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Abstract 
Focal therapy for prostate cancer has been proposed as an alternative treatment to whole gland therapy, offering 

the opportunity for tumor dose escalation and/or reduced toxicity. Brachytherapy, either low-dose-rate or high-dose-
rate, provides an ideal approach, offering both precision in dose delivery and opportunity for a highly conformal, 
non-uniform dose distribution. Whilst multiple consensus documents have published clinical guidelines for patient 
selection, there are insufficient data to provide clear guidelines on target volume delineation, treatment planning mar-
gins, treatment planning approaches, and many other technical issues that should be considered before implementing 
a focal brachytherapy program. Without consensus guidelines, there is the potential for a diversity of practices to 
develop, leading to challenges in interpreting outcome data from multiple centers. This article provides an overview 
of the technical considerations for the implementation of a clinical service, and discusses related topics that should be 
considered in the design of clinical trials to ensure precise and accurate methods are applied for focal brachytherapy 
treatments. 
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Purpose 
Focal therapy has been proposed as the next major 

change in the way prostate cancer is treated; with only 
sub-regions of the prostate receiving high doses of radi-
ation there is the potential for significant reductions in 
treatment related toxicity compared with conventional, 
whole gland treatments [1]. There is also the opportunity 
to escalate the dose to sub-regions of the gland, offering 
the potential for increased tumor control rates. Despite 
the potential advantages of focal therapy and demand 
from patients for improved treatment options, it is infre-
quently practiced. In this article, we will review current 
practices and suggest ways focal treatments could be in-
troduced into the clinic. 

The use of active surveillance in low and low-in-
termediate risk group patients has been recommended 
widely, citing the concern for undesirable side effects 
from treatment in patients at low-risk of death due to 
their disease [2]. However, the selection criteria for ac-
tive surveillance remain controversial and unsuitable 
for anxious or non-compliant patients, and so there ex-
ists a need to develop treatment techniques that are cost 
effective, clinically effective, and with minimal toxicity. 
Focal therapy for prostate cancer has been the subject 
of discussion within multiple consensus groups [3,4,5,6]. 

Each of these groups have provided recommendations 
for patient selection and, whilst it has been estimated 
that up to 75% of all low-risk prostate cancer patients 
may benefit from some form of focal therapy [6], to date 
only a small number of studies have reported clinical 
outcomes [7,8,9]. Despite the potential advantages of 
sparing normal tissue and lack of evidence for clinical 
effectiveness, we suggest there are likely to be multiple 
technical challenges and uncertainties that have limited 
widespread adoption of focal brachytherapy. Within 
this article, we will explore some of the technical chal-
lenges of introducing a focal brachytherapy program, 
and discuss the advantages and disadvantages of the 
various approaches that have been reported in the liter-
ature. Non-brachytherapy approaches to focal therapy 
are beyond the scope of this article. Similarly, we have 
not included a full discussion on “focal boost” strategies 
[10,11,12,13,14], though many of the techniques we de-
scribe could apply to this treatment approach. The focus 
of this paper is to demonstrate how advanced technolo-
gy may be exploited in developing a scientific approach 
to focal brachytherapy that will not only provide high 
quality treatments, but also provide a guide for the de-
velopment of focal brachytherapy trials to determine the 
optimal approach to treatment. 
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Low-dose-rate or high-dose-rate brachytherapy? 
Whole gland, ultrasound-guided treatment using 

low-dose-rate (LDR) brachytherapy has been in routine 
clinical practice for well over twenty years, with many 
studies confirming high rates of tumor control in low-risk 
prostate cancer patients [15]. Whilst rectal side effects and 
erectile dysfunction rates are favorable compared with 
surgery and external beam radiotherapy, acute urinary 
bother is frequently reported and considered the major 
disadvantage of this treatment approach [16]. To over-
come this limitation, focal LDR brachytherapy has been 
proposed as an option for appropriately selected patients 
[3]. Selection of isotope may depend on considerations of 
underdosing due the effects of edema, and overdosing 
the urethra due to seed migration [17]. However, in the 
few clinical studies reported, 125I is most commonly used 
in LDR focal applications [9]. 

To date, few studies report the results of clinical out-
comes using 125I focal brachytherapy. Cosset et al., in 
a study of 21 patients, reported focal brachytherapy is fea-
sible with little acute toxicity [7]. The target volume select-
ed for irradiation was defined on mpMRI with a “rather 
large safety margin” such that approximately one-third of 
the entire prostate received 145 Gy. With a median fol-
low-up of less than 18 months, it is too early to assess tu-
mor control and long-term toxicity. Nguyen et al. reported 
the results of 318 patients with cT1c disease that received 
137 Gy 125I brachytherapy to the peripheral zone, noting 
that there is a low-risk of tumor foci in the anterior base, 
and that implanting seeds into this region has been asso-
ciated with obstructive symptoms [8]. With a median fol-
low-up of 5.1 years, 17 patients had biopsy proven local 
recurrence. In the case of low-risk disease (initial prostate 
specific antigen [PSA] < 10 ng/ml and Gleason score 3 + 3), 
biochemical control rates at 5 and 8 years were 95.6% and 
90%, respectively. However, in the case of the intermedi-
ate risk patients (PSA 10.1 to 15 ng/ml and Gleason score 
3 + 4), biochemical control rates were 73% and 66.4% at 
5 and 8 years, respectively, and hence these authors sug-
gested that the peripheral gland approach may not be ap-
propriate in these patients. 

In the case of high-dose-rate (HDR) brachytherapy, 
whilst there are a number of planning studies exploring 
focal monotherapy treatment approaches, the results of 
clinical trials are yet to be reported [11,12,18]. The low α/β 
ratio for prostate cancer suggests HDR may be advanta-
geous compared with LDR brachytherapy [19] in addition 
to the ability to optimally sculpt the radiation dose and 
achieve consistent implant quality [20]. 

Target delineation 
Several approaches to target volume delineation have 

been proposed. The consensus group led by Langley 
et al., using an LDR approach presented three scenari-
os, which can be summarized as: 1) ultra-focal therapy, 
whereby the volume of tissue treated is confined to the 
region containing the cancer; 2) focal therapy (also known 
as hemi-gland therapy), whereby the contralateral gland 
is spared; 3) focused therapy, where the ablative dose is 

confined to the tumor bearing region, with the remaining 
gland receiving a lower dose [3]. Other approaches using 
a geometric (rather than anatomical) subdivision have 
been described, for example the HDR planning study of 
Mason et al. used a sector approach to boost sub-volumes 
[21]. The definition of target volume for ultra-focal and/
or focused therapy is controversial [22]. Prostate cancer 
is typically multifocal with the dominant or index lesion 
typically defined as the tumor with the largest volume. 
Whilst there is some evidence to suggest that the charac-
teristics of the index lesion will predict clinical outcome 
[23,24], smaller non-index tumors, not easily detected on 
imaging or biopsy, may contain poorly differentiated ele-
ments, which may ultimately determine the risk of metas-
tases [25]. So, while the ultra-focal approach may provide 
maximal healthy tissue sparing, this approach needs to 
be used with caution, and every effort made to rule out 
significant cancers in the smaller lesions. The “focused” 
approach takes into account the multi-focal nature of the 
disease, with the lower dose taking care of smaller tumor 
volumes not easily detected on biopsy or multiparametric 
magnetic resonance imaging (mpMRI). 

There appears to be a consensus that mpMRI plays 
a role in focal therapy [26]. Firstly, mpMRI may be used 
to guide biopsy with several authors indicating mpMRI 
guided biopsy has a high negative predictive value [27] 
and may improve the detection of clinically significant 
cancers [28]. Similarly, mpMRI is the most common-
ly suggested method for defining gross tumor volume 
(GTV) due to its high sensitivity and specificity [29]. Sev-
eral studies have attempted to validate tumor volume 
delineation on mpMRI using pathology as the ‘ground 
truth’ [30,31,32]. Such studies are challenging and require 
sophisticated methods for co-registration of histology 
and mpMRI [31]. Furthermore, machine learning tech-
niques have been used to develop predictive models to 
produce accurate and automated methods for tumor de-
lineation [30,33]. To account for uncertainties in defining 
the extent of the disease, an additional margin is typically 
applied to create the clinical target volume (CTV). Addi-
tional margins are required to account for a large range 
of uncertainties, such as those from resolution of the im-
aging data, image co-registration, and treatment delivery 
uncertainties. Each of these uncertainties must be quan-
tified for the specific imaging and treatment delivery ap-
proaches. A full review of these uncertainties is beyond 
the scope of this paper, however, the use of statistical 
methods (probability maps) may offer a flexible approach 
to incorporation of these uncertainties [32,34]. 

Multiparametric MRI is generally recognized as a use-
ful tool in the staging and grading of newly diagnosed 
prostate cancer, and the PI-RADS system provides rec-
ommendations for reporting clinically significant cancers 
[35]. Historically, positron emission tomography (PET) 
imaging has largely been used in the diagnosis and man-
agement of systemic disease [36] and therefore, in the 
context of focal therapy, only useful in identifying pa-
tients unsuitable for highly localized (focal) treatment. In 
recent years, there has been a growing interest in the use 
of 68Ga-PSMA PET in combination with mpMRI in the 
diagnosis and staging of primary and recurrent cancer. 
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Several small studies have demonstrated that 68Ga-PSMA 
PET was more specific for prostate cancer than mpMRI 
alone, when compared with whole mount histology 
[37,38,39,40]. However, these validation studies typical-
ly divided the prostate into sextants for analysis of sen-
sitivity and specificity. This approach may be adequate 
for a hemi-gland or sector approach, but in the case of 
focal or focused approaches, mpMRI will remain essen-
tial for GTV delineation with 68Ga-PSMA PET playing an 
important role in confirming selection of suspicious re-
gions on mpMRI for treatment. Furthermore, we believe 
68Ga-PSMA PET will play a significant role in identifying 
patients with true locally recurrent prostate cancer and 
low PSA who may be suitable for focal salvage therapy 
[41,42,43]. 

Precise delineation of tumor volumes should provide 
maximal sparing of organs at risk (urethra, bladder, neu-
rovascular bundles, and rectum). However, Mason et al., 
using an HDR focal boost (with whole gland EBRT) com-
pared a target volume defined on mpMRI approach with 
a sector approach, which involved dividing the base, 
mid-gland, and apex into quadrants. Minimal differences 
were seen between conventional and boost plans [21]. In 
this study, the target volumes were defined with a gener-
ous 4.5 mm margin around the tumor to take into account 
delineation and mpMRI/TRUS co-registration uncertain-
ties – these uncertainties may have been amplified by the 
androgen deprivation used in this study, with resultant 
smaller prostate volumes, and reduced contrast between 
benign and cancerous prostate tissue [44]. 

Treatment planning 
In the case of LDR focal therapy, it is likely that a com-

bination of pre-planning and real-time adaptive planning 
would be employed in the early stages of developing 
a focal program. Pre-planning provides time for the team 
to carefully consider treatment approaches and planning 
objectives prior to the implant procedure [3]. During the 
procedure, seed placement can be accurately monitored 
and additional seeds implanted if unexpected, signifi-
cant seed migration or edema is observed. As noted by 
Al-Qaisieh et al., focal plans are more sensitive to seed 
displacement errors [45]. We suggest that ideally seed 
placement should occur using the planning MRI images 
co-registered with the ultrasound images [3]. However, 
the limitations of rigid and deformable image registra-
tion techniques must be carefully considered with this 
approach (see treatment delivery below). 

The consensus group suggested using stranded seeds 
on the periphery of the target volume due to migration, 
and loose seeds around the urethra to provide greater 
flexibility [3]; however, the selection of seed type may de-
pend on implant technique [46,47]. The consensus group 
recommended dose constraints to the urethra and rectum 
follow current whole-gland limits [3,48,49]; however, we 
suggest this is a topic for further investigation, and that 
dose to other organs at risk such as the bladder, penile 
bulb, and neurovascular bundles be recorded to further 
improve our understanding of the dose-response rela-
tionship. 

Regarding focal HDR, Mason et al. reported treatment 
planning approaches that incorporated an HDR boost to 
prostate sub-volumes in addition to external beam radio-
therapy [10,21]. Dankulchai et al. reported the results of 
an HDR monotherapy planning study that incorporated 
a (HDR) focal boost [11]. In the latter study, sub-volumes 
in 16 patients, each with 1-3 boost target volumes, were 
defined using mpMRI. The sub-volumes were delineated 
by an experienced oncologist, and expanded by a 3 mm 
margin to achieve a 10% boost dose using a single frac-
tion, with a whole gland dose prescription of 19 Gy. Using 
a 5 mm needle spacing (rather than the standard 10 mm) 
through the sub-volumes, it was found to improve the 
likelihood of meeting planning objectives, including: ure-
thral D30 (dose received by 30% of the urethral volume), 
D10, V150% (the percentage of the volume receiving 150% 
of the prescribed dose or more) less than 20.8 Gy, 22 Gy, 
and 0.01 cc (minimum dose to the most exposed 0.01 cc), 
respectively. This 5 mm spacing also improved the con-
formity of the dose to the defined sub-volumes compared 
with standard spacing. This study clearly demonstrates 
a feasible approach; however, these authors acknowledge 
that delineation of the dominant region remains contro-
versial. In addition, mature clinical data for this approach 
is not yet available and that the optimal dose planning 
objectives are, as yet, not confirmed. 

Dose prescription and fractionation 
For LDR focal therapy, the consensus group suggest-

ed further modelling is required for prescription dose 
recommendations and will depend on the approach to 
target definition. For example, 145 Gy to the index le-
sion could be prescribed with a lower dose to low-risk 
areas [3]. Clearly, this is an area of great uncertainty, 
and we suggest that novel approaches using biological 
methods for dose prescription be considered in future 
studies [50]. This approach will require inverse optimi-
zation techniques using biological objective functions to 
aid the treatment planning process, as forward planning 
approaches would be more challenging compared with 
conventional dose planning methods [51]. 

Similarly, HDR dose prescription methods are based 
on our experience with whole-gland approaches, though 
with variations in fractionation schedules and planning 
objectives (tumor dose boost vs. OAR sparing), we be-
lieve there is an even more urgent need for studies to ad-
dress the optimal approach to focal HDR brachytherapy 
[9]. Clinical evidence for optimal dose fractionation and 
scheduling with EBRT in the focal setting is also currently 
lacking. Whilst we await the results of the FLAME [52] and  
Hypo-FLAME trials (www.clinicaltrials.gov), we suggest 
this be considered in future clinical and modelling studies. 

Treatment delivery 
Partial irradiation of the prostate requires precise 

delivery techniques to achieve optimal therapeutic gain.  
Real-time MRI guided treatment provides an ideal meth-
od for minimizing or accounting for dose delivery uncer-
tainties [53]. However, availability of an MR unit is often 
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limited for lengthy implant procedures. Hence, HDR and 
LDR brachytherapy techniques typically involve MR and 
ultrasound imaging in the treatment workflow, includ-
ing at the time of biopsy and then at treatment delivery. 
A number of commercial systems exist to co-register 
MRI with ultrasound, however the uncertainty in the 
co-registration process is typically not well understood 
[54]. Rigid registration of MRI data (obtained with the 
patient in the supine position) with the ultrasound data 
(obtained with the patient in the lithotomy position) may 
not provide sufficient accuracy for a focused or ultra- 
focused approach. Using deformable image registration 
(DIR) techniques may provide a more accurate solution 
[55,56,57], but validation of the registration during the 
implant procedure may be challenging for a clinical team 
unfamiliar with the limitations of DIR algorithms. 

Robotic systems using 3D ultrasound offer the possibil-
ity of tracking prostate motion during the brachytherapy 
procedure with an accuracy of 1.1 mm [58]. These systems, 
however, still rely on pre-operative MRI as ultrasound 
cannot provide sufficient accuracy for tumor delineation. 

Uncertainties in treatment delivery such as seed mi-
gration (for LDR) or catheter movement between treat-
ment planning and treatment delivery (for HDR), may be 
accounted for in the treatment margin. In the case of LDR, 
the margin may be determined by comparing pre- and 
post-implant seed positions [59] or through mathematical 
modelling of the dose rate function [60]. 

Post-implant evaluation and clinical follow-up 
Post-implant dosimetry for LDR focal therapy was 

recommended either within 24-hours of surgery or at 
4-weeks post-implant by the consensus group [3]. Clear-
ly, this is particularly important in this group of patients 
where treatment plans may be less robust to seed move-
ment. However, as we develop clinical experience with 
focal therapy, it will also provide an opportunity to im-
prove our understanding of the dose-response relation-
ship, so that better estimates of dose constraints can be 
derived. Tong et al. [17] in addition, recommended using 
the conventional whole gland dosimetry parameters for 
reporting implant quality and dose to organs at risk [49]. 

Reporting LDR implant quality in the whole gland 
approach has been controversial with several groups, no-
ticing the standardly used D90 (dose to 90% of the pros-
tate volume) parameter may be technique specific, and 
does not account for the spatial relationship of low-dose 
regions, and the likelihood of the presence of tumor foci 
being present in that region [61,62,63]. There is very limit-
ed clinical data supporting a dose-to-tumor relationship, 
and biochemical control in the focal setting and research 
in this area is urgently needed. This is complicated fur-
ther by the fact that standard definitions for biochemical 
control [64] is unlikely to be appropriate when a rea-
sonable (and variable) proportion of the prostate gland 
is left untreated [8]. Imaging in this scenario is likely to 
play a major role [65,66,67] with several studies reporting 
the use of mpMRI in post treatment surveillance [47,48]. 
Currently, the optimal selection of imaging sequences 
for detection of recurrent prostate cancer is unclear with 

standard T2w imaging sequences difficult to interpret 
post-irradiation [68,69]. 

Salvage therapy 
Whilst there is limited evidence for focal brachythera-

py approaches in the definitive setting, there is even less 
evidence for salvage therapies. However, it is potentially 
in the salvage setting that novel treatment approaches are 
more urgently required as tumor control rates are subopti-
mal and toxicity significant compared to primary treatment 
options [69]. Indeed, a significant proportion of post-EBRT 
prostate biopsies demonstrate local residual or recurrent 
disease, which could be amenable to focal salvage thera-
pies [69]. In a systematic review of salvage therapy options 
following post-irradiation biochemical failure, Nguyen  
et al. suggested that patients with low-risk disease at the 
time of local (only) failure may be suitable candidates 
for salvage therapy. However, post-salvage toxicity was 
reported to be considerable in some series and further 
research is required to identify post-salvage morbidi-
ty risk factors [70]. A small number of small series with 
short follow-up periods have reported favorable results 
in patients treated with a focal salvage approach using  
125I seeds [71,72,73]. In a study by Kunogi et al. for exam-
ple, 12 patients were treated using a focal approach with  
125I seeds [73]. With a median follow-up time of  
56 months, biochemical recurrence was reported in 2 pa-
tients and no Grade 3 GU/GI toxicities were reported, 
suggesting this approach warrants further investigation. 
Defining dose constraints for treatment planning will be 
particularly difficult in this group of patients and is like-
ly to depend on the radiation dose delivered during the 
primary treatment (if applicable); we suggest that multi-
ple anatomical structures be defined during the planning 
stages to build on the evidence for bladder and urethral 
constraints as reported by Peters et al. [74,75]. mpMRI  
is again likely to play an important role in guiding biop-
sies and defining volumes for treatment and post-treat-
ment surveillance [68,76]. 

Discussion and future work 
Whilst the concept of focal brachytherapy has been 

discussed at many levels, there is not yet clear evidence 
for its safety and clinical efficacy. The small number of 
clinical trials that have provided early evidence for this 
efficacy, provide limited information on the technical 
details of the treatment planning and treatment delivery 
approaches, which may lead to some difficulties in defin-
ing the cause of treatment failures (e.g. geographic miss 
or insufficient dose), and how we may improve our ap-
proaches in the future. Additionally, the dose response to 
tumors and normal tissue treated using a focal approach 
is poorly understood. 

There are however, many advances in our understand-
ing of the role of mpMRI in diagnosis, treatment planning, 
and post-treatment surveillance that offer increased con-
fidence in introducing focal brachytherapy into the clinic. 
In particular, we suggest that advances in quantitative 
imaging (radiomics) provides many opportunities to not 
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only better identify and target high-risk volumes, but 
also determine a better understanding of the biology and 
heterogeneity of the tumor(s), providing an opportunity 
to customize dose prescriptions to the individual patient 
[50,68,77]. For example, identifying regions of hypoxia 
provides an opportunity to dose escalate to overcome ra-
dioresistance in these areas [78,79]. By using a voxelised 
approach to treatment planning and delivery, we have an 
opportunity to improve our understanding of the spatial 
relationship of dose to tumors and healthy tissue. Such an 
approach is demanding but not impossible, and by adopt-
ing this approach, we have the opportunity to ensure the 
success of future clinical studies. 

Currently, there are just three registered trials recruit-
ing patients for focal brachytherapy using LDR and two 
Phase II HDR trials for primary prostate cancer (https://
www.clinicaltrials.gov). There are however, a further six 
trials that are listed as “not yet recruiting”, including two 
trials offering salvage focal brachytherapy. Whilst we ea-
gerly await the outcomes of these trials, we strongly en-
courage the collection and reporting of both clinical and 
technical information, so that the evidence for the optimal 
treatment approach can be established [6]. 

Conclusions 
This article has focused on the technical challenges of 

introducing a focal brachytherapy program, noting that 
many consensus reports provide detailed discussions on 
the clinical aspects. Focal brachytherapy has the potential 
to achieve significant gains in minimizing treatment relat-
ed toxicity and increase tumor control, but is not yet wide-
ly practiced. Until clear evidence exists that focal therapy 
is safe and clinically effective, it should only be practiced 
in the context of a clinical trial. We have presented an over-
view of some of the technical challenges in introducing 
a focal program, and provide suggestions for a scientific 
approach to applying advanced technology to develop 
a precise and accurate method for focal brachytherapy 
treatments. 
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