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Radiotherapy treatment is an essential part of the Study Design Target Volume Comparison Analysis Tangential-IMRT showed superior ipsilateral lung sparing and
management of left-sided breast cancer, and this requires an  Planning Computed Tomography datasets of 30 left-sided breast cancer female  The dosimetric parameters of the target volume, including D2%, D5%, D95%, Dmax, Conformity index a significant reduction in high-dose region cardiac exposure
optimal balance in target volume coverage and organs at risk, patients who were treated between 2020 and 2024 in the Department of Radiation (Cl), and Homogeneity index (HI), were compared across small, medium, and large breast sizes to when compared with VMAT for all breast sizes. Although
such as the ipsilateral lung and the heart. Advanced techniques Oncology, Steve Biko Academic Hospital, Pretoria, South Africa, were used for this evaluate the quality of target dose coverage. The results of the comparison between tangential-IMRT V.MAT provided slightly lower h.eart (V7GV < 5%) va.Iu.es,
such as tangential-IMRT and VMAT are commonly used.  study. The diversity in the size and shape of the treated breasts in the selected cases and VMAT are shown in Table 1 below. h|gher (V1.5Gy < 30%) doses did not improve its clinical
However, the dosimetric performance of tangential-IMRT and was assessed, with 30 left-sided cases. The mean breast volume of the selected Table 1: Planning Target Volume Parameters for Small, Medium, and Large Breasts bedn-eﬂ;. Thus,h t-II\/IRT. m.ay. .bed preferred for breast
VMAT for varying breast sizes has been poorly characterised.  patients was 781.014 cc, ranging from 235.969 cc to 1471.019 cc. This parameter {/aMth sirjv?/i(\ijg:teOrAclz\l/sefar:goe”::fhé slanning target volulie
The aim of this study was to compare the effectiveness of = was not a selection criterion, as we sought information on irradiation techniques oy Mse:iilm Z:iig:gi ;;j;ig:gi g:gig across all breast sizes, while t-IMRT showed better sparing of
tangential-IMRT and VMAT for hypo-fractionated left-sided  with respect to breast size. Breast sizes were categorised as follows: small breasts < — 27,084 0.04 605 4 0.03 0143 the lungs and heart, particularly in the high-dose region. This

breast cancer across small, medium, and large breast sizes. 589.77 cc, medium breasts between 590 and 900 cc, and large breasts = 900 cc. For Small e B~ e~ study has demonstrated a trade-off between the two

B k d each of the 30 patients, two treatment plans were generated: t-IMRT and VMAT. All D5% (Gy) Medium 26.95 + 0.04 2702 + 0.04 0.489 techniques in terms of PTV coverage and sparing of OARs. It
ackgroun modulated techniques were planned and calculated on a Monaco (version 6.2.2.0, Large oo S 0,333 has also been shown that the choice of technique relies on
B - oy o left-sided Breast cancer is more complex, and Elekta AB, Stockholm, Sweden) treatment planning system (TPS) using a Monte Carlo Small 23.20 + 2.34 25 94 + 0.07 0.001 individyal patient anatomy and clinical requ.iremgnts.

5. 300i : . ’ | calculation algorithm. D95% (Gy) Medium 22.98 +1.81 25.57 +0.16 <0.001 VMAT 'S_ preferable when target co.verage s critical, whergas
avoiding overlapping and reducing radiation damage to norma t- IMRT is advantageous when cardiac and pulmonary sparing
tissue without missing target area should be a basic Design of the Treatment Plans Large 23.41%2.66 22212017 0.003 i ioritised ticularlv i tient ith hicher baseli

is prioritised, particularly in patients wi igher baseline

: . . - , , Small 28.33+0.05 28.59 + 0.03 0.012

radiotherapy requirement (Liu et al, 2016). In addition, Both VMAT and t-IMRT dose calculations were performed using a 6 MV Elekta HD e cardiovascular risk. More studies have shown that Deep
hieving a uniform radiation dose distribution within the : : - Dmax (Gy) Medium 28.52£0.05 28.:5+0.08 0.802 irati

ac 5 linear accelerator, on which all contouring of the PTV and OARs had already been Inspiration Breath Hold (DIBH) can help reduce dose to the
lanning target volume (PTV) is challenging due to the PTV’s : : : Large 28.4410.09 28.51£0.06 0-591

P | s targ ) o sing . done in the TPS. Final dose calculations were then performed. These procedures Sl 055 5 0.02 0.89 4 0.00 0,001 heart and lungs, so t-IMRT could meet the coverage

complex anatomy and surrounding structures. The left breast . . . 22 =8 ©7 =5 ' requirement if DIBH is used (Wu et al. 2025).

I blex three-dimensional (3D) shape andiis surrounded enable comparison of VMAT and t-IMRT plans in a single DVH, and consequently, cl Medium 0.49 + 0.02 084+ 001 <0.001 9 ( ‘ )

: . h lection of the plan th rs mor | m a clinical per '
by important organs at risk (OARs), such as the lung and the tvi:hsz errc12(d)ia: PtT\(/e goase tofazgp(:);africtiznea’?eccjetztasze(];:/Opef dcalyl’fz epnesjfeecg:cl)\;ed’ ;argi ?).571(()).(()31 2.2818.32 0610308 Where VMAT is chosen on clinical judgment criteria to provide
heart on the same side (Liu et al., 2020). The configuration and ’ ' me 0620. 372001 <0.001 sufficient target dose coverage, it is highly recommended that
B & breast can affect theldistiiBUEETIE At aldose in comparability between the two plans. According to the Fast-Forward protocol, PTV HI Medium 0.78 + 0.01 0.56 + 0.04 0.005 this is achieved in combination with Deep Inspiration Breath
postoperative breast radiotherapy, and the coverage of the left parameters are as follows: D2% (Gy) 2 107%, D5% (Gy) = 105%, DS5% (Gy) = 95%, Large 0.77+0.02 2H52 & D02 Li0t Hold (DIBH) techniques that physically move the heart away

breast target can be more challenging due to the proximity of and Dmax (Gy) < 110%. For the ipsilateral lung (V8Gy < 15%) and heart (V7Gy < 5% Both t-IMRT and VMAT techniques met the hot-spot constraints of D2% < 107% and D5% < 105%. from the high dose area of the thorax, potentially minimising
the heart as an OARs (Karageorgiou et al., 2022). It is and V1.5Gy < 30%) (Zhang et al., 2024). All plans were optimised and evaluated for However, VMAT provided better D95% coverage across all breast sizes than t-IMRT. Additionally, VMAT the high Heart (V1.5Gy < 30%) that was observed in this study

challenging to adopt a treatment planning technique that optimal target coverage, conformality, homogeneity, and dose limits of OARs (as provided better Cl and Hl results, with a significant improvement in small and medium breasts. using the VMAT technique.
achieves good radiation dose conformity within the target low as possible without compromising target coverage or conformity) (Abo-Madyan , , , f
volume while minimizing the dose to organs at risk (Inoue et et al., 2014) Organs at Risk (OARs) Comparison Analysis Reterences
al., 2020). Treatment planning techniques, such as tangential- Tan ’ential IMRT Plans The dosimetric parameters for organs at risk (OARs) focused on the heart (V7Gy < 5% and V1.5Gy <
intensity modulated radiotherapy (t-IMRT) or volumetric & . | 30%) and the ipsilateral lung (V8Gy < 15%). The findings are reported in Table 2, corresponding to LIU, H., CHEN, X., HE, Z. & LI, J. 2016. Evaluation of 3D-CRT, IMRT, and VMAT
modulated arc therapy (VMAT), minimize dose to healthy tissue For all 30 cases, the t-IMRT plans were generated using four fixed beams arranged small, medium, and large breast volumes, respectively, for both treatment modalities. radiotherapy plans for left breast cancer based on clinical dosimetric study.
] ndl . . . butterfl fi ti = dial b t 310° d 195° dt lat | Computerized Medical Imaging and Graphics, 54, 1-5.
OARs and achieve a homogeneous dose distribution in low- IN"a DUTIErTy e DV O M edial DEAMS a an , and two latera LIU, F-Y., DONG, Z.-W., YANG, H.-B. & SHI, H.-Y. 2020. Evaluation of the clinical
dose regions. beams at 130" and 145° to ensure the best possible coverage of the breast tissue Table 2: Organs at Risk Parameters for Small, Medium, and Large Breasts aRg?;;;ZgznP%tggsA:rtggf::vlig?r;n?ggIe1?g&'llc\)ﬂORT e
‘ i and to minimise dose to the adjacent critical structures. Treatment deliver : : KARAGEORGIOU, M., GIAKOUMETTIS, G., BOUSBOURAS, P., PLATANIOTIS, G. &
% o> .treatment planning for retrc.)spectlve dose . . .J . . X T-IMRT (Mean £ SD) VMAT (Mean + SD) PAPANASTASIOU, E. 2022. P.1.6 - DOSIMETRIC COMPARISON BETWEEN
evaluation may include only the heart as a single structure, employed a dynamic Multi-leaf Collimator technique and dose calculation based on Small PEEEE By e FOUR DIFFERENT RADIOTHERAPY TREATMENT PLANNING TECHNIQUES IN
without delineating its sub-volumes. The dose distribution - e ” : SR SR : LEFT BREAST CANCER PATIENTS WITH LARGE-SIZED BREASTS. Physica
bt . g | . | the Monte Carlo algorithm. The “isocentre” of the treatment machine was Heart (V7Gy < 5%) Medium 5.17+1.91 4.46 +0.14 0.133 Medica, 104, S25.
within the heart itself in left breast cancer radiotherapy is often positioned at the geometric centre of the PTV for left-sided breast treatments. e 455+ 55 4.39 + 0.05 0.766 INOUE, E., DOI, H., MONZEN, H., TAMURA, M., INADA, M., ISHIKAWA, K.,
_ o ) _ _ R R ' NAKAMATSU, K. & NISHIMURA, Y. 2020. Dose-volume Histogram Analysis of
nIOt hom(;gzr]eol:ls (Ratos:: det al, 201||8)a.ffFew tr?atment Both the collimator and couch angles were set to 0°, and the field configuration Small 0.94 +0.08 2.91+0.09 <0.001 Knowledge-based Volumetric-modulated Arc Therapy Planning in Postoperative
p ann|ng stuaies nave repor ed d Very SMa Iirerence In mean . i . g . . ! ) Breast Cancer lrradiation. /n Vivo, 34, 1095-1101.
A 4 X , 4 dalit ) ) was automatically defined as shown in Figure 1a. After achieving the optimal dose Heart (V1.5Gy < 30%) Medium 1.71+0.04 3.35+0.15 <0.001 RATOSA. I.. JENKO, A. & OBLAK, |. 2018. Breast size impact on adjuvant radiotherapy
eart dose across breast sizes and modalities, such as t-IMRT . : . . .
. . distribution, the TPS created hotspot volumes. Subfields were created to reduce Large 1.08 + 0.01 3.31+0.09 <0.001 adverse effects and dose parameters in treatment planning. Radiol Oncol, 52, 233-
and VMAT, which can all increase the mean heart dose Y e b » ol . Sl 2384494 c 194 0.88 0.0%6 244,
. ' —— . Ma . T4, . T U. .
depending on the patient’s anatomy. Most clinical «trials these hotspots and improve the dose homogeneity in the PTV. ipsilateral lung AHI'\;)(I?IlIJL(IZIID-Ilég,O\l(lAI\(l:GEE‘\I;E?EDIQ.%KSS;SEI(L:JKLSWEIiKCZ)(\)/;, cL:J.,_DESIC\j/ET(,jA., g
. . . : . . VMAT Plans ; Medium 4.20 +1.98 6.07 + 0.05 0.001 SO G ARG A 20217 S IENC ELERRISing
prowdmg this evidence use two-dimensional radlotherapy or (V8Gy < 15%) ] 29 +413 94 + 0.4 0.349 lower axilla in adjuvant radiotherapy for breast cancer: Differences between
three-dimensional conformal radiotherapy (3D-CRT). They base The VMAT plans were designed for all 30 cases and consisted of two coplanar arcs arse > > > alsagenin Comm and \é“}g¢$fRAac1gOt£Zf'thigdI\C/I).nCL?AI\(;\g}{’Sl)eSI\j:Ai\BZM?iBKAPANEN
these techniques on a tangential approach. that uses two delivered in clockwise and counterclockwise directions. The gantry angles for the Heart \I\;IM2AOT1§- Dotsimg_trit%effectSJofana;or;l/i\cal/de;oglna_tioln;’agq p/o;;}’iorying fgoggénm(a
. . reast radiotherapy. Journal or Applie Inica edaica ySICS, . I .
opposed, uniform photon beams and wedges to create a plans were chosen based on the curvature of the Planning Target Volume (PTV), In terms of cardiac sparing, the dose constraint for the tangential-IMRT was met, as (V7Gy < 5% and NOBLET, C., DUTHY, M., COSTE, F., SALIOU, M., SAMAIN, B., DROUET, .
homogeneous dose distribution within the breast. Tangential- with angles of 291° and 146°, each covering 215°. The calculations were performed V1.5Gy < 30%). The (V7Gy < 5%) heart doses for the tangential-IMRT plans for small, medium, and ;ﬁf:‘im':‘l’ozaﬁy“ggziﬁgé 'g'rei%fiaerglegigﬁgogglI‘;ﬁé‘:ﬁéﬂ;?ﬁf&iﬁiﬁrc
IMRT |:jnproves bolth dose homogeneity and spar:qn::g of using the Monte Carlo algorithm. The isocenter of the treatment machine was large breasts were 4.39%+ 2.71 Gy, 5.17+1.91 Gy, and 4.55+2.55 Gy, respectively. The VMAT plans inIiveratl)tility.consider.atic;n ofprllgnnilng te_chnigzes_anc;lwpr;gictggsgg?tient-speciﬁc
surrounding normal tissue, representing a major shift In by, . : - : 0 resufts via supervised machine learning. Physica Meaica, 96, 18-31.
i ti 3 2 " 199gO (AhJ o b positioned at the geometric centre of the PTV for left-sided breast treatments. had slightly lower heart doses, with V5% < 7 Gy values of 3.98+0.11 Gy, 4.46X0.14 Gy, and ZEVERINO, M., PICCOLO, C., WUETHRICH, D., JEANNERET-SOZZI, W., MARGUET,
radiation thera ractice since the S rouch et al. : . , : -+ i i ' inor i M., BOURHIS, J., BOCHUD, F. & MOECKLI, R. 2023. Clinical implementation of
PY P ’ Both the collimator and couch angles were set to 0, and the field configuration was 4.391+0.05 Gy for the small, medium, and large breasts, respectively. This shows a minor improvement inical imp I

deep learning-based automated left breast simultaneous integrated boost
radiotherapy treatment planning. Physics and Imaging in Radiation Oncology, 28,

2021). : !
defined automatically as shown in Figure 1b. After achieving the optimal dose ingne dosggelivgred to Loggicaps

Clinical investigations have shown that VMAT is a possible 17358 _ On the other hand, at higher dose levels, VMAT significantly exceeded the cardiac dose relative to t- 100492,
treatment for breast radiotherapy and reduces the dose to the distribution, the TP_S created hotspot volumes. .Sul'oflelds were createdsichieeles IMRT. To be precise, the (V1.5Gy < 30%) dose for the heart with t-IMRT was 0.94+0.08 Gy, 1.71+0.04 ZH“C'i%p“Q;;ﬁv*'eAg‘o‘;’,;rfgtﬁ; ;ﬁ'}fgﬁ;m’FE'TAQL‘;’V‘ﬁ,&'ﬂ];r;fffer?eL’gsvth;ﬁ'ci?i?{er
ipsilateral lung in left-sided treatments and to the heart in left- these hotspots and improve the dose homogeneity in the PTV. Gy, and 1.08+0.01 Gy for small, medium, and large breasts, respectively, whereas the V30% dose for breast-conserving surgery. Translational Oncology, 47, 102012.

: -l : ' , , . R sl ABO-MADYAN, Y., AZIZ, M. H., ALY, M. M. O. M., SCHNEIDER, F., SPERK, E.,
side targets. However, VMAT limits the allowance for tissue the heart with VMAT was 2.91%0.09 Gy, 3.35%0.15 Gy, and 3.31*+0.09 Gy for the corresponding size CLAUSEN. S.. GIORDANO. F. A.. HERSKIND, C.. STEIL, V.. WENZ, F. &
deformations (Rossi et al.,, 2018). Although t-IMRT has been groups. GLATTING, G. 2014. Second cancer risk after 3D-CRT, IMRT, and VMAT for brea

cancer. Radiotherapy and Oncology, 110, 471-476.

increasingly popular for the treatment of breast cancer. WU, W., ZHANG, Q., YIN, H., LIU, Z. & XIE, F. 2025. Impact of deep inspiraii

Among the advanced advantages are improved target coverage A/ Ipsilateral lung hold (DIBH) on dose distribution and radiobiological effects in left-sig
. ' . . " f . . . N i o ! irradiation: A comparative study of IMRT and VMAT techniques
and homogeneity, sparing surrounding OARs from high doses, \ W Both techniques met the institution's lung constraint (V8Gy < 15%) for all breast sizes. However, t-IMRT breathing conditions. Journal of Radiation Research angal
and lower doses to the heart and lungs (Noblet et al., 2022). : . demonstrated lower mean lung doses than VMAT for all cohorts. For small, medium, and large breast 101912.
Early breast cancer treatment are more challenging for Figure 1a: Beam arrangement for the t-IMRT ::'g:r_e 1b..BeIa;n arrgnglergent e thle \liM_AT sizes, the ipsilateral lung (V8Gy < 15%) values using t-IMRT were 3.38+4.24 Gy, 4.20%+=1.98 Gy, and
) : . ' ' ' N echnique Includes dual beams, clockwise . : :
tangential-IMRT technigues that may provide less dose ;encdhq'ggf ')naCLuddfvtotvlva(ier::dgzl;ne:E?Zé?1:nd 291° qcounterclockwise 146°  with an arc 5.2914.13 Gy, respectively, compared with 5.121+0.88 Gy, 6.07*x0.05 Gy, and 5.94+0.45 Gy using
conformity and homogeneity to both whole breasts and boost o Of215’ | VMAT. The greatest dose reduction with t-IMRT was observed in small and medium breasts, with a Advanced Nuclear Science and Technology
B - : 1547 ). : ller b fitin | b t Techniques Workshop (ANSTT 6), 18-22 May
PTVs than VMAT-based techniques (Zeverino et al., 2023). smaller benefit in large breasts. 2026, NRF-iThemba LABS, Old Faure Road, Cape

Town, South Africa
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