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Abstract 
Purpose: To evaluate the feasibility and to report the early outcomes of focal treatment of prostate cancer using low- 

dose-rate brachytherapy (LDR-PB). 
Material and methods: Seventeen patients were screened with multi-parametric magnetic resonance imaging  

(mpMRI), 14 of whom proceeded to receive trans-perineal template mapping biopsy (TTMB). Focal LDR-PB was per-
formed on five eligible patients using dual air kerma strength treatment plans based on planning target volumes derived 
from cancer locations and determined by TTMB. Patient follow-up includes prostate specific antigen (PSA) measure-
ments, urinary and sexual function questionnaires, repeated imaging and TTMB at specific intervals post-treatment. 

Results: Feasibility of focal LDR-PB was shown and short-term outcomes are promising. While the detection rate of 
tumors, a majority of which were low grade GS 3 + 3, was found to be low on mpMRI (sensitivity of 37.5%), our results 
suggest the potential of mpMRI in detecting the presence of higher grade (GS ≥ 3 + 4), and bilateral disease indicating 
its usefulness as a screening tool for focal LDR-PB. 

Conclusions: Low-dose-rate brachytherapy is a favorable ablation option for focal treatment of prostate cancer, re-
quiring minimal modification to the standard (whole gland) LDR-PB treatment, and appears to have a more favorable 
side effect profile. Further investigation, in the form of a larger study, is needed to assess the methods used and the 
long-term outcomes of focal LDR-PB. 
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Purpose 
Conventional approaches for treating prostate can-

cer (PCa) include radical treatment, mostly in the form 
of radical prostatectomy (RP) and radiation therapy. In 
both methods, the entire gland is targeted, which often 
results in adverse effects on erectile and urinary function 
[1,2,3,4,5]. For the subset of PCa patients with minimal 
risk disease, active surveillance (AS) is the only accepted 
alternative to whole-gland treatment. Patients on AS are 
routinely monitored and conventional radical treatment 
is recommended if progression is observed. However, 
there is a lack of evidence-based consensus defining dis-
ease progression and the need for timely radical therapy. 
Furthermore, monitoring with repeated trans-rectal biop-
sies carries a risk of systemic infection [6,7], and some men 

may experience psychological stress knowing that they 
have an untreated cancer, the behavior of which may be 
unpredictable [8,9,10]. The ProtecT [11] randomized con-
trolled trial, which aims to compare the effectiveness and 
cost-effectiveness of AS, RP, and radiotherapy in men diag-
nosed with localized PCa with a median 10-year follow-up, 
showed no difference between treatment arms with respect 
to prostate cancer specific mortality or death from any 
cause; there was, however, a  lower incidence of disease 
progression including development of metastatic disease, 
favoring upfront treatment with either RP or radiotherapy 
over AS. 

Focal therapy has been proposed as an alternative to 
radical treatment and active surveillance, and is expect-
ed to have an expanding role in the management of PCa 
[12,13]. Even though PCa is frequently multi-focal, some 
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studies suggest that the clinically significant disease is 
often limited to an index lesion [14,15,16,17,18]. In such 
cases, it may be logical to treat only the cancerous part of 
the gland while preserving healthy tissue. 

While an attractive strategy, widespread adoption of 
focal therapy is held back by three important limitations, 
namely: 1) inaccuracy in localizing tumors, due to biop-
sy errors, and inaccuracy in imaging of PCa; 2) difficul-
ty of determining treatment success: following radical 
treatment the most sensitive measure of success is a near 
undetectable PSA value. However, focal treatment spares 
much of the normal glandular tissue, which also produc-
es PSA, eliminating this measure of treatment efficacy; 
3) lack of proven ablation techniques: the ablative proce-
dure used must be reliable, safe, and its range of ablative 
effect precisely quantifiable. 

In this pilot study, the feasibility of focally applying 
LDR-PB for treatment of PCa in selected patients was 
investigated. Our study protocol includes tumor local-
ization and treatment planning based on a densely per-
formed template-guided trans-perineal biopsy, and the 
use of multi-parametric MRI to assess for significant 
disease. This paper reports preliminary clinical results of 
this pilot project. 

Material and methods 
Patient population and eligibility criteria 

The study population consists of 17 patients with fa-
vorable risk prostate adenocarcinoma, recruited between 
August 2013 and October 2016, who were suitable for or 
were on AS (mean age: 61.75 years; range: 47-73 years). 
The mean PSA level upon entry was 6.3 ng/ml (median: 
5.1 ng/ml; range: 0.35-15 ng/ml), and mean prostate vol-
ume was 38.5 ml (median: 33.5; range: 17.9-81.2 ml). 

Initial diagnosis was made on standard trans-rectal 
ultrasound (TRUS) guided prostate biopsy (hereinafter 
referred to as TRUS biopsy) with no fewer than 6 cores 
taken. Eligibility at entry included ≤ 2 positive cores from 
only one lobe, with clinical tumor stage ≤ T2a and Glea-
son score (GS) ≤ 3 + 4, PSA ≤ 10 ng/ml, and no prior ra-
diotherapy to the pelvis. 

Institutional ethics approval was acquired and patient 
consent was obtained. 

Study outline 

Figure 1 illustrates the study schema. Upon consent, 
eligible participants underwent multi-parametric mag-
netic resonance imaging (mpMRI). Results were reviewed 

mp-imaging – multi-parametric imaging, TTMB – trans-perineal template-guided mapping biopsy, AS – active surveillance, LDR-PB – low-dose-rate prostate 
brachytherapy, PE – physical examination, PSA – prostate specific antigen, TRUS – trans-rectal ultrasound, SHIM – Sexual Health Inventory for Men, IPSS – 
International Prostate Symptom score 

Fig. 1. Study schema. The number of patients at each stage of the study is shown in double-bordered boxes
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and undergoes mp-imaging
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Pt undergoes TTMB
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Pt offered the choice of:
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2. Conventional curative treatment
3. Focal LDR-PB

Follow up:
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– At 24 months: repeat mp-imaging and TTMB
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by a single radiologist and suspicious regions were iden-
tified along with a  PI-RADS score [19,20]. Those with 
no extra-capsular extension, neurovascular invasion, or 
positive lymph nodes on imaging, and a PI-RADS score  
≤ 4 out of 5, underwent trans-perineal template-guided 
mapping biopsy (TTMB) to localize cancer. TTMB was 
performed in the surgical suite with the patient in a dor-
sal lithotomy position and under general or spinal anes-
thesia. The focal treatment was planned on the basis of 
the pathology findings from TTMB, and was carried out 
for eligible patients who opted to remain in the study. 

Details of the imaging and TTMB procedures, treat-
ment planning and execution, post-implant dosimetry, 
and follow-up are presented in the sections below. 

Multi-parametric magnetic resonance imaging 

Multi-parametric magnetic resonance imaging (mp-
MRI) was performed using a  Philips Achieva 3.0T MRI 
scanner (Philips Healthcare), located at the University of 
British Columbia MRI Research Centre [21], with a six el-
ement cardiac phased-array coil. Multi-parametric mag-
netic resonance imaging consisted of axial and coronal 
T2-weighted fast spin-echo images, diffusion-weighted 
imaging (DWI), and dynamic contrast-enhanced (DCE) 
imaging. DWI data were collected with b factors (0, 600, 
1000) or (0, 100, 500, 1000) s/mm2, from which apparent 
diffusion coefficient (ADC) maps were computed. DCE 
studies were performed using a 3D T1-weighted spoiled 
gradient echo sequence. First, proton density (PD) imaging 
was performed to allow calculation of the contrast agent 
concentrations in the prostate. Next, T1-weighted images 
were acquired prior to, and following a bolus intravenous 
injection of Gd-DTPA (Magnevist, Berlex Canada). 

Trans-perineal template-guided mapping biopsy

Trans-perineal template mapping biopsy (TTMB)
was performed using the standard LDR-PB setup with 
a 5 mm × 5 mm brachytherapy template (Figure 2). First, 
a  TRUS ‘volume study’ was performed, consisting of  
5 mm spaced axial TRUS images of the prostate overlaid 
with a grid calibrated to match the brachytherapy tem-
plate. Core mapping and treatment planning is done on 
these images. Next, depending on the volume of the pros-
tate, 20-50 cores were extracted from selected grid loca-
tions using a Bard biopsy gun (Bard Inc., NJ, USA) with 
18 G × 25 cm needles and a 22 mm throw. Our goal was to 
uniformly sample the prostate while limiting the number 
of extracted cores to avoid excessive trauma to the gland, 
and to avoid sensitive regions such as the urethra. Where 
the length of the prostate was greater than the throw of 
the gun, two cores were extracted, first proximal and then 
distal. Core grid locations and their craniocaudal depths 
(with a precision of 5 mm – the volume study image spac-
ing) were recorded. 

The samples were prepared immediately by two 
histology technicians, with the distal ends marked, and 
then sent for conventional embedding and H&E staining.  
The biopsy samples were reviewed by a  single pathol-
ogist. For every core, the presence of cancer, Gleason 
score, tumor location and length of involvement within 

the core, along with other anomalies such as high-grade 
prostatic intraepithelial neoplasia (PIN) and prostatitis 
were reported. 

Patients were given intraoperative prophylactic anti-
biotics (1 gram cefazolin IV) and were discharged from 
day care when they were able to void and had recovered 
from anesthesia, approximately 1-2 hours after the proce-
dure. Trans-perineal template mapping biopsy required 
60-90 minutes operating room time, including patient 
preparation. 

Patients with TTMB indicating unilateral PCa were 
deemed eligible for and were offered focal LDR-PB, in 
addition to standard options of remaining on AS or rad-
ical treatment. 

Treatment planning 

The general approach to planning focal LDR-PB fol-
lowed our standard practice for whole gland brachyther-
apy, with some adaptations to limit the dose deposition 
to smaller targets, thereby providing additional sparing 
of the urethra, bladder neck, rectum, and the nerves re-
sponsible for erectile function, as well as the majority of 
healthy glandular prostate epithelium. The focal gross 
tumor volume (F-GTV) was defined as TTMB derived 
cancer locations. These were mapped onto the TRUS vol-
ume study using the localization information recorded 
during TTMB. The focal clinical target volume (F-CTV) 
was defined as the F-GTV, plus a 5 mm margin in all three 
dimensions, cropped to the prostate boundary. The focal 
planning target volume (F-PTV) was drawn based on the 
F-CTV, and included the surrounding un-sampled grid 
locations up to grid points with negative biopsy results. 
Such margins were added to account for potentially un-
detected tumors in un-sampled regions, and F-GTV local-
ization errors. 

Extra-prostatic extension of the F-PTV was allowed 
up to 4-5 mm from the prostate boundary except poste-
riorly. The rectum was delineated from 1 cm superior to 
the base to 1 cm inferior to the apex. As urethral contrast 
was not used during imaging, a  5 mm radius urethral 
avoidance structure was contoured according to [22]. 

Contouring was performed with the MIM Symphony 
(MIM Software, Cleveland, OH, USA) and planning was 

Fig. 2. Trans-perineal template-guided mapping biopsy 
setup
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performed with the VariSeed 8.0 planning system (Varian 
Medical Systems, CA, USA). 

Because focal therapy PTV’s are generally smaller 
than typical whole gland treatment volumes, a higher to-
tal source strength density (U/cm3) is required to deliver 
the prescription dose [23]. Figure 3 illustrates the total air 
kerma strength density as a function of the 100% isodose 
volume for plans created in our center using 0.4 U sourc-
es. Therefore, in order to limit the F-PTV seed density, we 
employed a dual air kerma strength planning approach in-
tended to achieve adequate dose coverage with reasonable 
(e.g. ~ 0.7 cm) inter-source spacing, but also avoiding high 
strength sources near the rectum and urethra. The resulting 
plans delivered a prescription dose of 144 Gy to the F-PTV 
using a combination of low strength sources (0.4 U), placed 
towards the prostate center, and high strength sources  
(0.8-0.9 U), placed at the prostate periphery (except posteri-
orly near the rectum), with the goal of meeting dosimetric 
constraints: F-PTV V100 ≥ 98%, and 55% < F-PTV V150 < 65% 
of structure volumes. The exception was patient #17, in 
which due to the very small F-PTV size, a single high air 
kerma strength plan (0.732 U) was employed. Dose to the 
rectum and urethra were minimized as much as possible 
(urethra V100 ≤ 30%, and rectum V100 ≤ 5% of structure 
volumes). The dose to the organs at risk varied somewhat 
from patient to patient depending on their proximity to the 
F-CTV, but were lower than the doses that would be re-
ceived in whole gland LDR-PB. A TG43 point source mod-
el with anisotropy factors was used for the dose calcula-
tions. Stranded source trains with Oncoseed 6711 sources 
(Oncura Inc., Arlington Heights, IL, USA) were used, and 
implantation was performed under TRUS and fluoroscopy 
guidance as in whole gland LDR-PB. Details of the plan-
ning procedure are presented in [24]. 

Post-implant day-0 CT was performed 2-3 hours post 
implant. Structures (prostate, urethra, bladder, and rec-
tum) were manually outlined, and source identification 

(i.e. the identification of low and high source strengths) 
was performed using an in-house automatic plan recon-
struction algorithm [25]. In this unique algorithm, sourc-
es identified on day-0 CT are registered to the treatment 
plan. By finding the correspondence between the sources 
on day-0 CT and the treatment plan, and considering that 
the source activities are known in the treatment plan, it is 
possible to identify the activity of each source on day-0 CT. 

In standard LDR-PB, the CTV (i.e. the prostate bound-
ary) is fairly visible and is outlined on day-0 CT images for 
post-implant dosimetry. Since in focal therapy, the F-CTV 
is an irregular shaped region with no visible boundaries, 
it is not possible to directly identify it on day-0 CT imag-
es. We devised a two-step method to map TRUS planning 
contours onto day-0 CT images. First, the TRUS planning 
contours were mapped onto pre-treatment MRI images 
using an in-house 3D model-based deformable registra-
tion algorithm with a  constant elasticity map [26]. This 
step is performed to correct for the posterior warping of 
the prostate in TRUS images due to the presence of the 
probe, which is absent in MRI and day-0 CT. Next, the 
resulting contours were mapped onto day-0 CT using 
manual rigid registration between MRI and day-0 CT. 
Dose metrics, as listed in Table 2 under post-implant do-
simetry, were then computed for the F-CTV, urethra and 
rectum using the VariSeed software. 

Follow-up 

Follow-up of focally treated patients includes phys-
ical examination, PSA, TTT measurements, IPSS (Inter-
national Prostate Symptom score), and SHIM (Sexual 
Health Inventory for Men) questionnaires at 6 weeks and 
every 3 months post-treatment, up to 24 months, and ev-
ery 6 months thereafter; mpMRI repeated 1 and 2 years 
post-treatment, and TTMB at 2 year follow-up. If evidence 
of persistent disease is observed, patients are recommend-
ed to proceed with surgical extirpation. 

Results 
Table 1 describes the TTMB results, eligibility, and the 

treatment of choice for the study population. The number of 
patients at each stage of the study is shown in Figure 1. A to-
tal of 17 patients was enrolled in the study, three of whom 
did not continue after mpMRI (patients #3, #7, and #14). 

Out of the 14 remaining patients, seven were consid-
ered ineligible after TTMB: TTMB results indicated bilat-
eral disease in six patients. One (patient #2) was advised 
to exit the study due to contradictory results. In this pa-
tient, TTMB and 3 previous TRUS biopsies reported tu-
mor in opposite lobes while nothing suspicious was ob-
served on mpMRI. Seven were eligible for focal LDR-PB, 
five of whom received focal LDR-PB. 

No complications were observed after TTMB. Twelve 
repeat mpMRI has been performed on three focally treat-
ed patients (patients #5, #6, and #13). At 12 months, no 
suspicious lesion is seen on the repeat mpMRI of pa-
tients #5 and #13; patient #6 shows a small (≤ 0.25 cm3) 
PI-RADS 3 area in the treated lobe (> 0.3 cc, peripheral 
zone, posterior base). From the 24 month repeat mpMRI 
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Fig. 3. Total air kerma strength density as a  function of 
100% isodose volume for plans created in our center using 
0.4 U sources
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performed on patients #5 and 6, a PI-RADS 3 area is re-
ported in the treated region of patient #5 (> 0.9 cc, central 
zone, lateral base, and mid-gland), whereas no suspicious 
region is seen in patient #6. 

At 24 months, two patients (patient #5 and #6) re-
ceived repeat TTMB. In comparison to the tumor present 
in the original pre-treatment TTMB (Figure 4A), pathol-
ogy for the repeat TTMB showed no evidence of residu-
al viable tumor. However, many of the biopsy cores for 
both patients showed glandular atrophy and degener-
ative-type nuclear atypia, consistent with the effects of 
LDR-PB. These findings were apparent on both the treat-
ed and untreated sides, but to a much greater extent on 
the treated side (Figure 4B, C). The benign nature of these 
atrophic glands is supported by the presence of an intact 
myoepithelial layer staining positive for the myoepithelial 
immunohistochemistry marker p63 (Figure 4D). In a few 
of these biopsy cores, localizing to similar areas showing 

positivity for tumor in the original TTMB biopsies, there 
were tiny foci of haphazardly arranged atrophic glands 
(Figure 4E), and a  few glands showed possible absence 
of myoepithelial cells based on immunohistochemical 
staining for p63 (Figure 4F). Therefore, it was difficult to 
unequivocally determine if these represented atrophic 
tumor glands or normal glands. However, direct com-
parison of the morphology of these atypical glands with 
tumor glands in the original biopsies showed no histo-
logical resemblance. Therefore, repeat TTMB biopsies in 
both patients were diagnosed as benign, and classified as 
showing complete histologic response to radiotherapy. 

Multi-parametric magnetic resonance imaging 
and template-guided mapping biopsy results 

In total, 435 TTMB cores were extracted, 1 ± 0.3 cores 
per cc of prostate volume (range: 0.6-1.8), out of which 50 

Table 1. Multi-parametric magnetic resonance imaging and trans-perineal template-guided mapping biopsy 
results, and the treatment of choice for the study population 

Patient mpMRI TTMB Highest 
GS from 
pre-en-
rollment 

TRUS 
biopsy

Eligible 
for focal 
LDR-PB?

Treatment* Reason for 
ineligibility Prostate 

vol. (cc)
Highest 
PI-RADS

No. cores 
extracted

No. 
positive 
cores

Highest 
GS 

Total PCa 
extent 
within 
cores 
(mm)

1 20.0 3 28 2 3 + 4 6.5 3 + 4 N LDR-PB Bilateral PCa

2 17.9 No lesion 
found

32 2 3 + 3 4 3 + 3 N AS Contradictory 
biopsy results

3 81.2 4 – – – – 3 + 3 Withdrew AS

4 26.5 2 24 2 3 + 3 5.2 3 + 4 Y RP

5 63.5 3 48 2 3 + 3 4 3 + 3 Y Focal LDR-PB

6 29.7 3 29 3 3 + 3 7.1 3 + 3 Y Focal LDR-PB

7 50.7 3 – – – – 3 + 3 Withdrew Status  
unknown

8 48.5 3 38 5 4 + 3 15 3 + 4 N LDR-PB Bilateral PCa

9 29.2 2 32 8 3 + 3 41.5 3 + 3 N AS Bilateral PCa

10 20.2 3 22 5 3 + 3 16 3 + 3 N LDR-PB Bilateral PCa

11 66.0 3 38 3 3 + 4 4 3 + 4 N LDR-PB Bilateral PCa

12 34.3 3 23 5 3 + 3 7 3 + 3 N LDR-PB Bilateral PCa

13 43.0 4 30 2 3 + 3 4 3 + 3 Y Focal LDR-PB

14 19.1 5 – – – – 3 + 4 N AS Large PI-RADS 
5/5 anterior 

lesion on  
mpMRI. TTMB 
not performed

15 22.5 4 22 3 3 + 4 6.5 3 + 4 Y Focal LDR-PB 

16 48.9 3 41 5 3 + 4 8.5 3 + 4 Y AS

17 33.5 4 28 3 3 + 4 3 3 + 4 Y Focal LDR-PB

*As of December 2016 
mpMRI – multi-parametric magnetic resonance imaging, TTMB – trans-perineal template mapping biopsy, AS – active surveillance, LDR-PB – low-dose-rate prostate 
brachytherapy, RP – radical prostatectomy, PCa – prostate cancer, GS – Gleason score 
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(11%) were positive for PCa. Out of the 14 patients who re-
ceived both TTMB and mpMRI, 11 had PI-RADS ≥ 3 lesions 
on mpMRI. 

An indication of unilateral disease based on TRUS bi-
opsy is required upon entry, however, six patients were 
found to have bilateral PCa on TTMB. Three bilateral PCa 
cases were detected on mpMRI, two of which were indeed 
bilateral on TTMB. 

One patient (patient #4) received RP. Final pathology 
from the RP indicates GS 3 + 4 mostly on the left postero-
lateral and anterolateral inferior half, and left posterior 
portion of the apex. This concurs with TRUS biopsy and 
TTMB results. However, TTMB indicated a maximum GS 
of 3 + 3, whereas pathology results from RP detected 3 + 4. 

We performed a  sector based comparison between 
mpMRI-based radiologist findings and the results of 
TTMB. Twelve sectors were considered: left, right, ante-
rior and posterior in the base, mid-gland and apex [27]. 
Multi-parametric magnetic resonance imaging findings 
and TTMB results were manually mapped onto the cor-
responding 12 sectors. If we consider only PI-RADS ≥ 3 
lesions, the sensitivity (true positives) of mpMRI in local-

izing PCa in our cohort was 37.5%. The specificity, posi-
tive predictive value, negative predictive value, and accu-
racy of mpMRI-based PCa detection were 94.4%, 63.2%, 
86.6%, and 83.9%, respectively. However, among the GS 
7 lesions (n = 12 cores), 10 cores were correctly identified 
on mpMRI, suggesting a higher sensitivity to GS ≥ 7, as 
expected.

Treatment planning 

Planning information and post-implant dosimetry for 
the five focally treated patients are provided in Table 2. 
Figure 5 shows treatment plans at three levels: the base, 
mid-gland, and apex for three cases. F-PTV coverage in pa-
tient #5 was compromised due to significant overlap with 
the urethral avoid, and the desire to spare this region. 

Prostate specific antigen, International Prostate 
Symptom score, and Sexual Health Inventory  
for men results 

Prostate specific antigen kinetics of patients treated 
with focal LDR-PB, whole gland LDR-PB and those on 

Table 2. Planning information and post-implant dosimetry for the focal low-dose-rate brachytherapy patients 

Patient #5 Patient #6 Patient #13 Patient #15 Patient #17

Planning dosimetry

F-PTV vol. [cc] 12.9 12.8 9.3 9.3 5.5

F-PTV vol./Prostate vol. 0.20 0.43 0.22 0.41 0.16

Source strength [U] 0.868, 0.417 0.941, 0.417 0.941, 0.417 0.732, 0.413 0.732

Total source strength/ 
100% isodose volume

0.92 0.94 1.12 1.09 1.31

# needles (H, L) 5, 4 4, 4 4, 2 4, 4 6

# sources (H, L) 15, 14 14, 13 13, 7 13, 12 15

Mean seeds/needle 3.23 3.38 3.34 3.13 2.5

F-PTV V100 [%] 88.6 94.9 96.5 95.4 98.0

D90 [Gy] 137.5 158.6 165.3 162.9 172.6

V150 [%] 49.2 64.1 66.9 63.7 68.2

Rectum D1cc [Gy] 44.7 86.0 33.5 60.5 21.8

V100 [cc] 0.0 0.0 0.0 0.0 0.0

Urethral avoid V125 [cc] 0.3 0.0 0.0 0.3 0.0

V30 [%] 88.9 94.4 83.7 100 74.9

Post-implant dosimetry

F-CTV V100 [%] 88.8 94.0 92.8 92.3 84.3

V150 [%] 57.1 63.3 62.8 61.5 50.2

Rectum D1cc [Gy] 50.2 69.5 34.9 81.6 39.3

V100 [cc] 0.0 0.0 0.0 0.1 0.0

Urethra V125 [cc] 0.0 0.0 0.0 0.0 0.0

V30 [%] 61.3 88.3 15.4 88.1 64.4

F-PTV – focal planning target volume, (H, L) – high strength, low strength, F-CTV – focal clinical target volume, V100%, V150%, V125%, V30% – volume of the anatomic volume 
receiving 100%, 150%, 125%, 30% of the prescribed dose, D90 – minimum prescribed dose received by 90% of the anatomic volume, D1cc – minimum dose to the most 
exposed 1 cm3 

https://www.ncbi.nlm.nih.gov/pubmed/21944824
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active surveillance (one of whom underwent RP) are plot-
ted in Figure 6A-C (median follow-up 24, 30, 27 months, 
respectively), with baseline PSA defined as values imme-
diately prior to TTMB. 

Post-operative PSA in LDR-PB patients are declining. 
There is no specific trend seen in PSA values in those 

treated with focal LDR-PB and AS. Less decrease in 
post-operative PSA values of patients treated with focal 
LDR-PB compared to those of whole-gland LDR-PB is ex-
pected due to the presence of untreated glandular tissue. 

Figures 6D-G demonstrate the SHIM and IPSS trends 
at baseline (immediately prior to focal LDR-PB) and post 

Fig. 4. A) Original pre-treatment trans-perineal template mapping biopsy (TTMB) biopsy from patient #5 demonstrating Gleason 
score 3 + 3 = 6 adenocarcinoma demonstrated in the lower half of the image, with benign gland present in the top half of the image. 
B) Post-treatment TTMB biopsy from untreated half of prostate, showing moderate glandular atrophy. C) Post-treatment TTMB 
biopsy from treated half of prostate, showing marked glandular atrophy. D) p63 immunohistochemistry demonstrating intact 
myoepithelial layer around atrophic glands. E) Tiny foci of haphazardly arranged glands in neighborhood of the site of identified 
tumor in original biopsy. F) p63 immunohistochemistry showing only rare myoepithelial cells associated with this atypical focus
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treatment (median SHIM follow-up 21 and 26 months, 
and IPSS follow-up 24 and 26 months for the focal  
LDR-PB and whole-gland LDR-PB groups, respectively). 
Higher SHIM and lower IPSS scores indicate better sexu-
al and urinary health, respectively. 

International Prostate Symptom score and SHIM 
scores in focal LDR-PB patients are relatively stable. Two 
patients (patient #5 and #13) had severe erectile dysfunc-
tion both prior to and post focal treatment. The other 
patient (patient #6) showed very good SHIM and IPSS 

Fig. 5. Implanted dual strength plans for three focal LDR-PB patients showing central low strength (cyan) and peripheral high 
strength (pink/red) sources. In the needle distribution (row 1), the icons circle, triangle, square, diamond, and inverted triangle 
represent needles planned to retraction planes 0 cm, 0.5 cm, 1 cm, 1.5 cm, and 2 cm inferior to the base. The coordinates of the 
positive cores are marked by a cross. Source distributions are shown for the base, mid-gland, and apex (rows 2-4)
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Fig. 6. PSA kinetics of patients treated with (A) focal 
LDR-PB, (B) whole gland LDR-PB, and (C) those on active 
surveillance (AS) or radical prostatectomy (RP). Base-
line is the time of PSA measurement before, but closest 
to TTMB. SHIM scores for (D) focal LDR-PB (with more 
than 6 months of follow-up) and (E) whole gland LDR-PB 
patients. IPSS scores for (F) focal LDR-PB and (G) whole 
gland LDR-PB patients. Baseline values are scores collect-
ed prior to treatment. Time of TTMB is marked by an as-
terisk (*) and time of treatment is marked by a circle (○). 
Data points are marked as dots or stars. Plots are labeled 
with the corresponding patient number

A

C

GF

B

D E

Mild ED

Mild to moderate ED

Moderate ED

Severe ED

Mild ED

Mild to moderate ED

Moderate ED

Severe ED

Focal LDR-PB

LDR-PB AS (RP)

Focal LDR-PB LDR-PB

Focal LDR-PB LDR-PB



Journal of Contemporary Brachytherapy (2017/volume 9/number 3)

S. Sara Mahdavi, Ingrid T. Spadinger, Septimiu E. Salcudean, et al.206

scores both prior to and after focal LDR-PB (patient #15 
and 17 are recently treated, and hence, are not included in 
the plots). In whole gland LDR-PB patients, SHIM scores 
have either remained unchanged or worsened, and IPSS 
scores have increased compared to baseline and have not 
returned to baseline for two of the four patients. 

No gastrointestinal, genitourinary, or grade 3 + tox-
icity (LENT/SOMA scale [28]) was observed in the focal 
LDR-PB patients immediately after treatment or at fol-
low-up. 

Discussion 
Few groups have investigated the use of LDR-PB for fo-

cal treatment [29,30], and long-term outcomes of focal LDR-
PB are unknown. To date, based on clinicaltrials.gov, only 
five groups are actively recruiting patients for focal prostate 
brachytherapy [31,32,33,34,35], one being our center. 

A main limitation of this study is the small population 
size. While these preliminary results can provide valu-
able insights toward a larger study, we understand that it 
is not possible to draw meaningful conclusions. 

Another limitation of this study and focal LDR-PB in 
general, is the lack of enough data on what the appropri-
ate approach should be in case of recurrence or spread 
of disease. We do not have direct experience, as patients 
who received repeat TTMB at 24 months did not show 
any sign of recurring PCa. In whole gland treatment, fo-
cal salvage LDR-PB has been suggested for recurring PCa 
after LDR-PB or prostatectomy [36,37]. If disease is con-
fined to the contralateral side, we might suggest a second 
focal LDR-PB on that side. 

Post-implant dosimetry requires accurate localization 
of the implanted sources and delineation of the targeted 
area (i.e. F-CTV). We devised a two-step approach to map 
the TRUS-based planning F-CTV onto day-0 CT, with the 
help of pre-treatment MRI images. A combination of con-
tour-based automatic deformable registration and image- 
and contour-based manual rigid registration was used. 
The accuracy of this approach relies on accurate delinea-
tion of the boundaries. Furthermore, manual registration 
is observer dependent. A possibly more reliable approach 
would be the use of fiducial markers implanted in the pros-
tate a few weeks before imaging (to allow adequate time for 
the markers to fixate within the tissue). This will, however, 
require an additional procedure in the operating room. 

One of the contributions of this study is the use of dual 
source strength planning with the purpose of addressing 
issues related to treating smaller (e.g. focal) targets. In 
a small target, single strength low activity seeds result in 
overly dense plans, which are difficult to implant; with 
high activity seeds, it is difficult to deliver the prescribed 
dose while avoiding the risk of overdosing critical regions, 
especially when considering the possibility of seed mis-
placement. With a dual source strength planning strategy, 
we were able to achieve the required dose distribution 
with a reasonable number of needles. In a separate article, 
we studied the characteristics and robustness to source 
displacement in dual source strength plans vs. single 
high, intermediate, and low source strength plans for focal 
LDR-PB. We showed that the use of dual source strength 

treatment plans for focal LDR-PB is possibly the practical 
solution for limiting the density of sources required to de-
liver the prescribed dose, while limiting proximity of high 
strength sources to organs at risk [24]. 

Trans-rectal ultrasound biopsies are known to be un-
reliable in localization and risk stratification [38,39,40]. In 
this study, 6 out of the 17 patients with unilateral PCa 
on TRUS biopsy were deemed ineligible on TTMB for 
focal LDR-PB due to bilateral disease. Template-guided 
mapping biopsy has been proposed as a more accurate 
approach to re-staging prior to focal therapy with few 
and minor complications [41,42,43]. It has the advantage 
of providing an accurate three dimensional map of PCa, 
which is reproducible for focal treatment and follow-up 
biopsies, and is particularly attractive for focal LDR-PB, 
since it uses the same system applied for LDR-PB volume 
study and quality assurance. Based on an analysis simi-
lar to that in [44], at a 1 cm grid spacing (similar to our 
TTMB core density of 1 ± 0.3 cores/cc), a  0.5 cc tumor 
– the threshold for tumor significance [45] – has a > 85% 
probability of being detected. Disadvantages of TTMB 
include higher cost and complexity. It requires operat-
ing room time with regional or general anesthesia, and 
processing of a large number of biopsy cores. However, 
it can be particularly useful in detecting anterior tumors, 
which are present in up to 30% of cases [46], but are often 
missed by TRUS biopsy. In our study, half of the positive 
cores were located in anterior half of the gland. 

Multi-parametric magnetic resonance imaging-based 
sensitivity in localizing tumors was low in this study. We 
attribute this, compared to that in the literature [47, and 
references therein], to the lower-risk population used in 
this study, i.e. those on AS with a small tumor extent per 
core (mean ± standard deviation 2.6 ± 2.6 mm; median:  
2 mm; range: 0.5-11 mm), a majority of lesions identified 
as PI-RADS 3 (9 out of 17 cases), and GS of 3 + 3 in 38 of 
the 50 cores (76%). The location and aggressiveness of the 
tumors and the use of endorectal coil is shown to greatly 
affect the detection rates [47,48,49]. Furthermore, high-
er b-value DWI (1400-2000 s/mm2) is recommended in 
PI-RADS v2 [19]. Finally, it is important to consider the 
inter- and intra-observer variability in manual interpre-
tation of mpMRI. In this study, interpretation was per-
formed by a single radiologist. 

Studies on MRI and AS mainly concentrate on using 
MRI for detecting or ruling out clinically significant dis-
ease, which might prompt a  change from AS to radical 
treatment. A systematic review paper on MR imaging in 
AS [50] summarizes that a lesion suspicious for prostate 
cancer is seen on MRI in roughly two-thirds of men suit-
able for AS. In our study, 9 of 14 patients had PI-RADS 
≥ 3 lesions confirmed by TTMB in a region negative for 
PCa by TRUS biopsy. In summary, our results suggest 
that mpMRI can be a useful screening tool for detecting 
significant GS ≥ 7 PCa within the prostate, and for detect-
ing bilateral disease for focal LDR-PB treatment, possibly 
eliminating the need for TTMB if bilateral PCa is found. 

As a further step, we plan to combine and correlate im-
aging data collected prior to and after treatment with TTMB 
results. The current protocol includes the collection of MR 
elastography and mpTRUS data. Magnetic resonance elas-
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tography is performed as a part of the mpMRI procedure 
[51,52] and mpTRUS, which also includes TRUS elastogra-
phy that is collected immediately prior to TTMB [53,54,55]. 
A sufficiently accurate image-based cancer detection meth-
od (e.g. resulting in cancer maps from multi-modality, 
multi-parametric imaging) would have the potential to re-
place TTMB and TRUS biopsy for initial patient selection, 
and for monitoring the efficacy of treatment. 

Conclusions 
Our preliminary results suggest the feasibility of 

LDR-PB for focal treatment. In particular, it can be easily 
customized to treat a partial prostate volume with almost 
no modification to the standard treatment procedure, and 
appears to have a more favorable side effect profile. How-
ever, being at an early stage, great care should be taken in 
patient selection and implementation, and further studies 
on larger populations are required for better evaluation 
of the methods used and to assess long-term outcomes. 
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