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Introduction

Glioblastomas (GBM) account for about half of all malignant tumors of the
central nervous system (CNS) [10]. These are rapidly-growing infiltrative tumors
that usually reach large sizes by the time of diagnosis. The standard
multidisciplinary treatment of GBM includes maximal safe resection followed by
adjuvant radiotherapy (RT) with concurrent and maintenance temozolomide [12].

During the last decades different RT schedules and dose escalation regimes
were used [4, 5, 8, 13]. According to this data, the established standard target dose
for GBM is 60 Gy, delivered over 6 weeks with 2 Gy per fraction [3].
Radiotherapy volume has also changed during the last decades. Up to the early
1960s the RT volume was the whole brain up to 45-60 Gy [6, 15]. More than 50%
of these patients had grade 3—-4 neurotoxicity and post-radiation changes mainly in
white matter of the brain. In the 1970s, this approach began to be gradually
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modified and a two-phase treatment was proposed. At the 1st phase, the whole
brain was irradiated to 30-46 Gy, and at the 2nd phase the dose was increased by
20-30 Gy as a boost [1, 7].

After implementation of magnetic-resonance imaging (MRI) into clinical
practice and also based on pathological reports this volume was reduced. These
studies have shown that GBM recurrence occurs within 1 to 2 cm of a gadolinium-
enhancing area on T1-weighted MRI images in approximately 77% of cases. In
18% of cases it is located in the ipsilateral hemisphere at a distance of 4 cm and in
4% of cases — in the contralateral hemisphere [11, 14].

Now the RT volume is defined according to pre- and postsurgical MRI
images. GTV is defined as surgical resection cavity plus any residual enhancing
tumor (postcontrast T1 weighted MRI scans). CTV is created by adding 1.5-2.0cm
to GTV [9].

Currently, considering that approximately 80% of all recurrences in GBM
occur in the tumor bed, published studies suggest adding 1 cm to the GTV to define
the CTV [2].

Despite the trend towards reducing the radiation volume, it remains
relatively extensive. Because of this the target can be near to critical normal
structures of the brain (lens, retina, optic nerves, optic chiasma, brainstem,
cochlea).

Purpose

The objective of this study is to evaluate and compare the dose distributions
in target volumes and organs at risk (OARS) between three-dimensional conformal
radiotherapy (3DCRT) and intensity-modulated radiotherapy (IMRT), with the aim
of identifying clinically significant differences.

Materials and Methods
Patients selection

38 patients with diagnosed GBM who received EBRT in our department
were included in this study. Tumor was localized in temporal lobe — 17 patients,
frontal lobe — 6 patients, parietal lobe — 4 patients, occipital lobe — 1 patient,
cerebellum — 2 patients, deep structures — 5 patients and 3 patients had tumors
involving two or more lobes of hemisphere.

Radiotherapy Planning

All patients were immobilized in the supine treatment position with
thermoplastic masks. CT scan was performed with 2mm thickness from the vertex
to the bottom of the third cervical vertebra (C3). MRI using pre- and post-contrast
T1-weighted and T2/FLAIR -weighted images were fused for all patients. The
gross tumor volume (GTV) and clinical tumor volume (CTV) were contoured
according to International Commission on Radiation Units and Measurements
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(ICRU) reports 50, 62, 83 and ESTRO-ACROP guideline “target delineation of
glioblastomas.” [14]. GTV was defined as surgical resection cavity plus any
residual enhancing tumour (postcontrast T1 weighted MRI scans). CTV was
created by adding 1.5-2.0cm to GTV. 3-5 mm was added to CTV for creating
planning target volume (PTV). There were no differences between 3D-CRT and
IMRT for the margin applied. These patients were planned using Varian Eclipse
Planning System version 15.1. Normal brain (Brain-PTV), lenses, retinas, optic
nerves, optic chiasm, cochleae, brainstem and hippocampi were defined as organs
at risk (OARs) and delineated.

The dose limits that defined an acceptable plan included a maximum point
dose (Dmax) of 54.0Gy for optic nerves and the chiasm, 45.0Gy for retina, 55.0Gy
for brainstem (or D1cc less than 59.0Gy), 45.0Gy for cochlea. In cases where it
was possible, we tried to preserve also the hippocampi and lenses as well, but did
not “prioritize” these structures over PTV coverage. Acceptable target coverage
was defined by a D95 (dose received by 95% of the PTV) of at least 95% of the
prescription. Planning was done using dynamic IMRT or 3D-CRT by a linear
accelerator, generating 6 MV photons.

All patients received 60 Gy/2 Gy per fraction (30 fractions).

Results and Discussion

We performed a comparative statistical analysis between the 3DCRT and
IMRT groups across all evaluated parameters.

The dose distribution and dose-volume histograms (DVH) of the PTV and
relevant critical structures were evaluated and compared between the 3D conformal
radiation therapy (3DCRT) and IMRT plans. The median PTV volume was 389.1
cc (range: 121.1 — 616.3 cc). The median treatment volume (TV) was 592.60 cc
(range: 221.7 — 1015.7 cc) for 3DCRT plans and 396.7 cc (range: 133.1 — 752.4 cc)
for IMRT plans (p<0.05). The treated volume (TV) isodose 95% in 3DCRT plans
was 98.55% (range: 96.0 — 104.2%) compared to 96.3% (range: 92.7 — 97.8%) in
IMRT plans (p<0.05). The dose received by 98% of the tissue volume (D98%) was
97.75% (range: 89.1-100%) for 3DCRT plans versus 94.70% (range: 90.4 -
99.6%) for IMRT plans (p<0.05). The homogeneity index (HI) in 3DCRT plans
was 0.08 (range: 0.053-0.161) and 0.06 (range: 0.032 — 0.091) in IMRT plans
(p<0.05). The conformity index (CI) was 1.59 (range: 0.998-1.83) for 3DCRT
plans and 1.04 (range: 0.968-1.517) for IMRT plans (p<0.05). The comparison was
done also for OAR’s (Table).

The median maximum dose (Dmax) for the brainstem was 59.38 Gy (range:
8.359 — 60.85 Gy) in 3DCRT plans and 56.81 Gy (range: 4.365-58.969 Gy) in
IMRT plans. The D1cc for the brainstem in 3DCRT plans was 58.49 Gy (range:
5.375-60.486 Gy) compared to 51.28 Gy (range: 3.452 — 57.109 Gy) in IMRT
plans (p<0.05). The median Dmax for the right retina in 3DCRT plans was 13.6 Gy
(range: 0.752 — 59.192 Gy) and 17.44 Gy (range: 0.956-52.441 Gy) in IMRT
plans.
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Table 1
Summary of comparison of 3DCRT and IMRT plans
3D-CRT IMRT
M(;dla (m?r?—nnglgx) Mean M(;dia Triri]?r?? Mean P-value
max)

Prescribed 60 60 60 60 60 60 N/A
dose
PTV
Volume (cc) 389.1 162116.13_ 384.26 389.1 162116.13_ 384.26 N/A
TV 592.60 %157 7 599.91 396.7 173532'.14' 403.88 p<0.05
g;{) Ais"dose 9855 | 96.0-1042 | 983 96.3 9927'?8' 96.15 p<0.05
D98 (%) 97.75 | 89.1-100 97.12 94.70 9909".16_ 94.64 p<0.05
D2 (%) 104.8 110027'.92' 104.93 100.05 23; 8‘ 100.19 p<0.05
mgg;oge”eity 0.08 0(5915631_ 0.08 0.06 06?03921_ 0.06 p<0.05
%‘(’gmmity 159 | 0998-1.83 | 158 1.04 01'?56187' 1.05 p<0.05
OAR’s
g;ig‘r;zz;g) 2999 | 19.24-411 | 3027 21.24 1316.3612_ 21.78 p<0.05
Brainstem 59.38 86?).5895_ 56.54 56.81 g;ggé 52.43 | Not Significant
Dilcc brainstem | 58.49 Z'(izgé 53.75 51.28 374%9 45.88 p<0.05
Right lens 7.98 o 8.69 653 | 9220 | 757 | Notsignificant
Left lens 7.84 P 7.77 611 | I290° | 667 | NotsSignificant
Right retina 136 o 211 17.44 | 29%0 1 2051 | NotSignificant
Left retina 12.05 é;ggg— 21.38 16.78 g'zgééé 18.96 | Not Significant
5;?\5‘; optic 34.79 éfigl 3421 | 2079 éfggé 26.05 p<0.05
Left optic nerve | 35.90 éfif’m 34.28 19.21 éjgé 24.0 p<0.05
Optic chiasma 58.82 gf 3‘3‘6 51.56 53.46 539'.1‘?7'9 44.38 p<0.05
Right cochlea | 2249 | foos 2692 | 1325 | 0907 | 1758 | Not Significant
Left cochlea 18.1 gég;a 23.39 10.86 g:g‘z‘é 16.84 | Not Significant
Eii[?;];campus 59.00 1g1'?35996' 53.89 57.48 6‘1‘2&3— 4 47.06 | Not Significant
tﬁ)fgocampus 59.55 25829_ 53.60 59.52 46?)?841_ 55.91 | Not Significant

The median Dmax for the left retina was 12.05 Gy (range: 1.188 — 58.309
Gy) for 3DCRT plans and 16.78 Gy (range: 0.821 — 42.326 Gy) for IMRT plans.
The dose to the right optic nerve in 3DCRT plans was 34.79 Gy (range: 1.576 —
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61.191 Gy) and 20.79 Gy (range: 1.206 — 51.403 Gy) in IMRT plans (p<0.05Gy).
The dose to the left optic nerve in 3DCRT plans was 35.90 Gy (range: 1.615 —
61.143 Gy) compared to 19.21 Gy (range: 1.152 — 54.003 Gy) in IMRT plans
(p<0.05Gy). The Dmax for the optic chiasm in 3DCRT plans was 58.82 Gy (range:
4,734 - 61.730 Gy) and 53.46 Gy (range: 3.19 — 59.479 Gy) in IMRT plans
(p<0.05Gy). Normal brain median mean dose (Brain-PTV) was 29.99 Gy (range:
19.24 — 41.1 Gy) in 3D plans and 21.24 Gy (range: 11.31 — 30.62 Gy) in IMRT
plans (p<0.05Gy) (Table).The present study compared the dosimetric parameters of
3DCRT and IMRT in glioblastoma radiotherapy planning, focusing on PTV
coverage, conformity, homogeneity, and sparing of organs at risk (OARs). Our
results demonstrate that while both techniques provided adequate target coverage,
IMRT offered superior conformity and better sparing of critical structures, whereas
3DCRT provided slightly higher homogeneity and marginally higher dose
coverage.

The treated volume and D98% were significantly larger in 3DCRT plans,
indicating more generous coverage of the PTV and surrounding tissues. However,
this came at the expense of a higher irradiated volume of normal brain tissue,
reflected by a significantly higher median mean dose to the brain outside the PTV
(29.99 Gy in 3DCRT vs. 21.24 Gy in IMRT). This finding is consistent with
previous reports that IMRT achieves more conformal dose distributions, reducing
unnecessary radiation to healthy tissue.

The conformity index was markedly improved in IMRT compared with
3DCRT (1.04 vs. 1.59, p<0.05), highlighting IMRT’s ability to restrict high-dose
regions to the target volume. Conversely, 3DCRT demonstrated a slightly better
homogeneity index, suggesting a more uniform dose distribution within the PTV.
This aligns with earlier literature indicating that inverse-planned IMRT, while
more conformal, can sometimes produce minor hot spots within the target volume.

Evaluation of OARs further supports the advantages of IMRT. Critical visual
pathway structures, including the optic nerves and chiasm, received significantly
lower doses with IMRT compared to 3DCRT. The brainstem Dlcc was also
reduced in IMRT plans, underscoring the improved organ sparing achieved by
intensity modulation. Interestingly, the maximum doses to the retina were slightly
higher in IMRT compared to 3DCRT, although these values remained well within
tolerance limits in most cases. These results confirm that IMRT can reduce the risk
of late toxicity, particularly visual and neurocognitive complications, which are
major concerns in glioblastoma patients requiring high-dose focal irradiation.

Taken together, our findings suggest that the trade-off between conformity
and homogeneity must be carefully considered. While 3DCRT may deliver slightly
more uniform PTV coverage, the improved OAR protection and lower dose to
normal brain tissue provided by IMRT are clinically more meaningful in the
context of glioblastoma, where patient prognosis is limited and quality of life
preservation is paramount.
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Conclusion

This dosimetric comparison between 3DCRT and IMRT in glioblastoma
radiotherapy planning demonstrates that IMRT provides superior conformity and
significantly better sparing of critical structures, particularly the optic apparatus,
brainstem, and normal brain tissue. Although 3DCRT achieves slightly higher
homogeneity and marginally greater dose coverage, these advantages are
outweighed by the broader high-dose exposure to surrounding healthy tissue.

Given the balance between target coverage and organ protection, IMRT
appears to be more favorable technique for glioblastoma radiotherapy, offering a
potential reduction in treatment-related toxicity without compromising PTV
coverage. Future studies correlating these dosimetric findings with clinical
outcomes are warranted to further establish the therapeutic benefits of IMRT over
3DCRT in this patient population.
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I'mro6macToMBl COCTABIIIOT MPUOTH3UTEIHFHO IMOJOBUHY BCEX 3JI0KAYECTBEH-
HBIX HOBOOOpa3oBanuit [IHC u 14,2% Bcex omyxoneit LIHC (31m0kayecTBEHHBIX U 100-
POKa4YeCTBEHHBIX). JTO OBICTpOpAcTyIIue HH(HUIBTPATHBHBIC OITYXOJH, KOTOpPBIE
0OBIYHO UMEIOT OONBIINE pa3Mephl HA MOMEHT IIOCTAaHOBKH JTHarxHo3a. B Hacrosiee
BpeMsI CTaHIAPTHBIM METOJIOM JICUCHHUS TIIHOOJIACTOM SIBIISETCS MAaKCHMAalbHAS pe3eK-
IS U ITOCIIEOTEPAlIOHHAS XUMHUOIYUeBasl Tepanusl. 3a MOCIeAHNE NECATUICTHS ObLTH
uccnenoBaHbl 3PQEeKTs pa3THYHBIX 103 OONyYeHHs Ha KOHTPOJb OITYXONH, U OBLIA
KCIOJIb30BAHbI Pa3IMUHbIE TEXHOJIOTUH.

Lenbto AaHHOTO MCCIEIOBAHMS SIBISAETCS OINpENeSIeHUuEe paclperesieHus 03kl
00JTydeHHsI MEXKTy MHUIICHBIO W IPHJICTAIOIIAMH 3A0POBBIMH TKAHSIME MPU HUCIIONB30-
BaHUM PAa3IMYHBIX TEXHOJNOTHH: TpeXMepHOW KOH(POPMHOH Iy4eBOW Tepamuu
(3DCRT) u ny4eBoit Tepanuu ¢ MOAYJIMPOBaHHONW HHTEeHCUBHOCTHIO (IMRT).

B uccnenoBanue ObUIM BKIFOUEHBI 38 MAIMEHTOB, MPOXOIUBIINX JTYYEBYIO Te-
pamnuio 1o noBoJy OmmyxoJiel ocHoBaHUs yepena B nepuof ¢ 2019 o 2022 rr.

PesynpraTe! nokazanm, uro IMRT nemoHCTpHpyeT IBHOE MPEMMYIIECTBO NEPE
3DCRT c TOYKM 3peHus pacnpeaeseHust JO3bl U 3alUThI 310POBBIX TKaHEH.
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st moarBepxkaeHUS TepaneBTryeckoil nons3bl IMRT B 3T0# rpynne nmanues-
TOB HEOOXOAWMBI JajbHEHINE UCCICIOBAHS, CPABHUBAIOIINE dTH JO3UMETPHICCKHE
JTAHHBIE C KIMHUYECKUMH PE3yJIbTaTAMM.
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