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Objective: The objective of this study was to determine the use of 3D printed model of an eye 

with intraocular tumor for linear accelerator-based stereotactic radiosurgery.

Methods: The software for segmentation (3D Slicer) created virtual 3D model of eye globe 

with tumorous mass based on tissue density from computed tomography and magnetic resonance 

imaging data. A virtual model was then processed in the slicing software (Simplify3D®) and 

printed on 3D printer using fused deposition modeling technology. The material that was used 

for printing was polylactic acid.

Results: In 2015, stereotactic planning scheme was optimized with the help of 3D printed model 

of the patient’s eye with intraocular tumor. In the period 2001–2015, a group of 150 patients 

with uveal melanoma (139 choroidal melanoma and 11 ciliary body melanoma) were treated. 

The median tumor volume was 0.5 cm3 (0.2–1.6 cm3). The radiation dose was 35.0 Gy by 99% 

of dose volume histogram.

Conclusion: The 3D printed model of eye with tumor was helpful in planning the process to 

achieve the optimal scheme for irradiation which requires high accuracy of defining the targeted 

tumor mass and critical structures.

Keywords: 3D printing, uveal melanoma, stereotactic radiosurgery, linear accelerator, intraocu-
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Introduction
The most aggressive type of intraocular tumor in adults is intraocular uveal melanoma. 

In the United States, its incidence is recorded in ~4.3 new cases per million people,1 

in the Slovak National Cancer Registry, it is from 0.2 to 0.6/100,000 inhabitants of 

Slovakia.2

The current diagnostic tools such as ultrasound, optical coherence tomography, 

computed tomography (CT), and magnetic resonance imaging (MRI) with ophthal-

mological examination during the diagnosis of primary uveal melanoma has better 

results than in the past.

Radiotherapy (external beam, proton beam, charged particle, brachytherapy, 

Leksell Gamma Knife®, and stereotactic radiotherapy [SRT]) has become the pre-

ferred method of treatment in the vast majority of uveal melanoma patients in the 

past decades. This method uses different radiation modalities during uveal melanoma 

treatment. Another alternative treatment, applicable for small and middle stage of 

posterior uveal melanoma, is stereotactic radiosurgery (SRS). Typically, this category 

includes extracerebral lesions such as uveal melanoma, and SRS has been invented in 

treatment of intraocular tumors in the last two decades. This treatment ensures local 
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control on good level, and the corresponding survival rates 

are comparable to other used treatments.3–5

The radiosurgery provided by one-fraction of linear 

accelerators (LINAC) is not a usual approach in the treat-

ment of choroidal melanoma. This method uses the so-called 

image fusion of two sources: data from contrast-enhanced 

MRI and CT which are used for the calculation of planning 

coordinates. This treatment is similar to SRS; however, in this 

treatment, only one single fraction based on spatial accuracy 

of pre-calculated collimating system is administered.6

The eye with uveal melanoma must be immobilized 

before stereotactic irradiation. SRS sutures are placed under 

four extraocular direct muscles through the conjunctiva and 

through the lids. The stitches are fixed to the stereotactic 

Leibinger frame and the stereotactic frame is fixed to the 

head. On the same day, CT and MRI examinations with the 

system of immobilization of head and eye are performed.7

After the fusion of CT and MRI images, the stereotactic 

treatment planning procedure is optimized according to 

the critical structures – lenses, optic nerves, and chiasm 

(Figure 1). Calculation of the tumor volume is based on the 

region of interest (ROI) of the tumor. The therapeutic dose 

is 35.0 Gy by 99% of dose volume histogram (DVH).7

In the afternoon, the patient undergoes irradiation at linear 

accelerator. Sutures and frame are removed. The planned 

therapeutic dose in 1-day SRS session is 35.0 Gy (TDmin). 

Dose to the margin of the lesion varies from 35.0 to 38.0 Gy 

(TDmax 37.0–50.0 Gy). The doses to the critical structures 

are 8.0 Gy for the optic nerve and the optic disc and 10.0 Gy 

for the anterior segment of the eye.3,7

A team of specialists comprising ophthalmologist, neurosur-

geon, and medical physicist are responsible for SRS plan-

ning. The process of this planning is based on CT and MRI. 

Fusion of data from both the imaging techniques accurately 

specifies the anatomical structures, differentiation of targeted 

volume, tumor mass from healthy tissue, and the most 

critical structures (chiasma opticum, brain stem, skin of the 

head, bilateral optic nerves, and lenses). Precise planning 

is important for determining the stereotactic coordinates of 

radiation beams that will be applied into targeted tumor mass. 

Irradiation of critical structures by inappropriate doses can 

lead to loss of vision or other complications and can reduce 

the quality of patient’s life after the therapy.8,9

SRS planning in a computer system can be made either 

automatically or manually. Defining the head surface is 

important in the calculation of the penetrating depth of each 

radiation beam. Medical physicist can manually draw borders 

of targeted tumor and also define borders of critical structures 

in each CT/MRI scanned slice. The whole team of special-

ists are responsible for correctly defining the structures. 

Current development of 3D printing enables us to create 

models of objects, shapes, and structures that seemed almost 

impossible to be printed earlier. It is important to note that 

two-dimensional (2D) radiographic images, such as X-rays, 

MRI, or CT scans, can be converted to digital 3D print files, 

allowing the creation of customized anatomical and medical 

structures.10 Planning process requires high accuracy in 

defining the targeted tumor mass and critical structures. 

In this study, the shape and borders of an intraocular tumor 

were created for the first time successfully by using 3D print-

ing technique in patients indicated for SRS. It helped to obtain 

an idea of real-shaped eye with tumor during stereotactic 

planning process, for which the 3D printed eye model with 

tumor mass is required. Influence of subjectivity and the 

possibility of an error during the process of determining the 

tumor borders are eliminated in 3D model. Understanding 

of bizarre shapes of a tumor in real 3D model can increase 

the accuracy of planning.

This study consists of the assessment of uveal melanoma 

treatment, provided by one-day session of LINAC based on 

SRS method. In 2015, optimization of the planning scheme 

with 3D printed individual model of the eye with intraocular 

tumor in five patients was invented, and this model was used 

by optimizing the planning scheme of each patient.

Methods
The aim of this study was to develop a new modality for the 

visualization of intraocular tumors in 3D space for planning 

stereotactic radiosurgical procedure on linear accelerator. 

The Ethics Committee of the University Teaching Hospital 

Bratislava deemed written informed consent and ethics 

approval were not needed as the data of the patients were 

not used for direct therapy, only as a support for model situ-

ation – 3D model.

Figure 1 Mri of a patient with posterior uveal melanoma: arrow + red color indicate 
tumor mass, yellow and blue colors indicate lens, and green and orange colors indicate 
optic nerves.
Abbreviation: Mri, magnetic resonance imaging.
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By the 1-day session surgery, the patient undergoes CT 

and MRI examinations with the condition that the target eye 

is immobilized by the stereotactic frame. The fusion of the 

CT and MRI data is used in the planning for the stereotactic 

treatment and is optimized against not only the critical struc-

tures such as optic nerve and lens of the target eye but also the 

lens and optic nerve at the contralateral side and the chiasm 

too. SRS is executed in a 1-day session. Model LINAC C 600 

C/D Varian with 6 MeV X is used as linear accelerator.

The tumor volume (size) is calculated on the basis of 

the ROI. 3D reconstruction proves that the calculation was 

done correctly. The pre-calculated therapeutic dose for each 

tumor mass is 35.0 Gy in 99% of DVH. At the same day after 

pre-calculation, usually afternoon, patients undergo targeted 

irradiation with linear accelerator. SRS planning scheme 

ensures that the doses for the critical structures are 8.0 Gy 

in the area of optic nerve and optic disc and 10.0 Gy in the 

area of anterior segment of the eye. Sutures and stereotactic 

frame are removed under local anesthesia.

Five models of the eye globe with intraocular tumor were 

printed into 3D form based on radiographic 2D data from 

CT. 3D Slicer, a free, open source software version 4.5.0+ 

(https://www.slicer.org/) for data segmentation was used to 

generate the virtual 3D model of the targeted eye. Imported 

data set from CT was with an accuracy of 1 mm scan thick-

ness. The created model consisted of scleral globe, corneal 

segment, lens, optic nerve, and mass of a tumor. Muscles 

and corpus vitreum were not included. Lens and optic nerve 

that are very important anatomical structures for orientation 

are visible points at the small printed 3D model. Virtual 

3D model was sliced, additional support was calculated, 

and the 3D model was prepared for printing in 3D printing 

slicing software Simplify3D® (Cincinnati, OH, USA). Print-

ing technology fused with deposition modeling was used. 

Thickness of one layer in vertical line was 100 μm which 

provides an ideal proportion between accuracy and velocity 

of 3D printing process. The estimated time for the printing 

process in 3D printer was from 15 to 30 min per model. The 

3D models of this study were printed in different colors. One 

3D model was printed as tripled size to compare structural 

visibility and localization of the tumor.

Results
In 2015, 3D printing model of an eye with uveal mela-

noma to improve the SRS planning scheme was invented 

(Figures 1 and 2). By using the software for segmentation 

(3D Slicer), a virtual 3D model of eye globe with tumor 

based on tissue density was created from CT and MRI data 

(Figure 3). A sharp cut of the model was made to uncover the 

inner surface of the globe, preserving important structures. 

Virtual model was then processed in the slicing software 

(Simplify3D) and printed on 3D printer using fused deposi-

tion modeling technology (Figures 4 and 5). The material 

used for printing was polylactic acid.

Discussion
The management of uveal melanoma has changed in the 

last decades, focusing toward the techniques sparing the eye 

globe. The alternatives to radical enucleation vary from basic 

observation up to external beam radiotherapy, transpupillary 

thermotherapy, endoresection with pars plana vitrectomy, 

block-excision, charged particles, Leksell Gamma Knife®, 

brachytherapy using various radioisotopes, and SRS.11,12

More than 15 years this stereotactic irradiation is used 

in clinical practice to treat patients with uveal melanoma. 

Over the past few years, the therapeutic single dose was 

reduced up to 35.0 Gy without reduction in tumor control 

rate. Possible advantage of hypofractionated treatment, as 

many radiobiological studies indicate, is that a very large 

single fraction is used to sterilize uveal melanoma cell 

Figure 2 stereotactic planning scheme of the same patient.
Note: arrow and red circle indicate tumor mass.

Figure 3 Virtual model of the eye, outer view; arrow indicates optic nerve.
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lines. It has obtained additional interest in fractionated 

SRT. The advantage of a feasible fractionation is used by 

LINAC. Hypofractionated scheme of four or five fractions 

with total doses from 50.0 to 70.0 Gy is employed by most 

of the LINAC studies. Different studies report that efficacy 

of SRT in uveal melanoma treatment has been proven on 

local tumor with control rates 90%. In the treatment of 

juxtapapillary choroidal melanoma, the SRT offers another 

noninvasive alternative for enucleation and brachytherapy 

with high tumor control rate.13,14

If the tumor is too large for conventional brachytherapy, 

then the gamma knife radiosurgery and SRS are used as the 

alternative in therapy for uveal melanoma. Few published 

results support SRS therapy in specific cases of uveal 

melanoma.15,16

Compared to other forms of radiotherapy, typical radio-

genic side effects after SRT are reported in radiation 

retinopathy, cataract development, neovascular glaucoma, 

and opticopathy. It can lead to visual acuity loss and in 

worst cases also to secondary enucleation. In general, SRS 

and SRT are considered as effective treatment modalities for 

uveal melanoma. SRS is one of the new methods; hence, the 

need for multicenter trial, in order to compare the outcomes 

against other methods, is recommended. Stereotactic photon 

therapy for uveal melanoma, using CT and MRI images, is 

very safe and is a precise treatment option with excellent 

local control. Visual reduction was noticed in a high number 

of patients because of unfavorable tumor size and location in 

the vicinity of critical structures (eg, optic nerve and macula). 

Stereotactic irradiation for uveal melanoma by using LINAC 

is feasible and well tolerated. This eye-preserving treatment 

can be offered to patients who have medium-sized and unfa-

vorably located uveal melanoma.

Although rare, optic neuropathy can occur after radiosur-

gical treatment for lesions that are localized close to the visual 

pathways. One-step LINAC-based SRS with single dose of 

35.0 Gy in conjunction with a mechanical immobilization 

system with four sutures is a highly effective method to treat 

small- and middle-stage uveal melanomas.7

The 3D printing has its new role in ophthalmology by val-

idating and demonstrating how the real models of tumors look 

like. Nowadays, precise device modeling allows the material 

to be printed at a resolution of 600 μm. This approach is 

used also in other type of ophthalmological surgery, cataract 

surgery, which enabled the development of Cana’s ring (CR) 

and special 3D pupil expansion device.17

Another practical use of 3D printing in ophthalmology is 

for the examination of eye fundus. The procedure depends 

on the correct position between smartphone and spherical 

Volk lens. The lens adapter coupled with the smartphone 

has the connecting device developed and 3D printed from 

plastic materials.18

Different studies evaluated the efficacy of SRS for uveal 

melanoma. Previous study reported that tumor control rates 

5 and 10 years after therapy were 90%.19 Radiogenic side 

effects are similar to other forms of radiotherapy. Neovas-

cular glaucoma is the reason of visual acuity loss and is the 

necessity of secondary enucleation. Nowadays, stereotactic 

photon beam radiotherapies are considered effective treat-

ment for intraocular melanoma. Future studies and follow-up 

are necessary to find the optimal treatment modalities.19

The 3D printed model of eye globe with tumor is helpful 

in stereotactic planning process. Planning of SRS is based 

on CT and MRI data. Accuracy of defining all the structures 

in the planning software depends on the understanding of 

the collocation. By creating a new 3D modality for tumor 

Figure 4 Printed 3D model of the eye with intraocular uveal melanoma, middle-
stage T2; arrow indicates tumor mass.

Figure 5 Printed 3D model of the eye with intraocular uveal melanoma, middle-
stage T2 (arrows indicate tumor mass), with stereotactic planning scheme on the 
background.
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visualization, real model of the eye was provided for the 

specialists, which enabled them more effective planning for 

the SRS. Virtual model can be seen on computer only, but 

real 3D model can be held by the physician and physicist in 

their hand and can give them a better imagination of the real 

situation inside the eye globe, for example, distance of the 

tumor to the lens and distance to the optic disc.

Conclusion
Possibility to hold the real 3D model of the affected eye helps 

specialists to understand and imagine the size and localiza-

tion of the tumor compared to 2D radiographic imaging. 

Developing the 3D model of an eye with intraocular tumor 

at the time of preparing the planning scheme for SRS is a 

new step for the team of specialists to perform individualized 

plan for the patient with uveal melanoma.

Disclosure
The authors report no conflicts of interest in this work.
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