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Abstract 
Interventional radiotherapy (IRT, brachytherapy) is a highly effective treatment method for non-melanoma skin 

cancer (NMSC). Traditionally, the maximum depth of NMSC lesions considered eligible for contact IRT was 5 mm; 
however, following several national surveys and recent recommendations, such cut-off, lesions thicker than 5 mm may 
be treated by contact IRT. The use of image guidance in defining the actual depth in treating NMSC to correctly identify 
clinical target volume (CTV) and prevent unnecessary toxicity is of paramount importance. 

The aim of the paper was to describe a multilayer arrangement of catheters to treat NMSC lesions thicker than 
5 mm, thus proposing an example of dynamic intensity modulated IRT, using different catheter-to-skin distance of 
sources to reach the best CTV coverage and maximally reduce the excess of dose to the skin. 

J Contemp Brachytherapy 2023; 15, 3: 220–223 
DOI: https://doi.org/10.5114/jcb.2023.127837

Key words: interventional radiotherapy, brachytherapy, skin cancer, intensity modulated, therapeutic window. 

Purpose 
Interventional radiotherapy (IRT, brachytherapy) is 

a highly effective treatment method for non-melanoma 
skin cancer (NMSC). It is characterized by excellent func-
tional and cosmetic outcomes, and since it is performed 
on an outpatient basis, treatment costs are generally low 
[1]. For such reasons, there is a growing interest among 
radiation oncologists and dermatologists in this treat-
ment modality [2]. In 2015, the American Brachytherapy 
Society (ABS) working group released a report recom-
mending not to exceed 5 mm in depth prescription for 
NMSC with contact IRT (cIRT) to prevent unacceptable 
skin-surface dose and reduce toxicity [3]. Similar indica-
tions about the depth prescription were published by the 
GEC-ESTRO recommendations for the skin in 2018 [4]. 

In accordance with these recommendations, in cases 
with tumor thickness > 5 mm, interstitial IRT or sometimes, 

a combination of interstitial and cIRT approach can be per-
formed [5]. However, when we consider the evidence of 
surveys in clinical practice, there is a more complex sce-
nario, where the actual depth of prescription greatly var-
ies from center to center and across different countries [6]. 
A survey performed among members of the ABS revealed 
that the median maximum depth of prescription was actu-
ally 5 mm, but ranging from 1 to 8 mm [7]. 

In 2022, the H&N and Skin (HNS) GEC-ESTRO work-
ing group performed a systematic review of literature 
confirming these variations among institutions, and 
suggesting that it is acceptable to prescribe cIRT dose at 
a depth above 5 mm beyond the skin surface [8]. 

In our clinical experience, contact IRT plays a major 
role in the treatment of NMSC located in critical areas, in 
which functional and cosmetic results are crucial, such as 
the face, where surgical approach may have potentially 
disfiguring consequences [9]. cIRT has been demonstrat-
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ed as an effective therapeutic option, especially within 
a pandemic clinical scenario, due to the possibility to treat 
patients with hypofractionated schedules that reduce the 
total number of hospital admissions necessary to com-
plete the treatment [10]. 

When it comes to deal with toxicity in NMSC after 
cIRT, it is important to carefully consider several factors, 
including patient’s pre-existing comorbidities of (vascu-
lar problems, diabetes, etc.) or anatomical site treated, and 
issues related to IRT treatment, such as total dose deliv-
ered, fractionation schedule, and dosimetric parameters 
(dose to the skin) [11]. There is no definitive agreement 
among researchers about the optimal parameter to con-
sider; however, in a recent survey among ABS members, 
the maximum acceptable dose to the skin was 150% [7]. 

Based on these premises, it is extremely important to 
underline the emerging role of pre-treatment imaging, 
which is rapidly growing in the clinical practice. Further-
more, the use of ultrasound allows for accurate determi-
nation of the precise measures of NMSC lesion, reaching 
local control rates of up to 99.3% [12]. 

The aim of the current paper was to describe a mul-
tilayer arrangement of catheters to treat NMSC lesions 
thicker than 5 mm while sparing the excess of dose to the 
skin surface. 

Material and methods 
A solid water phantom was used for the purpose of 

this study, and a CT scan was obtained with a slice thick-
ness of 0.625 mm on a Discovery CT590RT CT scanner 
(GE Medical System). OncentraBrachy treatment plan-
ning system (TPS v.4.6.2 Elekta, Sweden) was applied for 
organs at risk (OARs) and clinical target volume (CTV) 
contouring and planning. Normally, the term ‘therapeu-
tic window’ (TW) is referred to as the separation between 
tumor control and adverse event in clinical setting. In 
skin IRT, tumor control is strictly related to the coverage 
with 100% isoline (dose prescription) and the maximum 
isoline allowed to prevent toxicity, which in several series 

is reported as high as 150% isoline [7, 9]. For such reason 
in this report, we referred to the TW as the distance be-
tween the 100% and the 150% isoline. 

In order to determine how the TW changes with the 
catheter distance from the skin, 21 treatment plans were 
performed using a single-source, with distances from 
the center of the catheter to the skin varying from 1.9 to  
53.1 mm. This analysis was done as a theoretical ap-
proach to the optimization of skin treatment plans. How-
ever, distances of more than 2 or 3 cm are considered not 
feasible in the clinical practice, as the implant would be 
far from the patient and more prone to positional errors. 
Therefore, a multilayer catheter arrangement was in-
troduced to investigate how to best optimize TW in the 
clinical practice, even for lesions with different thickness. 
A second CT scan was acquired using two Freiburg flap 
applicators (Elekta, Sweden) placed one on top of the 
other on the outer surface of the phantom. Each Freiburg 
flap has a constant distance of 5 mm from the center of 
treatment catheter to the surface, with treatment channels 
10 mm apart from each other. External skin of the phan-
tom was contoured, and ad hoc CTV was created (35 × 
35 mm, and 5 and 8 mm thick) as shown in Figure 1. Five 
catheters were activated in two different arrangements. 
Standard configuration was prepared with 5 catheters in 
the lower flap only (Figure 1A) according to the standard 
use of Freiburg flap. Multilayer configuration was done 
with 5 catheters distributed within two flaps, as shown in 
Figure 1B. For both configurations, 325 active dwell posi-
tions were applied. Treatment plans were graphically op-
timized by an experienced planner, so that 150% isoline 
would be tangential to the skin and V150 (CTV) would be 
equal to 1.5% for both the configurations. In this study, 
dose calculations for iridium-192 high-dose-rate (HDR) 
source were performed with the TG-43 formalism [13]. 

Results 
For single-source configuration, the TW was found 

to linearly increase with the catheter to the skin distance 

Fig. 1. Standard configuration of catheters (A) and multilayer configuration (B) calculated with the TG-43 formalism. 150%, 
100%, 95%, and 80% isolines for the two configurations are compared. Treatment plans are optimized with 150% tangential to 
the skin, with a value of V150 (CTV) set to 1.5% for both the configurations
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(Figure 2), with a range between 0.6 and 11.7 mm for cath-
eter-to-skin distances between 1.9 and 53.1 mm. Figure 1 
shows comparison between the standard and multilayer 
configurations. The standard configuration with 5 acti-
vated catheters in the lower flap resulted in CTV cover-
age of V95 (CTV) equal to 81.84%, whilst the multilayer 
configuration resulted in a V95 (CTV) equal to 95.68%, 
with a V150 (CTV) set to 1.5% for both the configurations.  
The treatment time was 3.12 minutes for the standard con-
figuration and 4.79 minutes for the multilayer configuration. 

Discussion 
In scientific literature, several authors have exten-

sively analyzed main differences between the static and 
dynamic intensity modulated IRT [14-16]. In Table 1, 
it is possible to compare an example of static intensity 
modulated IRT for uveal melanoma using plaques with 
iodine-125 seeds [17, 18] with dynamic IRT, either HDR 
or pulsed-dose-rate (PDR), by focusing on three main fac-
tors, such as space, time, and intensity, which are com-
monly used in the clinical practice to modulate dose dis-
tribution. Regarding intensity, a modulation in this case 
could be achieved by using different catheter-to-skin dis-
tances in case of dynamic intensity modulated IRT. 

These factors, combined together, play a pivotal role 
in modulating the TW, which means adequately covering 
the entire depth of the lesion, with the prescription dose 
simultaneously avoiding the excess of the dose to the sur-
face of the skin above. 

As it is possible to see from Table 1, the only factor 
that in dynamic intensity modulated IRT is probably still 
underused in the clinical practice, is the catheter-to-skin 
distance according to the thickness of treated lesion. In 
particular, for lesions thicker than 5 mm, the use of this 
additional parameter is of paramount relevance, be-
cause it allows to obtain a more favorable dosimetric 
distribution with a consequent increase in terms of TW. 
In fact, results of a survey performed among ABS mem-
bers showed that most radiation oncologists use a cathe-
ter-to-skin distance ranging from 5 to 10 mm [7]. Slightly 
different results were obtained from a survey performed 
in Canada, where a catheter-to-skin distance was report-
ed to vary between 2.5 and 15 mm [6]. 

It is important to mention that even though the tra- 
ditional name of interventional radiotherapy, i.e., brachy- 
therapy, comes from ancient Greek word ‘brachy’ means 
‘short’, thus underlining that main feature of brachyther-
apy is to place sources as near as possible to target  
volume, in our analysis, we came to a conclusion that  
adding further layers of sources far from the target vol-
ume using a multilayer spatial distribution, may contrib-
ute to obtain a better local dose distribution within the 
target volume itself. This is due to the possibility of mod-
ulating the dose when using multiple layers of catheters, 
taking advantage of a larger TW for bigger distances from 
the source. This is particularly important when compar-
ing IRT with external beam radiotherapy (EBRT), where 
the modulation of dose is achievable, for instance, by 
multi-leaf collimators and machine movements that are 
not available in IRT. The advantages of IRT over EBRT 
have already been investigated elsewhere [19], but the 
more efficient modulation described in our study may 
further support the use of IRT, especially in treatment of 
lesions with varying thickness or when the lesions are sit-
uated in concave or convex areas. 

Our results showed that catheter placement at vary-
ing depths from the treatment surface might better mod-
ulate dose distribution and obtain a greater CTV coverage 
without increasing hot spots. A greater coverage involves 
a small increase in treatment time and not clinically sig-
nificant increase dose to deep healthy tissue. It is however 
necessary, on the basis of image-guided procedures, to 
verify the dose to organs at risk and optimize the distri-
bution according to constraints. 

The results obtained in our analysis may be used in 
several clinical applications, including Freiburg flaps, 
and individualized moulds either manually manufac-
tured or 3D-printed [20]. In particular, there is a possibil-

 0 10 20 30 40 50 60
Catheter-to-skin distance (mm) 

Fig. 2. Therapeutic window (TW) as a function of cathe-
ter-to-skin distance (mm) for a single active dwell position. 
TW increases in the depth, with values ranging from 0.6 
to 11.7 mm for catheter-to-skin distances between 1.9 and  
53.1 mm. Error bars show a 0.2 mm error for the distance 
measurement on TPS
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Table 1. Differences between static and dynamic intensity modulated interventional radiotherapy (IRT) 

Static IRT (eye plaque 125I) Dynamic IM-IRT (HDR/PDR) 

Space Size of plaque 
Shape of plaque 

Notches charged with seeds 

Size of flap/mould 
Shape of flap/mould 

Active dwelling positions 

Time Only overall treatment duration may be chosen Chance to vary independently each dwelling position 
activation time 

Intensity Activity of different seeds Catheter-to-skin distance 

HDR – high-dose-rate, PDR – pulsed-dose-rate
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ity of designing multi-depth catheter placements based 
on lesion thickness in 3D-printed applicators. Future im-
provements may include a combination of 3D printing 
and artificial intelligence, which is expected to reduce the 
time for mould preparation, allowing to treat areas with 
vast anatomical difficulties [21, 22]. 

Since IRT for skin cancer is not routinely performed 
in all centers, it is important to generate more solid evi-
dence both by promoting prospective trials and collecting 
real-life data within the frame of shared ontology, which 
allows to better compare the results obtained [23, 24]. 
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