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Abstract: This study addresses the challenge of treating skin cancer effectively, especially in visible areas like
the face, where traditional methods may be undesirable. Current options, including surgery and radiation
therapy, have limitations such as complexity, expense, and imprecise dose delivery. The proposed solution
involves additively manufacturing personalized patches using diagnostic imaging data, offering a targeted and
controlled dose of beta-emitting isotopes like Y-90. The patches, tailored to the tumor's shape and depth, aim
to minimize damage to healthy tissues and structures. Through 3D printing technology we demonstrated the
feasibility of creating individualized applicators filled with radioisotopes, that have the potential to deliver
therapeutic doses while ensuring patient comfort and affordability. This innovative approach, based on
radiation delivery simulations, offers a promising future alternative to conventional radiation therapy
methods. Clinical trials are required to validate its efficacy and safety, but the potential for reduced radiation
exposure and enhanced treatment precision positions this personalized and targeted therapy as a valuable
advancement in skin cancer treatment.

Keywords: Beta-emitting isotopes; superficial skin tumor; 3D printing; transverse dose profile;
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Introduction

Skin cancer is a common malignancy that affects millions of people worldwide. Traditional
treatment methods, such as surgery or external beam radiation therapy, have been used for decades
with varying success. [1]

Surgical removal of the tumor is the preferred therapy option from a clinical point of view, but
for several treatment areas not the patients choice of treatment, especially when very visible areas
e.g. in the face are affected.

Additionally to surgical removal, radiation therapy options are available using linear
accelerators, low- or higher energy gamma rays, or brachytherapy applicators using beta- or gamma
emitting radio-isotopes. [2]

Over 5 million cases of basal cell carcinoma and squamous cell carcinoma are diagnosed
annually in the United States alone among 3.3 million people due to the fact that some patients are
diagnosed with more than 1 cancer location. In Germany over 200.000 cases are registered.

Extrapolated that would indicate that there are likely 10 million cases annually and it has also
been observed that the number of non-melanoma skin cancers has been growing for several years.
[3,4]

Current treatment options of non-melanoma skin cancers include surgical removal (preferred
option) and several different applications of radiation therapy.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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There are reasons why the surgery option is not preferred or recommended, especially in very
visible areas like the face including nose and ears.

All currently available options based on cell-killing radiation are very complex and expensive.
A viable alternative is skin brachytherapy, a form of radiation therapy, where a sealed radiation
source is placed inside or next to the area requiring treatment, but they come with several logistics
and treatment efficacy disadvantages. They are also expensive, complicated to use and handle from
a clinical perspective, and are difficult to personalise, especially when there are different lesion areas
with different tumor depth (see Figure 1).
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Figure 1. Representation of a skin surface with different tumor lesions. The surface shapes and the
volumes are typically determined and verified using diagnostic imaging systems (e.g. Ultrasound or
MRI or Hybrid Imaging) and/or surface scanners. The letters B and C represent different tumor depth,
which would mean that for a greater depth more radiation has to be provided from the surface
applicator. This surface, depth, and volume plan is used to determine the individual radiation dose
at a specific surface location and subsequently used to send to a 3D printer for creating the
personalised patch (from the actual US patent filing [2]).

We are therefore proposing to create - additively manufactured - patches that could be
individually printed using the surface area and the tumor depth obtained from diagnostic imaging
modalities like Ultrasound, Magnetic Resonance Imaging, or other diagnostic imaging methods.

Materials and Methods

The penetration depth of beta-emitting isotopes is limited to around 10mm. A transverse dose
profile radiation plan can be calculated to determine the amount of radiation needed at a specific
surface location to ensure a cell-killing radiation boost delivery at the required max. depth location.

Patches to be applied to the skins surface containing several different emitters (Y-90, Re-188 or
P-32 to just name a few) have been proposed in the past and several of those are also currently in
clinical use. [5-9]

Gamma and beta-emitting isotopes - liquid or semi-liquid as cream - can provide ionizing
radiation that can penetrate the skin to varying depths. The patches are applied directly to the skin
over the cancerous lesion, delivering a controlled dose of cell-killing radiation to the tumor, while
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minimizing the impact on surrounding healthy tissue and sensitive bone structures. These patches
are surface matched to the tumor but often lead to under- or over-radiation as it is not possible to
accurately create an individual patch that matches the tumor volume especially when there are
several lesions in a close area / volume.

The tumour shape and depth determines the location, amount, activity level and configuration
of the isotope to be applied to the surface. The required information for that are extracted from
previously acquired diagnostic images and/or surface scans of the tumour site, which are then used
to calculate a radiation plan based on the individual radiation energy and intensity of the used
material (see Figure 2 for details).
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Figure 2. Another example of a personalised 3D printed radiation delivery patch. Here with a
rectangular shaped applicator containing 7 x 9 elements that can be filled with the radioactive filler
material. Bottom left shows a calculated dose profile if all elements are equally filled. The top right
dose profile would fill the elements completely that are inside the tumor surface and the bottom right
profile then is used to determine the fill volume and activity level of the remaining elements
representing the dose that needs to be applied to the underlying tissue. [10]).

In a next step this radiation plan is translated into a 3D printing plan for a skin applicator that
can be filled with the radioactive source material. Figure 3 shows an individualised round applicator
with the negative fill volume representing the tumour shape and volume printed based on a radiation
plan and a subsequent conversion for the 3D printer.
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Figure 3. Shows the anticipated setup (other setups are possible) of the personalised skin applicator.
The radiation dose at a specific surface point is calculated and the respective shape printed to be
subsequently filled with the beta-emitting isotope. Applicator is attached to the flexible patch and -
after being filled - attached to the skin surface. [11].

If you provide these isotopes controlled you can achieve desired surface - depth profiles with
the needed radiation exposure to guarantee cell killing in one application.

Figure 4. shows a Monte Carlo simulation result of using 0.7mm lines of 20mm length placed
next to each other on the surface and the resulting increase with more lines in the obtained normalised
dose. The simulation used a beta-emitting isotope Yttrium-90 (Y-90), with a half-life of about 64 hours
and a maximum beta particle emission energy of 2.28 MeV and an average energy of 0.93 MeV that
can penetrate up to approximately 11 mm in tissue.
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Figure 4. Transverse dose profiles of the extruded lines calculated in the first 0.5mm layer of a skin
phantom [9].

Results

A planar source of Y- 90, consisting of 15 extruded lines (0.7 mm by 20 mm), printed side by
side, can deliver a therapeutic dose of 40 Gy to a cuboid (10 mm by 20 mm by 3 mm) in about 6 mCi-
h. Considering the specific activity of the Y-90 (5.38 x 10E9 mCi/gram), that would require about 1.1
nanograms of recently-produced Y-90 to treat this tumor in one hour. This simulation result shows
that this allows to print a patch that would be able to match a tumor volume or several tumor volumes
quite well.

The technology would allow to create very individual patches based on the almost every body
surface and through the use of different filling materials could also achieve a very good match of cell-
killing dose volume to tumor volume and with that prevent damage of sensitive adjacent structures.

Alternatively a dose profile can be obtained by printing with different activity levels of
radioisotopes embedded in collagen / starch or other suitable materials.

Figure 5 shows a scaffold structure and a micro-Computed Tomography (CT) image of a scaffold
structure that contained magnesium (for creating radio-opaqueness) instead of Y-90 for example.
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Figure 5. 3D printing of a 12 by 12 lattice scaffold with starch containing magnesium (left image) and
micro-CT image of a four by four scaffold of the same hydrogel [12].

These kind of applicators can then also be used for intra-operative applications or for tumor-bed
radiation after surgery and when combined with a radio-opaque material in a biocompatible
structure even left in the patient for a longer period of time.

Discussion

We have utilised a radiation delivery simulation that was subsequently used with 3D printing
technology and a non-radiating substitute to create patches for a directed, effective and controlled
dose delivery to the skin tumors, thus mitigating exposure to sensitive structures.

This approach is relatively easy in its setup and use, inexpensive, has advantages with handling
and delivery, and could provide a more personalised and effective therapy for several tumor types.

Different materials or a combination of the same material with different activity levels for
creating the patch would open even more options.

Additionally, further research and clinical trials are needed to fully understand the efficacy and
safety of this approach for superficial treatment of skin cancers.

Conclusions

This personalised (size, shape, radiation dose) and targeted approach can result in more effective
treatment with fewer side effects compared to traditional radiation therapy methods, which may
require larger fields of radiation and may be less precise in targeting the tumor.

This approach promises to reduce the total radiation exposure for the treatment of superficial
tumors, while at the same time providing a more efficient therapy option.

The hardware and planning setup, that are the base of the invention, would provide high patient
comfort combined with a very affordable solution.

The invention would allow to additively manufacture a patch to be filled with radio-isotopes
that would provide a cell-killing dose volume/profile to closely match the tumour volume with
greatly reduced harm of healthy tissue and underlying bone structures.

Alternatively individual lines or volumes of radio-isotope material could be printed for a skin
surface application containing different activity levels and with that provide different dose depth
profiles.

Even after surgery the proposed personalised patch could also potentially provide an easy
solution for tumor bed radiation maybe even using biocompatible patches that are left in the human
body for a longer period of time.

Supplementary Materials: There are no supplementary materials provided with this article.
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