brachytherapy monotherapy is contraindicated 
in HR disease [4-8], this criterion was met in 99% of SBT 
patients. Temporary brachyhterapy (with EBRT) is indi-
cated for patients with non-metastatic disease [6,9], with 
this criterion being achieved in 98% of patients. There 
was no significant difference between departments by 
caseload. 

Relative physical contraindications to prostate BT are: 
very large prostates (> 40-60 cc); significant lower uri-
nary tract symptoms (LUTS), with International Prostate 
Symptom Score (IPSS) cut-off being 0-9, 0-15, or 0-19; and 
prior trans-urethral resection of prostate (TURP) [4-6,10]. 
Temporary brachyhterapy patients were more likely to 
have larger prostates than SBT patients: (37% vs. 26%  
> 40 cc, including 9% vs. 0% > 60 cc, p = 0.03). For SBT, 
there was no difference by caseload, whereas patients in 
lower caseload TBT departments were more likely to have 
large prostates (14% vs. 7% > 60 cc, p = 0.012). Data on 
pre-treatment IPSS were available for 93 (39%) patients. 
Mean IPSS was 4.2 (range 0-16). Only one patient scored 
greater than 15 (score 16). There was no difference in  
average IPSS or proportions of patients having mild  
(IPSS 0-9) or moderate (IPSS 10-19) LUTS by BT type 
(p = 0.63) or by caseload amongst SBT patients (p = 0.68), 
but more TBT patients at lower caseload departments 
had moderate LUTS (20% vs. 3%, p = 0.048). Six percent 
of SBT patients had prior TURP compared to 15% of TBT 
patients (p = 0.048), but there was no association with 
caseload. 

Table 1. Prostate brachytherapy by institution and prostate cancer risk category 

Institution Seed BT Temporary BT*

Risk category Total Risk category Total

LR IR HR LR IR HR Mets.

1 1 0 0 1 – – – – –

2 26 5 1 32 0 12 4 0 16

3 9* 0 0 9 4 20 22 1 47

4 – – – – 0 10 4 0 14

5 22 15 0 37 2 36 40 2 80

Total 58 20 1 79 6 78 70 3 157

BT – brachytherapy, LR – low risk, IR – intermediate risk, HR – high risk, Mets. – metastases 
*Two SBT and all TBT patients had combined modality treatment with EBRT
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Permanent iodine-125 seed brachytherapy

In all cases, planning was conducted as a  day-stay 
procedure, 145 Gy was prescribed to the covering 100% 
isodose using iodine-125 seeds, and insertion was then 
under general anaesthetic as day-only or overnight. Other 
implant descriptors are tabulated (Table 2). 

Post-implant CT to calculate dosimetry is recommend
ed for all patients [4,5] and was performed on 69 (87%) 

of 79 patients with no difference by caseload. Prescribed 
and received doses are shown in Figure 1. The data in-
dicate that prescribed dosimetry was superior in terms 
of prostate coverage and dose homogeneity compared to 
that actually achieved. Optimal implant is one, in which 
D90 (dose in Gy covering > 90% of target) > 140 Gy [5], this 
was prescribed in all cases and 71% received at least this 
dose, with no difference by caseload. Mean prescribed 
D90 was greater in lower SBT caseload departments  
(185 Gy vs. 177 Gy, p < 0.001) with less variation (p = 0.01) 
and prescribed V150 (% target volume covered by 150% of 
prescribed dose) was greater in lower SBT departments 
(62% vs. 56% of prostate, p = 0.01) with less variation  
(p = 0.01). There was no significant difference by caseload 
in received D90 and V150 and in prescribed/received V200 
and V100.

Temporary Iridium-192 high-dose-rate/ 
pulsed-dose-rate brachytherapy

Treatment protocols varied between departments and 
are detailed in Table 3, and the boxplot in Figure 2 shows 
dose parameters prescribed. 

There was greater variability in D90 and V100 in low-
er caseload compared to higher caseload institutions  
(p = 0.017 and p = 0.001, respectively) with no difference 
in their means. Mean V150 and V200 were significant-
ly lower in higher caseload departments (27% vs. 36%,  
p < 0.001 and 9% vs. 15%, p < 0.001). By extrapolation 
from SBT data [5], optimal D90 is believed to be at least 
as great as the prescribed dose. This was achieved in 86% 
of cases (90% vs. 71%, higher/lower caseload, p = 0.039). 

Table 2. Permanent seed brachytherapy – technical factors 

Institution Number of seeds
Mean (range)

Prostate volume
Mean (range), cc

Organs at risk

1 62 (n/a) 23 (n/a) Urethra, rectum

2 100 (78-118) 36 (24-51) Urethra

3 80 (62-92) 21 (15-28) Urethra, rectum, bladder, seminal vesicle

5 77 (48-105) 34 (15-55) Urethra, rectum

n/a – not applicable
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Fig. 1. Permanent seed brachytherapy. Prescribed and 
received dose parameters. Column graph indicates mean 
and whiskers indicate range, y-axis reprepresents Gray for 
D90 and % for V200/150/100

Table 3. Temporary brachytherapy – technical factors 

Institution Treatment 
order

EBRT  
prescription

(median)

BT  
prescription

(median)

Dose  
rate

PTV Catheter;  
median 
(range)

Prostate  
volume; 
mean 

(range), cc

Organs at risk

2 BT then 
EBRT

45 Gy, 25# 19.5 Gy, 3# PDR CTV + 5 mm 
sup/inf

18 (17-20) 48 (28-88) Urethra, rectum

3 BT then 
EBRT

50.4 Gy, 28# 18 Gy, 3# PDR CTV + 5 mm 
ant/lat,  

+ 1 mm post

17 (17-17) 47 (20-85) Urethra, rectum

4 Usually BT 
then EBRT

46 Gy, 23# 19.5 Gy, 3# HDR Prostate + 
extension

19 (13-26) 42 (26-79) Urethra, rectum

5 BT then 
EBRT

50.4 Gy, 28# 18 Gy, 3# HDR Prostate 20 (18-20) 27 (14-47) Urethra, rectum

BT – brachytherapy, EBRT – external beam radiotherapy, Gy – Gray, # – fractions, PDR – pulsed dose rate, HDR – high dose rate, PTV – planning target volume,  
CTV – clinical target volume 
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Discussion
Brachytherapy for the treatment of prostate cancer 

has a well-established role [13]. In NSW in 2003, 67% of 
prostate BT patients were treated with TBT, always as 
a boost with EBRT, and almost always for patients with 
IR-HR disease. Thirty-three percent were treated with 
SBT, almost all monotherapy, generally for patients with 
LR disease. This is markedly different to the American 
experience, with the USA POCS for 1999 revealing that 
only 10% of BT treatments were TBT (69% combined with 
EBRT and 31% monotherapy) and 90% were permanent 
SBT [14]. This difference in the type of BT used between 
Australia and USA is likely to be explained by differenc-
es in funding arrangements, which has had the practical 
result that in Australia permanent SBT is almost entirely 
limited to monotherapy of privately insured patients with 
LR disease, and TBT is generally used as a boost to EBRT 
to treat both public and private patients with IR-HR dis-
ease [3]. 

Prostate BT in NSW generally corresponded to guide-
line recommendations, with benchmarks achieved in 85-
99% of cases. Seed brachytherapy (monotherapy) is con-
traindicated in HR disease [4-8], and TBT (with EBRT) is 
contraindicated for patients with metastatic disease [6,9]. 
These criteria were met in > 98% of patients. This is sim-
ilar to the American experience: in the 1999, prostate BT 
POCS only 1.1% of SBT (monotherapy) patients had HR 
disease [14]. Few NSW patients were treated in the pres-
ence of relative physical contra-indications (prior TURP, 
large prostate size, and significant LUTS). Temporary 
brachyhterapy patients were more likely than SBT pa-
tients to have large prostates or to have undergone prior 
TURP. This difference probably reflects technical differ-
ences between the two modalities and the fact that the ev-
idence that TBT patients have greater toxicity in the pres-
ence of these contraindications is weaker and more recent 
than in the setting of SBT [4-6] with only one guideline 
listing these factors as a contra-indication to TBT [10]. 

New South Wales SBT practice was in line with the 
American [5] and European [4] technical recommenda
tions. All NSW patients appropriately underwent pre- 
planning, and 145 Gy was prescribed to the covering 100% 
isodose in all cases. Post-implant CT was performed for 
69 of 79 patients (86%) in NSW, compared to only 47% of 
patients in the 1999 US POCS [14]. In NSW, D90 > 140 Gy 
was achieved to 71% of patients. This compares favourably 
with published series from large institutions: 43% at Leeds 
[15] and 58% at Memorial Sloan Kettering Cancer Center 
[16]. New South Wales TBT boost practice also correspond-
ed well to guideline technical recommendations [10].  
Although no dose response data have been determined 
from the literature, there is a commonly used range of dos-
es that have been shown to be efficacious: 45-54 Gy EBRT 
and 12-20 Gy in 2-4 fractions TBT boost [10]. All but two 
patients were treated within this dose range, and the NSW 
departments routinely assessed dose to organs at risk. 

An important issue for prostate BT is whether BT case-
load affects BT quality. This has been shown to be the case 
for cervical cancer brachytherapy [17]. The Royal College 
of Radiologists of the UK have previously recommended 

a minimum of 25 prostate BT cases be treated per centre 
per year, and a minimum of 5 cases per physician per year, 
although no studies were referenced to support these 
recommendations [11]. In NSW, prostate BT was highly 
concentrated: of 15 NSW radiation oncology departments, 
only five delivered prostate BT. Prostate BT workload 
per centre in NSW was comparable to that of the UK and 
greater than continental Europe (Table 4). Three of four 
NSW departments with active prostate BT programmes in 
2003 treated more than the UK recommended minimum. 

In the case of permanent SBT, there were no differ-
ences by caseload with regard to likelihood of treating in 
the presence of physical contra-indications to BT, use of 
post-implant CT, or prescribed/delivered D90, with only 
minor differences in other dosimetric parameters. For pa-
tients treated with TBT, there were some differences in 
likelihood of treating according to guideline recommen-
dations by caseload: patients in lower TBT caseload de-
partments were more likely to have large prostates > 60 cc 
(14% vs. 7%), but the limited data regarding greater risk 
of urinary toxicity with large prostate volumes in TBT pa-
tients emerged only after 2003 [10,22-25], and therefore 
the applicability of using this measure as a quality bench-
mark for the 2003 NSW POCS is questionable. Patients in 
the lower caseload TBT departments were more likely to 
have moderate LUTS as measured by IPSS (20% vs. 3%), 
although no patients in either type of department had 
severe symptoms, this being the group at greatest risk 
of urinary retention after BT. There was no difference in 
prior TURP by caseload. Although there were some dif-
ferences in dosimetry by caseload (with less variability 
in D90 and V100 and greater likelihood of D90 being great-
er than the prescribed dose), there are no dose response 
data, and therefore no dose parameters that define an op-
timal TBT implant [10]. 

Thus, despite a  broad literature showing the exist-
ence of a learning curve and an effect of provider volume 
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on outcomes following prostate BT, ranging from first  
10-20 cases, but with an effect detectable out to to hun-
dreds [26-31], we were unable to consistently demonstrate 
this effect. There may be a number of reasons why the cur-
rent study did not find a strong caseload effect on indica-
tors of prostate BT quality, despite good evidence in the 
literature for this effect. There is a lack of robust dosimetry 
quality benchmarks for TBT, although the detected great-
er variability in D90 and V100 at the lower caseload depart-
ments may be clinically significant. Although the sample 
included 236 prostate BT patients, these were treated in 
only five departments by six brachytherapists, and there-
fore the number of institutions is probably too small to de-
tect a difference. One interpretation may be that the high 
overall quality of prostate BT in NSW may indeed confirm 
a caseload effect, with three of the four active departments 
achieving the previous UK benchmark rate of > 25 cases/
year. In these four departments, all prostate brachythera-
pists were treating well above the UK benchmark rate of 
> 5 cases/year. By 2003, all the NSW brachytherapists at 
the four active departments had performed many more 
than the standard learning curve caseload of 10-20. Even 
at the lower caseload departments, numbers appeared 
small due to resource constraints or the BT programmes 
having only just commenced, but the brachytherapists 
themselves were generally experienced. It may be that for 
quality, overall brachytherapist experience and having 
passed beyond the learning curve is more important than 
absolute numbers in any one calendar year. 

This study did have a number of limitations. It was 
retrospective, and represents state-of-play in 2003, and 
therefore not necessarily reflecting current NSW practice. 
Nevertheless, no data have yet emerged implying that 
new technologies have rendered brachytherapist expe-
rience/technical skill inconsequential, and therefore we 
believe that these data assessing caseload and quality re-
main relevant. The study included only five departments. 
Robust TBT treatment quality indicators against, which 
performance can be measured are lacking. Importantly, 
this study reports technical factors, but not clinical out-
come data for both disease control and toxicity. These are 
areas in which future research is likely to be beneficial. 

Conclusions
In NSW in 2003 prostate BT, as measured by concord-

ance with guideline recommendations and dosimetry 

parameters, was of high quality. No consistent provider 
caseload effect on treatment quality was found. These 
results may be because prostate BT was concentrated in 
a small number of departments, with generally high de-
partmental caseload. 
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