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Purpose: To report outcomes for 1,111 men treated with iodine-125 brachytherapy (BT) at a single institution.
Methods and Materials: A total of 1,111 men (median age, 63) were treated with iodine-125 prostate BT for low- or
intermediate-risk prostate cancer between March 1999 and November 2008. Median prostate-specific antigen
(PSA) level was 5.4 ng/ml (range, 0.9–26.1). T stage was T1c in 66% and T2 in 34% of patients. Gleason score
was 6 in 90.1% and 7 or 8 in 9.9% of patients. Neoadjuvant hormonal therapy (2–6 months course) was used in
10.1% of patients and combined external radiotherapy (45 Gy) with BT (110 Gy) in 4.1% (n = 46) of patients. Uni-
variate and multivariate Cox proportional hazards were used to determine predictors of failure.
Results: Median follow-up was 42 months (range, 6–114), but for biochemical freedom from relapse, a minimum
PSA test follow-up of 30 months was required (median 54; n = 776). There were 27 failures, yielding an actuarial 7-
year disease-free survival rate of 95.2% (96 at risk beyond 84 months). All failures underwent repeat 12-core trans-
rectal ultrasound -guided biopsies, confirming 8 local failures. On multivariate analysis, Gleason score was the only
independent predictor of failure (p = 0.001; hazard ratio, 4.8 (1.9–12.4). Median International Prostate Symptom
score from 12 to 108 months ranged between 3 and 9. Of the men reporting baseline potency, 82.8% retained sat-
isfactory erectile function beyond 5 years.
Conclusion: Iodine-125 prostate BT is a highly effective treatment option for favorable- and intermediate-risk
prostate cancer and is associated with maintenance of good urinary and erectile functions. � 2011 Elsevier Inc.

Prostate neoplasms, Brachytherapy, Prostate-specific antigen, Radiotherapy.
INTRODUCTION

Although multiple treatment options exist for early-stage pros-

tate cancer, randomized trials comparing efficacy and quality of

life are difficult to conduct (1). Treatment choices are evaluated

based on a growing body of reports, often describing single-

center experience (2–4), which may not be representative of

global outcomes. In Canada, provision of radiotherapy is

centralized and confined to a relatively small number of

university-affiliatedcenters.Prostatebrachytherapy (BT) is a ra-

diation oncology procedure and is performed only at these cen-

ters. Although prostate brachytherapy in the form of permanent

seed implantation began in the late 1980s and by the mid 1990s

was an accepted and popular modality for delivering a high and

very effective dose of irradiation to the prostate (2–4), public

funding in the province of Ontario was not obtained until 1999.
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The iodine-125 prostate brachytherapy program at Prin-

cess Margaret Hospital commenced on March 1, 1999, and

from its inception, demographic, dosimetric, and outcome

data were prospectively recorded in a database. University

and host hospital institutional review board approval was ob-

tained for outcome analysis. We report our 10-year experi-

ence in terms of biochemical (PSA) outcome, and urinary

and sexual side effects.
METHODS AND MATERIALS

Patient selection
A total of 1,111 consecutively treated patients with clinically local-

ized prostate cancer received a permanent implant of iodine-125

seeds. All patients had biopsy-proven prostate adenocarcinoma; all

external pathology was centrally reviewed by an experienced
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uropathologist. The majority of patients met the Ontario guidelines

(5) for permanent seed implants for favorable risk (FR) prostate can-

cer. Intermediate-risk (IR) or high-risk patients were offered partici-

pation in an institutional review board-approved clinical trial.

Baseline evaluation included a complete history and physical exam-

ination, transrectal ultrasound (TRUS) for prostate volume determi-

nation, and serum PSA level. Staging with abdominal/pelvic CT

and bone scans was required for unfavorable disease characteristics

(PSA >10 ng/ml; Gleason score >6). Urinary function was evaluated

using the International Prostate Symptom Score (IPSS) (6), supple-

mented since 2001 with a voiding study measuring peak flow, voided

volume, and postvoid residual volume. Erectile function was initially

recorded as satisfactory, suboptimal, or absent, with or without

pharmacologic assistance; but since 2005, the International Index

of Erectile Function (7) has been used at baseline and annually.

Treatment
Initially, neoadjuvant hormonal therapy (HT) was used for down-

sizing prostates of >50 cc (�30% of patients). This practice dimin-

ished over time, and overall, neoadjuvant HT was used in only

10.1% of patients (mean duration, 3.7 � 2.7 months standard

deviation [SD]).

External beam (45 Gray in 25 fractions over 5 weeks) was

prescribed prior to brachytherapy (110 Gy) for 46 men (4.1%).

All patients but 1 were enrolled in Radiation Therapy Oncology

Group (RTOG) trials (protocols 0019 and 0232) investigating the

role of external beam radiotherapy (EBRT) combined with brachy-

therapy for IR prostate cancer.

Implant technique
TRUS preplanning took place 2 to 4 weeks before implantation, us-

ing a Leopard 2001 scanner (B&K Medical, Wilmington, MA) at 6.5

MHz or, more recently, a Profocus unit (B&K). Images were recorded

every 5 mm and downloaded to a VariSeed version 7.1 treatment

planning system (Varian, Palo Alto, CA). The dose prescribed to

the planning target volume (prostate plus 3 mm anterior and lateral

margins, 5 mm cranial-caudal) was 145 Gy. No posterior margin

was added at the rectal interface, although the prescription isodose

was always entirely outside the posterior prostate contour. Preplan

dosimetry aimed for 99% of the prostate to receive >/= 100% of

the prescribed dose (V100> 99%) and 90% of the prostate to receive

120-125% of the prescribed dose (D90) and a V150 of 55% to 60%.

The urethral dose was limited initially to <150% of the prescribed

dose, but was reduced in later years to <125%. Calculation algorithms

were those recommended by the American Association of Physicists

in Medicine Task Group no. 43 (TG-43) (8). Loose seeds were used in

the majority of cases (82%), with a median activity of 0.32 mCi/seed

(range, 0.27-0.39 mCi), and a mean of 104 � 16 seeds. On average,

25% to 30% of the seeds were planned outside the prostate, but pe-

ripheral needles were steered medially to avoid periprostatic veins

and to position externally located seeds closer to the prostate. Im-

plants were performed under general anesthesia with ultrasound

and fluoroscopic guidance using a standard template. During both

mapping and implant, the urethra was identified with aerated gel.

Dosimetry
Postimplant dosimetry was performed on day 30, initially using

CT images only, but, since September 2000, magnetic resonance

(MR)-computed tomography (CT) fusion has been used for all

patients without a contraindication to MR scanning. Axial CT im-

ages were taken in the supine position on a GE CT scanner (General

Electric Medical Systems, Waukesha, WI). Slices were obtained at
2.5- to 3.0-mm intervals (no gap). A 14-French Foley urinary cath-

eter was inserted for urethral visualization. Axial MR scans (1.5T;

General Electric Medical Systems) were obtained immediately after

the CT, using T2-weighted sequences (Echo Time/Repetition Time

= 90/4500 msec; Echo Train Length 10; field of view 18 to 20 cm;

matrix, 320� 224). Slice thickness was 3 mm (no gap). MR-CT fu-

sion was performed manually, with brachytherapy seeds as fiducial

markers. Seed location was determined in VariSeed, using CT im-

ages, and seed count was verified using orthogonal pelvic X-rays.

All relevant soft tissue structures were contoured on the MR images.

Critical organ contouring and dosimetry were performed as per

American Brachytherapy Society guidelines (9). Dosimetric param-

eters assessed at 1 month included the prostate V100, V150, and

V200, as well as the D90, the volume of rectal wall receiving >/=

100% of the prescribed dose (RV100), and urethral UD5 and

UD30 (dose in Gray to 5% and 30% of the urethra).
Follow-up
Patients were monitored at 1, 3 and 6 months and then every 6

months by symptom assessment, digital rectal examination, and

PSA test. Any patient with a single PSA level increase was con-

tacted to switch to a 3-month schedule of PSA monitoring. Bio-

chemical failure (BF) was defined by the ‘‘nadir+2’’ definition

(10). To avoid confusing BF with a benign PSA bounce (11), BF

was determined only for men with >30 months of PSA follow-up

(n = 776); however, no patient with failure was excluded. TRUS-

guided 12-core postimplant biopsies were performed for any patient

with a rising PSA beyond 30 months.
Analysis
Categorical variables were presented as proportions, and contin-

uous variables were described with means, medians, and ranges.

Overall survival was estimated using the Kaplan-Meier method.

Cox proportional hazards regression was used to explore predictors

of time-to-event outcomes. The Mann-Whitney test was used to

compare continuous parameters between temporal cohorts. All anal-

yses were performed using SAS v9.1 software for Windows, and all

p-values reported were 2-sided. A p-value of <0.05 was considered

significant.
RESULTS

Tables 1 and 2 show baseline characteristics of the popu-

lation as continuous (Table 1) or categorical (Table 2) vari-

ables, and Table 3 shows the dosimetric summary data.

The mean D90 was 161 � 20.8 Gy, the mean RV100 was

0.79 � 0.55 cc, and the mean UD5 was 210.8 � 29.8 Gy.
PSA nadir
PSA nadir was defined either as a PSA value <0.1 ng/ml or

a PSA value >0.1 ng/ml that remained stable for three consec-

utive readings. The time to PSA nadir was defined as the

earliest time that either of these definitions was met. As

only 16 patients met the second definition, the times to

PSA nadir were similar for both definitions. Patients with

any type of failure or those who received neoadjuvant HT

were excluded from the calculation of PSA nadir. The me-

dian and mean nadir values were 0.06� 0.02 ng/ml, achieved

at a mean time of 37.3 � 18.4 months. A higher D90 value

was associated with a shorter time to nadir (correlation



Table 1. Summary statistics for baseline characteristics for
continuous variables

Characteristic

Baseline value

Mean SD Range

Age (years) 63 7 40–83
PSA level (ng/ml) 5.7 2.6 0.29–26.1
IPSS baseline (�/35) 6.3 4.9 0–25
TRUS volume (cc) 35.4 9.5 13.2–76.0

Abbreviations: IPSS = international prostate symptom score;
TRUS = transrectal ultrasound.

Table 3. Summary statistics for dosimetric data

Characteristic Median Mean SD

No. of seeds 103 104 16
Activity/seed (mCi) 0.32 0.31 0.02
V100 (%) 95.5 93.8 5.6
V150 (%) 58.0 57.9 11.5
V200 (%) 26.9 27.5 8.6
D90 (Gy) (BT alone) 162 161 20.8
D90 (%) (all patients) 112.2 111.4 14.6
RV100 (cc) 0.71 0.79 0.55
UD5 (Gy) 210.3 210.8 29.8
UD30 (Gy) 188.5 187.9 22.4

Abbreviations: RV100 = volume of rectum (in cc) enclosed by
prescription isodose; UD5/UD30 = minimum dose to 5% and
30% of urethral volume, respectively; BT = brachytherapy; SD =
standard deviation; mCi = millicurie; D90% = isodose (as a percent-
age of the prescription) enclosing 90% of the prostate volume.
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coefficient, �0.152, p = 0.002). Every 10-Gy decrease in

dose resulted in a 1.4-year increase in time to nadir. By 60

months, 74% of patients had met one of the nadir definitions.

Only 10% (48/481) of patients had a PSA of >0.2 ng/ml at 5

years, 2/3 of whom (32/48) are still showing a declining

trend. PSA values at annual intervals are shown in Table 4.

PSA bounce
A PSA bounce was defined as an increase of > 0.2 ng/ml at

>3 months after brachytherapy, followed by a spontaneous

decline without intervention. Of the cohort with >30 months

of PSA follow-up and no neoadjuvant HT (n = 697), 42.9%

experienced a PSA bounce starting at a median time of 9.0�
6.7 months. The mean magnitude was 1.09 ng/ml (range,

0.21–8.99). Of 299 patients with a resolved bounce, only

eight bounces occurred after 36 months (6 at 36–48 months;

2 at 60–72 months). Univariate Cox proportional hazards
Table 2. Summary statistics for baseline characteristics for
categorical variables

Characteristic
No. of

patients
% of

patients Missing

Hormone therapy
yes 112 10.1 0
no 999 90.1

EBRT
yes 46 4.1 0
no 1,065 95.9

Potent at baseline
yes 881 83.8 60
no 170 16.2

Gleason score
# 6 999 90.1 2
7-8* 110 9.9

Risk group
low 964 86.9 2
non-low 145 13.1

MaxPerCore
<25% 641 63.3 99
$25%-<50% 192 19.0
$50% 179 17.7

PercPosBiop
<33.3% 495 63.3 329
$33.3% 287 36.7

Abbreviations: MaxPerCore = maximum percentage involvement
of any core; PercPosBiop = percentage of the biopsies that show ma-
lignancy.

* Only 1 patient had a Gleason score of 8.
regression (HR) was performed to look for predictors of

a bounce excluding failures and those patients receiving neo-

adjuvant HT. The factors examined included age, T stage,

prostate volume, quantifiers of tumour volume (percent pos-

itive cores and greatest involvement of any core), and dose.

Only younger age was predictive for occurrence of a bounce

(p < 0.0001, HR 0.94 [0.92–0.95]).
Survival analysis
There have been only 2 deaths from prostate cancer and 30

from other causes, yielding an actuarial overall survival rate

of 95% at 7 years (confidence interval, 93%–97%) (Fig. 1).
Failure analysis
Disease-free survival (DFS) was measured from the date of

implant to the first failure of any type. Since the majority of

failures are heralded by a rising PSA level, the date of meet-

ing the ‘‘nadir + 2’’ criteria was used for time to failure, but

the type of failure was subsequently refined according to re-

sults of investigations. Patients without evidence of disease

were censored at last follow-up or death. DFS for the entire

cohort is shown in Fig. 2. There have been 27 failures of

any type, including 8 local and 8 distant failures. Figures 3
Table 4. Summary statistics for PSA values

Month of
PSA test Mean ng/ml Median ng/ml SD No. of patients

12 0.88 0.58 1.01 722
24 0.88 0.40 1.23 537
36 0.39 0.17 0.61 456
48 0.20 0.09 0.33 374
60 0.15 0.05 0.31 244
72 0.12 0.05 0.19 147
84 0.13 0.05 0.24 74
96 0.12 0.05 0.20 32
108 0.04 0.05 0.04 7

Summary statistics for PSA values at annual intervals are for pa-
tients without biochemical, local, or distant failure (n = 1,111 – 27 =
1,084). Patients receiving neoadjuvant hormone therapy are in-
cluded (10.1%).



Fig. 1. Overall survival for entire cohort is 95% at 7 years (C.I.
93%-97%). There have been only 2 deaths from prostate cancer.
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Fig. 3. Actuarial local failure free survival of entire cohort.
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and 4 show the local failure (LF)-free survival of the entire

cohort and by risk group. Cox proportional HR values

showed predictors of DFS to be risk group (p = 0.0001),

Gleason score (p < 0.0001), PSA level (p = 0.005), and com-

bined EBRT/brachytherapy (p = 0.002) (Table 5). Specifi-

cally, brachytherapy dose (p = 0.83), and use of HT (p =

0.40) were not predictive. The influence of HT on DFS was

also examined for men with a greater volume of disease

(>33% positive cores or >50% maximum involvement per

core) and again was not predictive of outcome (p = 0.18).

In multivariate analysis, to exclude having interdependent

variables in the same model, Gleason score and baseline PSA

are in one model and risk group in the other. Although the use

of combined EBRT/brachytherapy was limited to IR patients,

this was by random assignment according to the RTOG protocol

so combined therapy was left in both models. In the absence of

PSA level and Gleason score, risk group is a statistically signif-

icant predictor of DFS (p = 0.006). In the model excluding risk

group, Gleason score is significant (p = 0.001), and baseline

PSA level is nearly significant (p = 0.09), after adjusting for

the other covariates. Age and the use of combined EBRT/

brachytherapy were not predictive of outcome.
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Urinary and sexual function
Median baseline IPSS was 5 (range, 0–25). Alpha

blockers, typically tamsulosin, 0.4 mg, were started 1 week

prior to brachytherapy. Catheterization was required acutely

in 13.1% of patients and was managed with intermittent self-

catheterization (duration <1 week for 35.9%; 1–4 weeks for

39.7%; >1 month for 24.4% of patients). Baseline IPSS

was missing in 27 patients and not recorded subsequently

in 233 patients. For the remainder, the median time to return

to baseline �3 points was 12 months, with 71% of patients

recovered by 2 years and 83% of patients by 3 years. The me-

dian IPSS at 5 years was 6 and at 10 years was 3.

Satisfactory erectile function was reported in 83.1% of pa-

tients at baseline (missing data in 60 patients). Of those pa-

tients with >5 years follow-up and prior potency (n = 238),

erectile function was satisfactory in 74.8% of patients,
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Table 5. Cox proportional hazards model for predictors of disease-free survival

Variable Parameter p value Category Referent HR HR 95% LCL HR 95% UCL
No. of

observations used

Categorical Age 0.18 >55 #55 3.96 0.54 29.22 1,111
Risk 0.0001* Non-low Low 4.79 2.17 10.57 1,109
Gleason <0.0001* 7-8 #6 6.02 2.68 13.54 1,109
T-stage 0.86 2 1 1.08 0.48 2.42 1,105
Comb RT+BT 0.002* Combined BT only 5.42 1.84 15.94 1,111
HT 0.40 1 0 0.59 0.18 2.00 1,111
MaxPerCore 0.25

0.67 $25%-<50% <25% 0.77 0.22 2.63 1,012
0.14 $ 50% <25% 1.96 0.80 4.79

PercPosBiop 0.99 $ 33.3% <33.3% 1.01 0.35 2.93 782
Continuous Age 0.06 — — 1.06 1.00 1.12 1,111

PSA-0 0.005* — — 1.19 1.05 1.34 1,111
D90 (%) 0.83 — — 1.00 0.98 1.03 1,110
V100 0.50 — — 1.02 0.96 1.10 1,110

Abbreviations: Comb RT + BT = combined external radiotherapy and brachytherapy; HT = hormone therapy; MaxPerCore = maximum
percentage involvement of any core; PercPosBiop = percentage of the biopsies that show malignancy; HR LCL and UCL = hazard ratio, lower
confidence limit, upper confidence limit; PSA-0 = PSA level at baseline.
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suboptimal in 7.6% of patients, and absent in 17.6% of pa-

tients. Use of phosphodiesterase (PDE-50) inhibitors was en-

couraged and not considered in the evaluation of potency.
DISCUSSION

Brachytherapy has become widely accepted for treating lo-

calized prostate cancer with excellent and durable intermedi-

ate- to long-term results from many centers (2–4, 12, 13).

These results have been obtained with a variety of

approaches including the use of intraoperative vs.

preplanning, loose vs. stranded seeds, and preloaded

needles vs. a Mick applicator, and debate continues over

the superiority of one approach over another. The unifying

underlying theme is the desire for consistently high-quality

implants. The importance of quality is reflected in the pres-

ence of a well-established dose-response relationship (14,

15), and much emphasis has thus been placed on quality

assurance. Given the uncertainty in CT-based postplan do-

simetry (16), we adopted MR-CT fusion as our standard of

postplan assessment very early in the program. With careful

analysis of postplan results and meticulous attention to detail,

a mean D90 of >160 Gy (equivalent to a biologically effec-

tive dose of 169 Gy with an a/b ratio of 2) (17) was achieved

by 2003 and subsequently maintained. For 90% of implants,

the D90 was in the desired range of 140 to 180 Gy.

In this dose range, brachytherapy is clearly an ablative pro-

cedure. Only 10% of patients at 5 years have PSA level of

>0.2 ng/ml, and 2/3 of these patients are still showing a de-

creasing trend. This is very similar to observations in the re-

port by Stock et al. (18) where only 10.9% of 742 patients

had a PSA level of >0.2 ng/ml at 5 years. The 10-year

freedom from BF was 98% for a 5-year PSA level of <0.2

and 81% for a PSA level of >0.2 ng/ml. Grimm et al. (4) re-

ported in 2001 that the proportion of patients with a PSA of

<0.2 ng/ml continues to increase for up to 7 to 8 years, but to

our knowledge, we are the first to explain this phenomenon
by reporting the association between dose and time to nadir.

Every 10-Gy increase in D90 shortens the time to nadir by 1.4

years. Our reported mean time to nadir of 37 months will get

longer as later nadirs are registered.

The majority of this population (87%) had FR disease. Al-

though 37% of subjects had >33% positive cores and 18% had

maximum involvement in any core >50%, some with rela-

tively low- volume disease could almost certainly have been

safely watched. The controversy over who should be treated

continues. The median age in this cohort is 62, and in the ab-

sence of reliable biomarkers of potentially aggressive disease,

many physicians will continue to recommend definitive treat-

ment for younger men rather than surveillance. Even healthy

older men will frequently prefer definitive treatment (19).

The recently published experience with active surveillance

by Klotz et al. (20) illustrates the dilemma for both practi-

tioners and patients alike. In that study, those men in a cohort

of active surveillance (n = 453) who later underwent defini-

tive treatment (n = 137) had remarkably unsuccessful out-

comes, with a biochemical no-evidence-of-disease (bNED)

rate of <50% at 3 years. This is a sobering statistic, and al-

though the authors could not demonstrate an overall survival

detriment with active surveillance, given their short median

follow-up of <7 years, a young man who is likely to require

treatment within a 10- to 15-year period can be more assured

of a successful outcome if treated sooner rather than later.

For those patients requiring or desirous of definitive treat-

ment, brachytherapy represents a highly effective option,

with a 7-year DFS rate of 97.2% for FR disease and 81.3%

for IR disease. The lower DFS for IR still compares favorably

to results from dose-escalated EBRT, despite the fact that

EBRT is often combined with HT (21, 22–24). The

actuarial freedom from LF at 7 years for IR patients was

93.5%, comparing very favorably to our institutional

experience with 75.6-Gy three-dimensional conformal

EBRT (50% positive 3-year post-RT biopsies) (21) and

79.8-Gy IMRT (5-year bNED of 76.5%) (25). Further
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escalation to doses exceeding 80 Gy may bring additional im-

provement, but follow-up times are still short for ultrahigh

EBRT doses (23, 26).

The question of possible benefit of combining EBRT and

brachytherapy for IR patients remains open, to be addressed

by on-going multicenter randomized trials such as RTOG

protocol 0232. Our practice with IR patients is to enter

them whenever possible in randomized trials.

Unlike the experience of Morris et al. (2) where 65% of

patients received neoadjuvant HT, only 10% in the present

cohort had HT, and notably none of the IR patients HT was

used solely for prostate size reduction, and several factors

led to decreasing use over time: increasing confidence in han-

dling the technical challenges of larger prostates, use of sys-

tematic baseline voiding studies to select men less likely to

have urinary retention despite a larger prostate, and an anal-

ysis indicating that short-course HT did not prevent postim-

plant urinary retention (27). In addition, the detrimental

effects on potency and quality of life are factors which are of-

ten crucial to younger men in treatment selection. In this anal-

ysis, the use of HT was not predictive of DFS in univariate

analysis, in keeping with that of numerous reports in the lit-

erature showing lack of benefit of HT when combined with

an optimal implant (17, 28–30). Unlike the study by Beyer

et al. (30), we did not see a detriment to overall survival

with the use of HT, but our population was more than a de-

cade younger.

Efficacy is only one factor on which men base their choice

of treatment. The potential for long-term toxicity and effects

on quality of life are clearly also important deciding factors.

Although we demonstrate a satisfactory return to baseline uri-

nary function in the majority of patients, recovery can be pro-

longed, and 17% of the men reported sustained or late

deterioration in urinary symptoms. Our analysis is based on

the most recent IPSS; some higher scores may represent

a transient urinary ‘‘flare,’’ documented to occur in 30% to

35% of patients (31). On the other hand, maintenance of erec-

tile function was excellent; 75% of men who were potent at

baseline reported satisfactory erections at 5 years, with an ad-

ditional 7.9 % having suboptimal erections but still capable

of intercourse. A previous analysis indicated that two-thirds

of our population use, or have used, PDE-5’s (32). This

may be a factor in maintenance of potency, and although

we did not routinely offer PDE-5’s following BT, erectile

function was discussed, and PDE-5 use was encouraged
(33–36). A current randomized RTOG trial is investigating

the routine use of PDE-5’s following BT.

One of the strengths of this study is its ability to define pat-

terns of failure after consistent high-quality prostate brachy-

therapy. All men with a rising PSA level beyond 30 months

were investigated with 12-core TRUS-guided biopsies, ini-

tially, when the PSA reached 3 to 4 ng/ml. If negative, sys-

temic staging would be initiated as the PSA approached 10

ng/ml, and in the absence of metastatic failure, a final

TRUS-guided biopsy was encouraged before initiating HT.

Based on a previous practice of systematic postradiotherapy

prostate biopsies (37), TRUS-guided biopsies were initially

routinely offered at 2.5 to 3 years following brachytherapy.

For the first 125 patients, 120 had negative biopsy results,

and only 5 patients had indeterminate results, all of whom

demonstrated a continuous decline in PSA level. Based on

this, further post-BT biopsies were reserved for those few

men with a rising PSA level beyond 30 months.

Although we were not able to demonstrate a relationship

between the standard dose parameters (V100 and D90) and

LF, very few implants had a D90 of <140 Gy. Within the

recommended dose range of 140 to 180 Gy, local failures

are extremely rare events. We previously reported MRI-

defined treatment margins with this planning approach

and demonstrated satisfactory coverage of a 3-mm margin

around the MRI-defined prostate (38). It may be that those

patients failing locally had disease extent beyond this mar-

gin, but it is more likely that they had either disease in a re-

gion of deficient margin or inherent radioresistance.

Nonetheless, 7-year LF-free survival rates of 98.3% for

FR patients and 93.5% rates for IR patients are excellent

and in keeping with the extremely low local failure rates

reported in the literature (15).
CONCLUSIONS

These results add to the growing body of literature demon-

strating excellent and durable results from high-quality per-

manent seed prostate brachytherapy. We make no claims as

to the superiority of our technique, which is a standard pre-

planned, preloaded Seattle-based approach using predomi-

nantly loose seeds. However, the use of MR-CT fusion

assures the accuracy of postplan quality assessment, and rig-

orous follow-up and investigation of failures have elucidated

the pattern of failure in this dose range.
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