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MATRIX METAL COLLIMATORS STUDIES FOR THE SPATIALLY FRACTIONATED
RADIATION THERAPY. TUNGSTEN, TANTALUM AND IRON COLLIMATORS

Radiation therapy has long been a cornerstone in cancer treatment, but its effectiveness is often limited by the need to
spare healthy tissues while targeting tumors. Spatially fractionated radiation therapy, a novel approach, addresses this challenge
by dividing the primary radiation beam into multiple minibeams, thereby increasing the peak-to-valley dose ratio (PVDR) and
potentially enhancing therapeutic outcomes. In this study, we explore the optimization of minibeam generation using
mechanical collimators composed of Tungsten, Tantalum, and Iron, three high-density materials well-suited for radiation
therapy applications. The primary objective of this research is to improve the efficiency of spatial dose fractionation, a critical
factor in reducing radiation-induced damage to normal tissues. The PVDR is a key parameter in fractionation, with a PVDR
of 8 or higher considered optimal. Minimizing the valley dose is equally crucial to preserve healthy tissue architecture and
support tissue repair. To achieve efficient spatial fractionation, we present a new type of metal matrix collimator with modular
design features, including 2.5 mm thick plates made of Tungsten, Tantalum, or Iron. These materials are chosen for their
hardness, facilitating mechanical processing, and reducing the need for post-processing. Central plates incorporate 1 mm wide
slits, creating channels for beam fractionation. A 5x5 hole matrix with 1 mm diameter and 2.5 mm pitch covers an area of
11x11 mm2, providing flexibility in collimator size and geometry. Specialized collimator modules ensure alignment when
stacked.

This work introduces a novel metal matrix collimator design and presents promising results for improving spatial dose
fractionation in radiation therapy. Monte Carlo simulations provide insights into optimizing collimator features for maximum
efficiency. These findings support further biological studies to evaluate the impact of fractionation on both normal and tumor
tissues, paving the way for the practical implementation of collimation in clinical practice. Spatially fractionated radiation
therapy holds great promise as an alternative approach for treating complex cases in cancer therapy, potentially enhancing
patient outcomes and reducing radiation-induced side effects.
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AOCIZKEHHS MATPHYHUX METAJIEBUX KOJIIMATOPIB 1JI5I IPOCTOPOBO-
OPAKINIOHOBAHOI IIPOMEHEBOI TEPAIIIL. BOJIb®@PAMOBI, TAHTAJIOBI TA 3AJII3HI
KOJIIMATOPH

Ilpomenesa mepanisa 6sce 0agHO € 0OHUM i3 OCHOBHUX IHCMPYMEnmie y NIKY8aHHi paKy, ane it egpekmuenicms yacmo
00MeHCYEMbCA 00306UM HAGAHMANCEHHAM HA 300P06i MKAHUHU AKI jAexcamsv HA wiaaxy 00 nyxaunu. IIpocmopoeo
¢pakuionosana npomenesa mepanis, Hoeuii nioxio, eupiuiye yio npooaemy, po3oinalouu NePeUHHUI RYYOK GURPOMIHIOBAHHA
Ha KinbKa MIHI-npOMeHis, MAKUM YUHOM 3HUNCYIOUU 003Y ORPOMIHEHHA 300pPOGUX MKAHUH i NOMEHUINHO NOKpawyiouu
mepanesmuyni pezynomamu.Mema 0ano2o 00cniodcenns ye onmumizayis enepayii Mini-nyuKie 3a 00NOM0o2010 Memaneeux
MAMPUYHUX KOIMAMOpie, wio 0y0yms 6u20moeneHi 3 6oabhpamy, manmaiy ma 3aaiza, mpoLox Mmamepianie GuUCOKOV
wjinonocmi, AKi 000pe nidxo00ams 013 3aCMOCY8ANHA 6 npomeHesiil mepanii. OCHOGHA Mema Yb020 OOCIONHCEHHA NOIAZAC 6
momy, w06 nioguwumu ehpeKmugHicms RPOCMOpPo8020 PPaKUioOHy6anHua 003u, W0 € KPUMUYHUM (PaKmopom y 3MeHuIeHHi
CHPUYUHEHO020 PAdIAUuicl0 NOWKOONHCEHHA HopmanbHux mkanun. PVDR € knouoeum napamempom y gppaxyionyeanni, npu
uvomy PVDR 8 abo euwie 6sarxcacmoca onmumanvHum. /na 00cazHeHHA eheKmueHoz2o0 npocmopoeozo paxkuionyeanns mu
nPeOCmasnAEMO HOGUIL MUN MEMANE6020 MAMPUYHO20 KOJIIMAMOPA 3 MOOYIbHUMU KOHCIPYKMUGHUMU 0COONUBOCMAMU,
GKII0YAIOYU NIACHMURU MOBUWUHOI0 2,5 MMm i3 6onbhpamy, manmany abo 3aniza. L[i mamepianu eubpano uepes ixuio ¢ioHocny
npocmomy mexaniunoi oopooxu. Llenmpanwvni nnacmunu micmame winunu wupunoro 1 mm, aki cmeopooms Kanaiu 01
¢paxyionysanna nyuxa. Mampuuys omeopie 5x5 3 oiamempom 1 mm i kpoxom 2,5 mm 3aitmace nnowy 11x11 mm> Cneyianvno
PO3poodaena ceomempisn Konimamopa 3ade3neuyc 6UpieHI06anHsa npu ckaadanui. L{s po6oma npedcmaenne Hogy KOHCMPYKUito
Konimamopa 3 Memanesow mampuyer) ma npeocmasnic 6azamooodiyaryi pesyromamu 0131 ROKPAUWEHHA NPOCHOPOEO20
¢pakuionyeanns 0ozu é npomenegii mepanii. Mooeniosanna memodom Moume-Kapno oae 3mozy nokpawyumu zeomempiio
Konimamopa O0na 00CAZHEeHHA MAKCUMANbHOI eghekmuenocmi gpaxyionyeanns. Pesynomamu uyiei poéomu oyoyme
GUKOPUCMAHI 0N NOOAbUIUX OOCTIONHCEHb ONA OUIHKU 6NAUGY (PPAKUIOHYBAHHA AK HA HOPMANbHI, MAK | HA RYXJAUHHI
MKAHUHU, GIOKpUBAIOYU WNAX ONA NPAKMUYHO20 6NPOaAdIceHna Konimayii ¢ kniniuniit npaxmuuyi. Ilpocmopoeo
¢paxyionosana npomenesa mepanis mae 6enAUKi nepcneKmMuUsU AK a1bMePHAMUGHUIL RIOXIO 00 NIKYBAHHA CKIAOHUX BUNAOKIE
PAKy, ROMEHYIHO NOKPAWYIOYU pe3yabmamu JiKY6aHHA RAUIEHMIE i 3Menuiylouu nooiuni ehexmu, cnpuuuneni padiayicro.

Kniouosi cnoea: npomenesa mepanis, npocmopoge Qpaxkyionyeauus, Koaimamopu, mooenioganns Geantd,
@paxyionysanna 003u, peHmeeHigCoKi nyuKu.
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Introduction. Dose tolerance of normal tissues is the main problem the radiation therapy. To
decrease radiation impact on the healthy cells there was offer to use a new conception, based on splitting
main beam on many minibeams. This is a new technique that is mainly being researched in tandem with
proton therapy. But proton therapy is much less common than classical radiation therapy, which uses
gamma quanta and electrons with energies up to 25 MeV. The previous studies [1] showed effective
fractionation and potential for the next research. Main aim of this work is optimization of generated
minibeams by mechanical collimators. The main parameter of fractionization is peak-to-valley-dose-ratio
(PVDR). The minimum dose in the central region between two beams is named valley dose and the dose
in the center of the beam is the peak dose. The ratio between peak and valley doses is called peak-to-valley
dose ratio and plays a pivotal role in biological response. High-quality fractionation is considered with the
parameter PVDR 8 and higher. In addition, it is essential that the valley dose is kept to a minimum to ensure
the preservation of normal tissue architecture and survival of sufficient cells needed for healthy tissue
repair. It was hypothesized that the microscopic lesions in the micro/mini-beams paths are repaired by the
minimally irradiated cells contiguous to the irradiated tissue slices [2]. This reparation effect was observed
in experiments with high energy (MV) photons. Spatially fractionating is very important techniques for the
x-ray or electron radiation therapy that are more spread in most part of countries and cheaper than hardon
therapy.

Methods. The present paper demonstrates the next research stage of the metal matrix collimators for
minibeam radiation therapy. We discover efficiency collimators made out of Tungsten, Tantalum and Iron.
Also there have been made modification of collimator geometry. Collimators are made out of 2,5 mm
thickness plates. This decision has several advantages. Tungsten and Tantalum are very hard metals for
mechanical processing, in this case, thick plates are the best choice. Collimators are designed so, that the
plates require minimal post processing. Such modular system provides to variate collimator size and
geometry. It allows to tune it for different beam energies and types. Central plates have special 1mm width
slits. These slits create channels for the beam fractionization when collimator block is assembled. The
collimator design presented on the Fig.1 will be made of tungsten or tantalum plates. Beam splitting
provides by hole matrix 5x5, 1 mm diameter and 2.5 mm pitch, area covering 11x11mm?2. Collimator
modules have specific form for the mounting one on top of the other to avoid displacement (see Fig.2).

70

8

20 ]

Outer plate - o IR
| ic’

a|l O Q o @

| 8
12
51 - /?7
&

“Body plate ’7 1
*‘ @) @] @] C ‘ i

1,5

[ |Central plate =~ 215
©) O] O @]
— —

1

1]

Gl
G'L

Fig. 1. Drafts of the collimator plates. Outer plates have shifted mounting holes. It provides
precise assembling of the blocks
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For experimental studies of collimator efficiency there will be used TimePix detector. This is pixel
semiconductor with 16x16mm and 256x256 pixels sensor area. The detector allows to get 2-dimension
picture of the beam profile in real time [3].

Fig. 2. 3D model of the tungsten collimator.

Results. The Monte Carlo simulation application Geant4 version 10.6 and Fluka version 4-1.1 ware
used for the modeling. For Geant4 the physics list and parameters recommended by the Geant4
collaboration for radiation therapy applications were used. In particular, QGSP_BERT_HP physics list and
range cut of 100 um was considered for all the particles.
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Fig. 3. PVDR for different thickness tungsten collimator for gamma quants 25MeV and electrons
18MeV

Results of simulation show possibility for high-rate ionization radiation fractionization. Several types
and geometries of collimators were investigated to assess the possible gain in tissue sparing with respect to
seamless irradiation. Detailed results of simulation for new one will be presented in the full paper.

Discussions. The modular design of our collimators, with its adaptable size and geometry, provides
an essential advantage. It allows for tailoring the collimation to specific beam energies and types, thus
accommodating diverse clinical scenarios. The incorporation of central slits effectively generates
minibeams, optimizing the peak-to-valley dose ratio (PVDR) and ensuring minimal valley dose, both of
which are critical for achieving therapeutic success.

While our study primarily focuses on the technical aspects of collimator design and simulation, the
ultimate goal of spatially fractionated radiation therapy is to benefit patients. Future biological studies are
warranted to assess the clinical impact of fractionation on both normal and tumoral tissues. Understanding
how this approach affects tissue repair mechanisms and overall treatment outcomes is crucial for its
practical implementation.
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Fig. 3. Beam distribution in the tungsten collimator (3 cm width) for electron beam 18MeV.
After passing the collimator, the minibeams penetrate into PMMA at x=0.

The successful implementation of spatially fractionated radiation therapy with metal matrix
collimators requires careful consideration of clinical workflows and patient-specific treatment planning.
Future research should focus on translating these findings into clinical practice, addressing practical
challenges, and ensuring safe and effective treatment delivery.

Conclusions

In the present work, a new type of matrix collimator made out of Tungsten, Tantalum and Iron for
the shaping mini beams has been simulated and tested to improve the efficiency of the spatial dose
fractionation for different types of ionizing radiation.

The Monte Carlo simulation code has been developed to optimize the features (material, thickness,
etc.) of collimating systems (multi slits or matrix) to produce optimal multi-beam structures for maximum
efficiency of spatially fractionated radiation therapy It has been shown that the high levels of delivery dose
fractionization can be achieved for x-rays and electrons.

The general conclusion is that fractionation seems to offer a promising alternative to treat delicate
cases.

Following this results, biological studies are warranted to assess the effects of fractionation on both
normal and tumoral tissues, for which the practical implementation of collimation seems justified.
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