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A B S T R A C T

Focal boost to intra-prostatic lesions (IPLs) in radiotherapy could enhance treatment efficacy. Brachytherapy 
(BT), delivering highly conformal dose with sharp dose gradients emerges as a potentially optimal approach for 
precise dose escalation to IPLs. This study aims to consolidate clinical and planning studies that implemented 
whole gland prostate BT and focal dose escalation to IPLs, with the view to synthesize evidence on the strategy’s 
effectiveness and variability. In this review, we identified nine clinical studies and ten planning/simulation 
studies focusing on whole gland prostate BT with IPL dose escalation. From the clinical studies, the use of whole 
gland prostate BT with focal dose escalation in combination with external beam radiotherapy (EBRT) appears to 
be a safe and effective 21 form of treatment for men with T1b – T2c prostate cancer with average five-year 
biochemical failure22 free survival (BFFS) of 94 % (range 81.1 %− 100 %) and minimal grade three toxicities 
reported. Both clinical and planning studies exemplified the high level of focal dose escalation achievable using 
BT with a mean IPL D90 % of 132 % and 146 %, respectively (expressed as a % of the whole gland prescription 
dose). There was considerable variation in the reporting of clinical and technical data in the identified studies. To 
facilitate a more widespread and uniform adoption of the technique, recommendations on essential and desirable 
items to be included in future studies incorporating whole gland prostate BT with focal boost to IPLs are 
provided.

1. Introduction

Prostate cancer (PCa) ranks as the second most prevalent cancer in 
males globally, with projections estimating around 2.3 million new 
cases and 740,000 fatalities by the year 2040 [1,2]. Radiotherapy is a 
cornerstone in PCa management, yet traditional approaches, which 
prescribe uniform dose distributions, fail to address the condition’s 
multifocal nature and the heterogeneity present both within and be
tween tumours [3,4]. Research has shown that post-radiotherapy local 
recurrences in the prostate often emerge from the sites of the original 
tumours [5,6]. This has led to the proposition that incorporating patient- 
specific biological data into treatment planning could allow for the 
strategic targeting of higher doses to areas at greater risk, thereby 
improving tumour control [7].

Incorporating a focal boost to the macroscopic tumour volume as 
defined on multi-parametric magnetic resonance imaging (mpMRI) or 
prostate specific membrane antigen (PSMA) positron emission tomog
raphy (PET) scans into whole gland prostate radiotherapy could enhance 
treatment efficacy. These macroscopic tumour volumes are referred to 
as intra-prostatic lesions (IPLs). Using this approach IPLs may be defined 
as additional clinical target volumes (IPL CTVs) and prescribed an 
escalated dose, relative to the prostate gland CTV.

The FLAME trial, a phase III, multicentre, randomized study, showed 
an improved 5 year prostate-specific antigen (PSA)-relapse-free survival 
(92 %) in patients receiving an external beam radiotherapy (EBRT) 
boost to the IPL compared to no boost (85 %) [8]. The trial also showed a 
correlation between the dose received by the IPL and the PSA-relapse- 
free survival [8]. Brachytherapy (BT), delivering highly conformal 
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dose distributions with sharp dose gradients is therefore well placed to 
be the optimal approach for precise dose escalation to IPLs, especially 
when combined with external beam radiotherapy (EBRT) for treating 
high-risk prostate cancer [9–15].

This review article assesses evidence for the role of brachytherapy for 
whole gland prostate radiotherapy with dose escalation to the IPL in 
planning and clinical studies. It delves into the clinical results from focal 
boost trials, methodologies employed for IPL identification, treatment 
planning strategies, dosimetric outcomes reported, constraints related to 
dose escalation, and the ongoing challenges as well as future opportu
nities faced in BT focal boost implementation.

2. Methods

2.1. Eligibility criteria

This review and analysis were reported according to the guidelines 
provided in the PRISMA statement. We included clinical and planning 
studies of whole gland prostate brachytherapy treatments with dose 
escalation to IPLs.

2.2. Search strategy and study selection process

Literature searches were conducted in March 2024 through a search 
of the Cochrane Library, EMBASE, and MEDLINE electronic databases. 
The data of coverage was restricted to 2000 onwards and searches were 
limited to English language only. The search was conducted using a 
combination of subject headings and keywords: (“Boost brachytherapy” 
OR “prostate brachytherapy” OR “LDR boost” OR “HDR boost”) AND 
(prostate OR “prostate cancer” OR”). Additionally, references of 
included studies were manually analysed to search for any additional 
studies. Duplicates of identified studies were removed prior to 
screening. For the clinical studies, only the primary publications were 
included.

3. Results

3.1. Clinical effectiveness of intra-prostatic dose escalation with 
brachytherapy

Table 1 provides a summary of the clinical studies focusing on IPL 
dose escalation using BT. There were 9 studies identified that reported 
oncological outcomes and/or toxicities of the technique. The studies 
varied in their application of BT and the patient cohorts treated, with 6/ 
9 incorporating a combination of BT and external beam radiotherapy 
(EBRT) in a primary treatment setting, and 3/9 utilising BT alone in a 
primary treatment setting.

Of the studies examining the use of combined BT and EBRT (6/9), the 
average median follow-up was 51 months (range 18 – 71), and average 
5-year biochemical failure-free survival (BFFS) was 94 % (range 81.1 
%− 100 %). In terms of acute toxicities, the studies by Vigneault et al. 
[12], Guimond et al. [16], and Sanmemed et al. [14] reported acute 
grade 3 genito-urinary (GU) toxicities at a rate of 5 %, 0.2 %, and 2.5 %, 
respectively. Strnad et al. [17] reported 4 % grade 3 late GU toxicity. The 
two remaining studies [10,11] reported ≤ grade 2 acute GU and ≤ grade 
1 or 2 gastrointestinal (GI) toxicities. A major limitation of these studies 
however is that each of them were single institution and retrospective in 
nature, patient numbers were limited (range 8–101), and the patient 
reported outcome measures were not collected.

Three studies included in Table 1 report on the use of IPL dose 
escalation using BT as a monotherapy. Two of the three studies delivered 
a single fraction of high dose rate (HDR) BT as a monotherapy and re
ported 5-year BFFS of 68.7 % [18] and 76 %–88 % [19]. The study by 
Armstrong et al. [19] performed dose de-escalation to non-IPL prostate 
tissue. Both studies conclude that single fraction HDR BT monotherapy 
is inferior to fractionated techniques for this patient cohort despite the 

IPL dose escalation achieved, and that single fraction HDR BT mono
therapy should not be used outside the confines of a clinical trial. Ennis 
et al. [20] reported on a phase I/II study of low dose rate (LDR) BT dose 
de-escalation to non-IPL prostate tissue with a median follow-up of only 
31.5 months and 2-year BFFS of 100 %. Only Alayed et al.[18] reported 
5 % grade 3 toxicities, with all other toxicities reported by studies 
investigating IPL dose escalation with BT as a monotherapy being ≤
grade 2.

The use of BT with focal dose escalation in combination with EBRT 
appears to be a safe and effective form of treatment for men with T1b – 
T2c prostate cancer. Larger, multi-institutional studies are required to 
confirm the safety and BFFS benefit of focal dose escalation over single 
whole gland CTV BT prescriptions. In the setting of focal dose escalation 
using BT in a monotherapy setting for either de novo or salvage treat
ment, the question of its efficacy in a LDR and fractionated HDR treat
ments remains unanswered, however the use of HDR BT monotherapy 
with or without focal IPL dose escalation should be used in the setting of 
a clinical trial.

3.2. Technical and dosimetric data reported in clinical and planning 
studies utilising brachytherapy for intra-prostatic dose escalation

3.2.1. Imaging modalities utilised
The technical and dosimetric data reported in the 9 clinical studies 

summarised given in Table 2 and for the planning studies in Table 3. The 
most common modality (6/9) used for IPL identification in the clinical 
studies was magnetic resonance imaging (MRI) via multi-parametric 
MRI (mpMRI) alone or in combination with MRI-spectroscopy (MRS). 
The remaining studies used either sextant biopsies to guide dose esca
lation [16] or utilised trans-rectal ultrasound (TRUS) [17,20]. TRUS was 
the most common imaging modality used for treatment planning (6/9), 
followed by MRI (2/9), and CT (1/9).

This trend is also observed in Table 3 for the planning studies where 
all 10 studies utilised mpMRI either alone (8/10), in combination with 
MRSI (1/10), or prostate-specific membrane antigen (PSMA) positron 
emission tomography (PET) (1/10). TRUS was again the most common 
modality used for treatment planning (8/10), followed by CT (1/10) and 
a combination of MRI/CT (1/10). The predominant use of TRUS as the 
treatment planning image dataset reflects the wider trend within the 
prostate brachytherapy field where TRUS is recommended for use as the 
primary dataset in both HDR and LDR prostate brachytherapy [21]. The 
use of MRI, specifically mpMRI to identify IPLs in these studies is also 
reflective of the radiotherapy community in general [22]. However, the 
benefit of PSMA PET either alone, or in conjunction with mpMRI in this 
setting is a growing area of research [23–25] and may be investigated 
further in future studies involving the use of BT for focal dose escalation 
to IPLs.

3.2.2. Use of image registration techniques
A key component of IPL dose escalation in radiotherapy is propa

gation of IPL contours to treatment planning image datasets. From 
Table 2, the methods used for image registration in clinical brachy
therapy IPL dose escalation studies vary considerably. Amongst these 
studies only 7/9 reported on the type of image registration used. 
Amongst those that did report their methodology, rigid image registra
tion was the most common (3/10), followed by deformable image 
registration (1/10), and affine based registration (1/10). The remainder 
(2/10) utilised the same dataset for identification of IPL and for treat
ment planning, and therefore image registration was not required.

All 10 planning studies reported the type of image registration used, 
again rigid image registration was the most popular (7/10), followed by 
deformable image registration (3/10). Future clinical studies involving 
the use of focal dose escalation to IPLs with BT should report on the 
image registration technique used. The preference for rigid image 
registration over deformable image registration in these studies may be 
due to the difficulties in performing deformable image registration in 
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Table 1 
Reported clinical outcomes for clinical studies utilising intra-prostatic boost using brachytherapy. GU=genitourinary, GI=gastrointestinal, HDR=high dose rate, 
EBRT=external beam radiotherapy, LDR=low dose rate, BT=brachytherapy, Gy = Gray, BFFS=biochemical failure free survival, IPL=intra-prostatic lesion.

Study Number of 
participants

Risk 
group

Dose prescription Median 
Follow-up

Oncological outcome 
(s)

Acute GU 
toxicity

Acute GI 
toxicity

Late GU 
toxicity

Late GI 
toxicity

Vigneault et al. 2016 
[12]

19 T1c =
58 %% 
T2a =
26 % 
T2b =
10 % 
T2c =
6 %%

46 Gy/23 EBRT+15 
Gy/1 HDR BT

62 months 5 year BFFS=94.7 % 5 % grade 
3

≤grade 1 ≤grade 2 ≤grade 1

Chapman et al. 2018 
[11]

8 T2a =
50 % 
T2b =
12.5 % 
T3a =
25 % 
T3b =
12.5 %

45 Gy/25 EBRT+19 
Gy/2 HDR BT

59 months 5 year BFFS=100 % ≤grade 2 ≤grade 1 ≤grade 2 ≤grade 1

Guimond et al. 2019 
[16]

55 T1c =
51 % 
T2a =
24 % 
T2b =
25 %

46 Gy/23 
EBRT+110 Gy LDR 
BT

71 months 7 year BFFS=96 % ≤grade 2 ≤grade 1 0.2 % 
grade 3

≤grade 1

Alayed et al. 2021 [18] 60 T1c =
0 % 
T2a =
48 % 
T2b =
23 % 
T2c =
29 %

19 Gy/1 HDR BT 50 months 5 year BFFS=68.7 % Not 
reported

Not 
reported

≤grade 2 5 % grade 
3

Gomez-Iturriaga 2016 
[10]

15 T1c =
67 % 
T2a =
27 % 
T2b =
6 %

37.5 Gy/15 
EBRT+15 Gy/1 
HDR

18 months Not reported ≤ grade 2 ≤ grade 2 ≤ grade 2 ≤ grade 1

Strnad et al. 2022 [17] 101 T1 =
33.7 % 
T2 =
58.4 % 
T3 =
7.9 %

50.4 Gy/28 
EBRT+35 Gy/2 
PDR

65 months 5 year BFFS=98.1 % 
(low/intermediate) 
81.% (high)

Not 
reported

Not 
reported

4 % grade 
3

≤ grade 1

Sanmamed et al. 
(compared HDR with 
EBRT) 2020 [14]

40 T1c =
67 % 
T2a =
27 % 
T2b =
3 % 
T2c =
3 %

76 Gy/38 EBRT+10 
Gy/1 HDR to IPL

31 months Not reported 2.5 % 
grade 3

≤grade 1 ≤grade 2 ≤grade 1

Armstrong et al. 2021 
[19]

50 T1c =
4 % 
T2a =
24 % 
T2b =
20 % 
T2c =
44 % 
T3a =
8 % 
T1c =
0 % 
T2a =
44 % 
T2b =
4 % 
T2c =
32 % 
T3a =
20 %

19 Gy/1 HDR BT 
Group 1 = 65–75 % 
19 Gy to non-IPL 
Group 2 = <50 % 
19 Gy to non-IPL

75 months / 
57 months

5 year BFFS=88 % 
(group 1) and 76 % 
(group 2)

≤ grade 2 ≤ grade 1 ≤ grade 2 ≤ grade 1

(continued on next page)
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multi-modality images [26], the limitations of deformable image regis
tration algorithms in the presence of brachytherapy needles/catheters 
[27], or the lack of advanced image registration algorithms in brachy
therapy treatment planning software [28]. Use of deformable image 
registration in this setting may however be advantageous, particularly 
when co-registering image sets with and without ultrasound probes in 
the rectum [26]. An optimal approach to this process would utilise 
functional imaging (mpMRI or PSMA PET) collected at a timepoint close 
to the BT procedure, fused within the BT treatment planning system 
using deformable image registration prior to needle implant to optimise 
needle placement in order to dose escalation to IPLs. However, care must 
be taken to ensure appropriate deformation of the prostate internal 
anatomy when utilising such a technique, since this can only be ach
ieved through the use of a robust commissioning process and patient 
specific quality assurance testing, utilising tools such as the Jacobian 
index and inverse consistency [29].

The uncertainty in the image registration method utilised should 
inform the use of a margin around the IPL contour used to direct the 
escalated dose within the prostate. Amongst the clinical studies only 3/9 
reported the uncertainty in their image registration method, the 
magnitude of which ranged from 0 mm to 2 mm. Planning studies were 

more likely to report on image registration uncertainty (7/10) with 
values ranging from 0.5 mm to 4.5 mm. Future studies focussing on IPL 
focal dose escalation utilising BT should report on the uncertainty of 
image registration in their methods.

3.2.3. Intra-prostatic lesion margins
From Table 2 and Table 3, the use of a margin around identified IPLs 

also varies across the clinical and planning studies. Only 2/19 of the 
studies included in Tables 2 and 3 did not report on the margin size used. 
Of the clinical studies, a 0 mm margin was most commonly used (5/9), 
followed by 1–2 mm (1/10) and 2 mm (3/10). In the planning studies a 
0 mm margin was again most common (3/10) along with a 2 mm margin 
(3/10), followed by 4.5 mm (2/10), and 1.5 mm (1/10). Margin size 
appears to correlate with the magnitude of the reported image regis
tration uncertainty. The benefit of expanding IPL contours in focal dose 
escalation studies in BT remains a contentious topic. Since non-IPL 
prostatic tissue surrounding the IPL is likely to also receive an esca
lated dose by nature of the pattern of dose distributions in prostate 
brachytherapy, there is likely to exist an inherent dosimetric margin 
around the IPL. A 0 mm margin around the IPL may be appropriate if the 
uncertainties in delineating the IPL are consistent with the dose gradient 

Table 1 (continued )

Study Number of 
participants

Risk 
group

Dose prescription Median 
Follow-up

Oncological outcome 
(s)

Acute GU 
toxicity

Acute GI 
toxicity

Late GU 
toxicity

Late GI 
toxicity

Ennis et al. (LDR) 2015 
[20]

13 T1c =
76.9 % 
T2a =
7.7 % 
T2b =
15.4 %

145 Gy with normal 
prostate de- 
escalation

31.5 
months

2 year BFFS=100 % ≤grade 2 ≤grade 1 ≤grade 2 ≤grade 1

Table 2 
Reported technical and dosimetric data for clinical studies utilising intra-prostatic boost using brachytherapy. HDR=high dose rate, EBRT=external beam radio
therapy, LDR=low dose rate, mpMRI=multi-parametric magnetic resonance imaging, MRS=magnetic resonance spectroscopy, TRUS=trans-rectal ultrasound, 
MRI=magnetic resonance imaging, CT=computed tomography, IPL=intra-prostatic lesion.

Study Number of 
participants

Modality for IPL 
identification

Modality for 
treatment 
planning

Image registration 
method

Reported image 
registration 
uncertainty (mm)

IPL margin 
size (mm)

Reported dose 
to IPL(s)

Vigneault et al. 2016 
[12]

19 mpMRI/MRS TRUS Not reported Not reported 0 Mean V120% 
= 95.9 %

Chapman et al. 2018 [11] 8 mpMRI/MRS CT Rigid image registration 2 0 Median D90% 
= 132 % 
Median 
V120% = 100 
%

Guimond et al. 2019 [16] 55 Sextant biopsy TRUS N/A N/A 0 Median 
V100% = 100 
% 
Median 
V150% =
91.2 %

Alayed et al. 2021 [17] 60 mpMRI TRUS Affine based registration Not reported 0 Median D90% 
= 147 %

Gomez-Iturriaga 2016 
[10]

15 mpMRI/MRS TRUS Rigid image registration Not reported Not 
reported

Median D90% 
= 142.7 % 
Median 
V150% =
78.8 %

Strnad et al. 2022 [18] 101 TRUS 
HistoScanning

TRUS Rigid image registration 0 0 Mean D90% =
125 % 
Medan V150% 
= 60.2 %

Sanmamed et al. 
(compared HDR with 
EBRT) 2020 [14]

40 mpMRI MRI Deformable image 
registration – 
biomechanical

Not reported 1–2 mm N/A

Armstrong et al. 2021 
[19]

50 mpMRI MRI Not reported Not reported 2 mm N/A

Ennis et al. (LDR) 2015 
[20]

13 Ultrasound tissue 
type imaging

TRUS None 0 mm 0 mm Not reported
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surrounding it and may be necessary when the IPL is immediately 
adjacent to an anatomical boundary such as the prostate capsule 
(assuming no extra-prostatic extension) or the urethra.

3.2.4. Level of intra-prostatic lesion dose escalation achieved
The image registration uncertainty, and ultimately the IPL margin 

size used may also affect the ability of the treatment planning system to 
maximise the dose to the IPL. The achievable level of focal dose esca
lation to IPLs is dependent on a complex relationship between the size of 
the IPL (which increases with margin size), and the proximity of the IPL 
to nearby organs at risk such as the urethra and rectum [28]. Compar
ison of the level of dose escalation achieved across the studies sum
marised in Table 2 and Table 3 proves difficult due to the variation on 
reported dosimetric parameters (e.g. D90%, V150%, D98%, and 
V100%). However, for the studies that reported the IPL D90%, the 
clinical studies in Table 2 (n = 5) reported a mean value of 132 % (range 
118 %− 147 %). The planning studies in Table 3 (n = 7) reported a mean 
D90% of 146 % (range 131 %− 164.5 %).

Due to the limited number of studies reporting the same dose metric, 
comparison of the clinical and planning studies is not appropriate, 
however there does appear to be a trend for higher levels of dose esca
lation achieved in the planning studies in Table 3 compared to the 
clinical studies in Table 2. This may be due to the differences in treat
ment planning techniques used between the studies. For example, the 
studies by Wang et al. [13], Mason et al. [30,31], and Poder et al. [28]
assumed knowledge of the IPL locations at the time of catheter insertion 

in the form of a contour. These studies therefore allowed the addition of 
catheters in their planning studies placed directly through the IPL con
tours, ensuring maximum dose escalation, and demonstrating the 
advantage of BT in this setting. By utilising such a technique in future 
clinical studies involving BT for focal dose escalation to IPLs, clinician 
confidence in further escalation of dose may be improved.

The number of IPLs present, their volume, and position relative to 
organs at risk may also have a significant impact on the level of dose 
escalation that can be achieved. Few studies included in this review 
reported the number, volume, and position of IPLs. This information 
should be reported in future studies to allow for a more comprehensive 
comparison between techniques used to perform focal dose escalation to 
IPLs.

The FLAME study [8] demonstrated a positive correlation between 
the escalated dose received by the IPLs and BFFS at 5 years. Studies 
utilising EBRT to achieve this dose escalation have reported median IPL 
V100% doses of 126 % [22]. Similarly, in hypo-FLAME, IPLs were 
delivered a mean escalated dose of 115 % of the prescribed dose to the 
prostate [32]. This suggests that, with their inherent dose gradients BT 
may allow increased IPL dose escalation, and therefore improve BFFS as 
compared to EBRT. Further confirmatory studies in the form of multi- 
institutional clinical trials are warranted in this setting.

4. Discussion

Table 4 provides a proposed list of items that should be reported as 

Table 3 
Reported technical and dosimetric data for planning studies utilising intra-prostatic boost using brachytherapy. LDR=low dose rate, HDR=high dose rate, 
mpMRI=multi-parametric magnetic resonance imaging, TRUS=trans-rectal ultrasound, MRI=magnetic resonance imaging, CT=computed tomography, IPL=intra- 
prostatic lesion, PSMA PET=prostate-specific membrane antigen positron emission tomography.

Study Number of 
patients 
included

Modality for IPL 
identification

Modality for 
treatment 
planning

Image registration 
method

Reported image 
registration 
uncertainty (mm)

IPL margin 
size (mm)

Reported dose 
to IPL(s)

Wang et al. 2019 [13] 17 mpMRI CT Deformable image 
registration − b-spline

2 2 Mean D90% =
164.5 %

Mason et al. 2015 [31] 16 mpMRI TRUS Rigid image registration 4.2 4.5 Median D90% 
= 139 %, 
Median 
V150% =
77.2 %

Mason et al. 2014 [30] 15 mpMRI TRUS Rigid image registration 4.2 4.5 Median D90% 
= 139 % 
Median 
V150% =
70.9 %

Carlone et al. 2016 [44] 10 mpMRI TRUS Deformable image 
registration – 
biomechanical

Not reported 2 Mean D95% =
136.3 %

Crook et al. 2014 [9] 26 mpMRI TRUS Rigid image registration 1 mm 0 Median D90% 
= 131 % 
Median 
V125% =
96.1 %

Clark et al. 2023 (LDR) 
[45]

20 mpMRI TRUS Rigid image registration Not reported Sector based 
contouring

Median D90% 
= 159 % 
Median 
V150% = 99 
%

Luminais et al. 2022 [46] 24 mpMRI TRUS Rigid image registration Not reported Not reported Mean D90% =
155 %

Tissaverasinghe et al. 
(LDR & HDR) 2019 
[47]

60 mPMRI TRUS Rigid image registration 1 0 LDR Mean 
D90% = 151 
% 
HDR Mean 
D90% = 132 
%

Poder et al. 2023 [28] 20 mpMRI+PSMA PET TRUS Deformable image 
registration – contour 
based

0.5 mm 2 mm Mean D98% =
135 %

Pouliot et al. 2004 [48] 10 mpMRI/MRSI MRI/CT Rigid image registration 1.5 mm 0 mm Mean V150% 
= 86.1 %
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part of clinical and planning studies incorporating BT for focal dose 
escalation to IPLs. Inclusion of these items will facilitate a more repro
ducible approach to IPL focal dose escalation using BT in future studies.

The challenges of image registration have been discussed in depth 
throughout this review, however, the process of identifying the IPL 
volumes on mpMRI and/or PSMA-PET also presents a significant chal
lenge. The inter-observer contouring variability in defining IPLs has 
been well-documented, with numerous studies showing that not only is 
inter-observer contouring variability poor on both mpMRI and PSMA- 
PET [28,33,34], but also that inter-modality agreement between IPLs 
identified on mpMRI and PSMA-PET is limited [26,33]. These un
certainties should also be considered when performing focal dose esca
lation to IPLs using prostate brachytherapy.

Traditional methods of prostate radiotherapy have used a single CTV 
encompassing the entire prostate gland. Focal dose escalation to IPLs 
represents the next logical step by escalating dose to regions of prostatic 
tissue that are known to be the most likely site of disease recurrence 
[35]. Following these traditional methods of a single whole gland CTV, 
the use of HDR or LDR BT in combination with EBRT has been shown to 
be more effective in biochemical control of prostate cancer relative to 
EBRT alone [35,36]. However, in the case of LDR BT, rates of grade 3 
toxicity (in particular GU toxicities) have been interpreted unacceptably 
high [37]. Consequently, there may be a future opportunity in the form 
of a clinical trial to de-escalate dose to the non-IPL prostatic tissue in 
order to limit the rates of GU and GI toxicities further, whilst still 
maintaining acceptable rates of biochemical control. Whilst this 
approach was not successful in the single fraction prostate BT mono
therapy setting [18,19], it is yet to be explored in fractionated mono
therapy, or combination BT and EBRT setting.

In this review we have identified clinical and planning studies that 
demonstrate BT provides an effective method for dose escalation with, in 
most cases, acceptable or reduced toxicity compared with EBRT. Further 
increasing the therapeutic window, that is, increasing tumour control 
with reduced toxicity may not be possible with the current dose pre
scription method. In contrast to the current dose prescription approach, 
a voxel-wise, biologically targeted dose prescription method has shown 
potential for modulating the dose within the prostate [38]. In silico 
EBRT studies have demonstrated improved tumour control probability 

without increasing toxicity [22,39]. This approach requires a voxel-wise 
dose prescription based on a spatial map of tumour biology, which can 
be derived from mpMRI [38,40,41] and incorporate PSMA PET/CT 
when available [42]. In the case of BT, defining a region of hypoxia for 
example [43], would guide optimal needle placement within the IPL. 
Such an approach would utilize the inherent heterogeneous nature of BT 
dose distributions.

In conclusion, dose deposition characteristics of BT make it an 
attractive option for focal dose escalation to IPLs, as shown in the clin
ical and planning studies included as part of this review. Further, the use 
of BT for focal dose escalation to IPLs has shown promise with favour
able BFFS and low toxicity in the limited number of single institution 
clinical trials reported to date. To confirm the efficacy of the technique, 
larger multi-institutional clinical trials are required. Future clinical and 
planning studies would benefit from a detailed, and uniform reporting 
methodology to allow for a more comprehensive comparison between 
studies and to facilitate widespread adoption of the technique.
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