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Introduction

About 10% to 30% of adult cancer patients develop 
brain metastases (BM), which are the most common 
intracranial tumors in adults and a significant cause of 
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morbidity and mortality [1]. BM often indicate an advanced 
stage of disease and may pose a serious threat to the 
patient’s life if treatment is delayed [2]. Whole-brain 
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radiation therapy (WBRT) remains a key treatment option 
for most patients with BM, as it helps reduce the risk of 
death from neurological causes, improves intracranial 
disease control, and alleviates symptoms [3]. 

Preclinical and clinical studies suggest that radiation-
induced cognitive impairment may be worsened by even 
low doses of radiation absorbed by neural stem cells in 
the sub granular zone of the hippocampal (HC) dentate 
gyrus [4]. Retrospective clinical studies and preliminary 
findings from prospective trials indicate that the HC plays 
a role in the early changes in cognitive function following 
radiation therapy [5]. Cognitive decline after radiation 
was previously considered a late side effect, attributed 
to neuroglial loss and microvascular damage. However, 
growing evidence points to both acute and subacute 
cognitive changes following radiation therapy, likely 
mediated through the HC and other neurogenic regions [6]. 
Although WBRT is a standard treatment for patients with 
BM, it is often associated with significant neurocognitive 
decline, primarily due to radiation-induced damage to 
the HC. HC sparing WBRT has emerged as an effective 
approach to reduce radiation-induced neurotoxicity while 
maintaining adequate tumor control. With advancements 
in image-guided techniques and treatment modalities 
such as intensity-modulated radiation therapy (IMRT) 
and volumetric modulated arc therapy (VMAT), it is now 
possible to spare the HC region without compromising 
target coverage. 

This study addresses the absence of comprehensive 
dosimetric comparisons between helical Tomotherapy 
(HT) and VMAT platforms for HC avoidance (HCA) in 
WBRT. Although HT is known for its highly modulated 
intensity patterns due to binary Multileaf collimator 
(MLC) and fine slice-by-slice delivery, VMAT offers 
arc-based delivery with variable dose rates and gantry 
speeds. Despite these technical differences, there is a 
lack of studies evaluating which system provides superior 
Organ at sparing (OAR) sparing especially for the HC, 
eyes, and lenses while maintaining adequate target 
coverage.

To address these gaps, this study conducted a 
systematic dosimetric evaluation of HT and VMAT for 
HC sparing WBRT. Key parameters analyzed included 
volumes receiving 100%, 98%, and 95% of the prescribed 
dose (V100, V98, and V95) as well as maximum (Dmax) 
and mean (Dmean) doses to the PTV and PTV minus 
HC (PTV-HC), in addition to doses delivered to critical 
OARs. The findings aim to guide clinical decision making 
and optimize treatment planning, ultimately reducing 
neurocognitive side effects in patients undergoing WBRT. 
Aim of this study evaluates the dosimetric advantages of 
HC sparing in treatment planning using the Elekta Infinity 
with agility MLC, and HT with Radixact -X9 systems.

Materials and Methods

A total of 20 patients who underwent WBRT between 
January 2024 and May 2025 were included in this 
study. Computed Tomography (CT) simulation was 
performed using a Philips Big Bore 16-slice CT scanner 

(Philips Medical Systems, Cleveland, USA). Patients 
were positioned supine, with the head supported by 
an appropriate headrest and the arms placed alongside 
the body. CT images were acquired from the vertex to 
the fourth cervical vertebral (C4) level in a head-first, 
feet-down orientation, with a slice thickness of 3mm. The 
acquired images were transferred to the Varian Eclipse™ 
(Varian Medical Systems, Palo Alto, US) Treatment 
Planning System (TPS) for contouring. The target 
volume (whole brain) and OARs, including the HC and 
HCA regions (generated by applying a uniform 5-mm 
margin around the HC), were delineated. The eyes and 
lenses were also contoured with the aid of CT–Magnetic 
Resonance Imaging (MRI) image fusion, and all contours 
were reviewed and approved by an experienced radiation 
oncologist.

The CT images and corresponding structure sets were 
transferred to the Pinnacle® (Philips Medical Systems 
,Cleveland, USA) TPS for treatment planning. Upon 
import, auxiliary structures were generated to assist in 
the planning process. Treatment plans were created for an 
Elekta Infinity® (Stockholm, Sweden) linear accelerator 
(LINAC) equipped with an Agility MLC head, featuring 
80 pairs of MLCs with a leaf width of 5 mm at the 
isocenter. VMAT plan was generated with the prescription 
dose of 3000cGy in 10 fractions using a 6 MV photon 
beam with three full arc rotations. Dose calculations were 
performed using the Adaptive Convolution algorithm, with 
the number of iterations set to 40. Plans were re-optimized 
iteratively until the desired dose coverage of the target 
volume and adequate sparing of OARs were achieved.

For comparison, a treatment plan was generated using 
the HT with Radixact X9® (Accuray, Madison, USA) 
system, which is equipped with 64 binary MLCs with a 
resolution of 6.25 mm at the isocenter. The Tomo Helical 
delivery mode with a dynamic jaw and a 2.5 cm field width 
was used for planning. Dose calculations were performed 
in the Accuray Precision® (Accuray, Madison, USA) TPS 
using the collapsed cone convolution algorithm. The dose 
distribution of HC sparing VMAT and HT plans in the 
axial, coronal, and sagittal views is shown in Figure 1.

Results

Dosimetric evaluation of the PTV and PTV-HC was 
performed by analyzing the V100, V98, and V95, alongside 
the Dmax and Dmean. Treatment plan quality was further 
assessed using the conformity index (CI) and homogeneity 
index (HI) to evaluate the precision of dose conformity and 
uniformity within the target volumes as shown in Figure 
2. In parallel, doses delivered to critical OARs, including 
the HC, eyes, and lenses, were carefully examined to 
ensure minimize the risk of radiation-induced toxicity. 
Comparison of OARs dose parameters between HT and 
VMAT as illustrated in Figure 3. This comprehensive 
assessment enabled an integrated evaluation of both target 
coverage and normal tissue sparing, providing a robust 
measure of overall plan quality and safety.

The mean HC volume was 2.21 cm³ (range: 1.47–2.93 
cm³). The mean volume of the HCA region was 27.51 
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the VMAT and HT plans in terms of PTV coverage. 
V100 was identical for both techniques (85% vs. 85%). 
V98 was slightly lower in the VMAT plan compared to the 
HT plan (88.2% vs. 91.3%), and a similar trend was noted 
for the V95 (90.8% vs. 93.3%). No notable differences 
were observed between VMAT and HT plans in the 
Dmax (3308.3 cGy vs. 3305 cGy) and Dmean (2990 cGy 
vs. 2995.2 cGy). Likewise, CI and HI were comparable 
between the two techniques (CI: 0.85 vs. 0.85; HI: 1.3 vs. 

cm³ (range: 13.31–36.50 cm³). The average Whole Brain 
(WB) volume was1481.07 cm³ (range: 1093.70–1705.67 
cm³), while the mean volume of the WB excluding the 
HCA region was 1453.55 cm³ (range: 1057.20–1453.50 
cm³). Overall, the HC constituted approximately 0.3% 
(range: 0.2–0.5%) of the total brain volume, whereas the 
HCA region accounted for 1.9% (range: 0.8–3.3%) of 
the brain volume.

No significant dose differences were observed between 
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1.1) as shown in Table 1.
For planning purposes, the PTV-HC structure was 

generated by subtracting the HC from the PTV. This 
derived volume represents the portion of the brain 
requiring full prescription dose coverage while excluding 
the HCA region. Dose prescription and optimization 
constraints were applied specifically to the PTV-HC to 
ensure adequate target coverage and conformity, while 
maintaining dose limitations to the HC to minimize 
the risk of neurocognitive impairment. No significant 
dose differences were observed between the VMAT and 
HT plans in terms of PTV-HC coverage. The volume 
of PTV-HC of V100 was comparable between VMAT 
and HT (89.0% vs. 89.5%). V98 was slightly lower in 
VMAT compared to HT (92.7% vs. 96.5%), and a similar 
trend was observed for the V95 (95.0% vs. 98.6%). No 
notable differences were found in the Dmax (3308.6 cGy 
vs. 3304.7 cGy) and Dmean (3050 cGy vs. 3032.3 cGy) 
between the two plans. Likewise, the CI and HI were 
nearly identical for VMAT and HT (CI: 0.89 vs. 0.89; HI: 
1.10 vs. 1.07) as illustrated in Table 2.

The Dmax to the HC was lower in the VMAT plan 
compared to the HT plan. For the right HC, the Dmax 
was 1153.3 cGy with VMAT and 1281.9 cGy with HT, 
while for the left HC it was 1121.1 cGy and 1269.2 cGy, 

respectively. The Dmean to the right (1018.8 cGy vs. 
1101.8 cGy) and left (995.1 cGy vs. 1069.1 cGy) HC 
were nearly equivalent between the two techniques as 
indicated in Table 3.

The Dmax to the right eye was significantly lower in 
the VMAT plan compared to the HT plan (1420.0 cGy 
vs. 1839.1 cGy), as was the dose to the left eye (1392.1 
cGy vs. 1794.1 cGy). Similarly, the Dmean to the right 
eye (853.8 cGy vs. 1011.0 cGy) and left eye (825.9 cGy 
vs. 1008.1 cGy) was slightly lower with VMAT as shown 
by Table 4. The Dmax to the right lens (723.7 cGy vs. 
920.5 cGy) and left lens (715.9 cGy vs. 897.7 cGy) were 
also lower in the VMAT plan compared to the HT plan. 
However, no notable differences were observed in the 
Dmean for lenses, which were 612.9 cGy vs. 593.9 cGy 
for the right lens and 607.6 cGy vs. 659.4 cGy for the left 
lens as reflected in Tabel 5. Additionally, we compared 
the beam on time of HT and VMAT plan. The results of 
this study indicate that the treatment beam-on time was 
significantly longer for HT (508.1 seconds) compared to 
VMAT (182.6 seconds) as illustrated in Table 5.

Statistical analyses were performed using a paired 
t-test in SPSS Statistics (version 31.0) to compare Dose 
Volume histogram (DVH) metrics and OAR doses 
between VMAT and HT plans. A p-value of < 0.05 was 
considered statistically significant.

Discussion

The HC, a critical component of the limbic system, 
plays a pivotal role in learning, memory, emotion, motor 
control, endocrine regulation, and short-term memory 
storage. It is located in the medial temporal lobe of the 
brain, with one HC present on each hemisphere [7, 8]. 
The medial portion of the temporal lobe contains the 
characteristic S-shaped structure of the HC. Neurogenesis 
has been shown to occur within the HC [9], which is 
fundamental for cognition, memory formation, and spatial 
navigation [10]. According to Le Fèvre et al. [11], an 
increase of 100cGy in the equivalent dose of 200cGy 
(EQD2) delivered to the left HC may elevate the risk 
of neurocognitive deterioration, particularly in verbal 
memory recall, by up to fourfold.

Anatomically, the HC consists of two U-shaped 
interconnecting laminae: the dentate gyrus and the 
cornu ammonis. It forms an integral part of the limbic 
circuit, encompassing gray matter structures such as 
the parahippocampal gyrus and amygdala, and white 
matter tracts including the fimbriae and fornices, which 
constitute the primary efferent pathways of the HC. The 
pyramidal and granule cells located within the dentate 
gyrus are strongly associated with memory processing 
and consolidation [12]. Preclinical evidence indicates 
that the neural stem cell compartment of the dentate 
gyrus is essential for HC neurogenesis [13, 14]. Damage 
to this region following cranial irradiation significantly 
accelerates neurocognitive decline, particularly in 
domains associated with memory function [15, 16].

According to previous research, HC tissue is highly 
radiosensitive, and even low radiation doses can result 

Figure 1. Dose distribution of HC-sparing for the VMAT 
plan in (A1) axial, (A2) coronal, and (A3) sagittal views, 
and for the HT plan in (B1) axial, (B2) coronal, and (B3) 
sagittal views

Figure 2. Treatment planning parameters comparing HT 
and VMAT for the target volume: (a) PTV and PTV-HC 
coverage, (b) Dmax and Dmean for PTV and PTV-HC, 
and (c) CI and HI for PTV and PTV-HC
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in damage to the HC region, leading to progressive and 
irreversible memory loss and dementia. Such effects can 
significantly diminish patients’ quality of life (QOL) 
[17, 18]. Therefore, the radiation therapy team must 
pay particular attention to accurately contouring the 
HC, selecting optimal planning parameters and dose 
constraints, and determining appropriate dose metrics, 
setup, and delivery techniques to achieve effective HC 

sparing. Given its central location within the brain, precise 
delineation of the HC is essential to minimize the risk of 
intracranial disease progression while maintaining the 
potential neurocognitive benefits of HC preservation. 
generating an optimized WB irradiation plan that 
adequately spares the HC remains challenging due to 
its complex anatomical shape and midline location. 
Nevertheless, HCA can be effectively achieved using 
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advanced IMRT techniques, such as HT and VMAT, while 
maintaining sufficient target volume coverage and dose 
homogeneity [12]. 

In a Phase II clinical trial conducted in collaboration 
with the European Organization for Research and 
Treatment of Cancer (EORTC) and the Radiation Therapy 
Oncology Group (RTOG), researchers evaluated the 
feasibility of reducing the radiation dose to the HC 
region during WBRT. The primary HC dose constraint in 
this study was a Dmax of ≤1600 cGy, with permissible 
variations up to Dmax ≤1700 cGy, for a prescription dose 
of 3000 cGy delivered in 10 fractions [19]. Subsequently, 
a Phase III clinical trial by Dr. Paul D. Brown and 
colleagues [3] validated the benefits of employing IMRT 
to spare the HC neurogenic stem-cell niche during WBRT. 
Compared with standard WBRT, HCA-WBRT combined 
with memantine significantly preserved cognitive 
function and reduced patient-reported symptoms, 
without increasing toxicity or compromising intracranial 
progression-free survival or overall survival. Based on 
these findings, HCA-WBRT with concurrent memantine 
is recommended as the standard treatment approach for 
patients with BM who have a satisfactory performance 
status and are scheduled to undergo WBRT.

According to Kim et al. [20], HCA-WBRT with 
simultaneous integrated boost (SIB) for patients with 
1–3 BMs, HyperArc produces better dosimetric plans 
compared with RapidArc. In their retrospective analysis of 
19 patients, treatment plans prescribed 2500 cGy to the 
brain PTV and 4500 cGy to the metastatic PTV delivered 

in ten fractions. HyperArc demonstrated improved target 
conformity and coverage, along with enhanced HC 
sparing. Notably, the Dmax to the HC was significantly 
lower with HyperArc than with RapidArc (1553 cGy 
vs.1671 cGy). Furthermore, HyperArc provided better 
protection of the HC and other OARs across both 
delivery modes. Their findings suggest that HyperArc is 
a promising alternative for HCA-WBRT with SIB, as it 
achieves superior plan quality, improves target metrics, 
and reduces HC dose, thereby potentially preserving 
neurocognitive function while effectively treating BMs. 
Corrao et al. [21] evaluated plan quality for HCA-WBRT 
with SIB in patients with BMs using different techniques: 
HyperArc, VMAT, and HT. Their findings showed that 

Table 3. Comparison of OAR doses between VMAT and HT Plans for Left and Right HC
S.NO LEFT HC RIGHT HC

Dmax (cGy) Dmean (cGy) Dmax (cGy) Dmean (cGy)

VMAT HT VMAT HT VMAT HT VMAT HT

1 1140 1213 1083 998 1185 1245 1129 995

2 1090 1260 1003 1034 1170 1330 1006 1064

3 1040 1285 956.3 1109 1055 1262 945.1 1118

4 1140 1273 1066.5 1105 1150 1268 1095.4 1170

5 1080 1213 915.2 1065 1070 1332 992.5 1168

6 1085 1180 1036.8 990 1107 1227 1024.1 1005

7 1220 1301 980.3 1050 1242 1286 980.6 1051

8 1221 1235 982.2 1058 1197.6 1270 987.4 1043

9 1069 1310 961.5 1157 1114.1 1281 1021.9 1168

10 1190 1289 1007 1187 1190 1315 1025.8 1174

11 1080 1267 1002 1121 1172 1321 1123 1086

12 1165 1308 1011 1134 1182 1236 1014 1088

13 1122 1245 968 1087 1065 1286 958.6 1139

14 1153 1282 972 997 1127 1342 989.4 1087

15 1075 1248 937 1045 1088 1316 1026.8 1136

16 1065 1302 1027.1 1121 1210.3 1216 1013.8 1015

17 1232 1287 994.7 1032 1138.1 1208 1014.6 1065

18 1122 1294 988.3 995 1260.1 1347 978.9 1140

19 1101 1272 1012.7 990 1128.4 1290 1013.8 1157

20 1032 1321 998.3 1106 1215.3 1260 1035.6 1166

Mean± SD 1121.1±60.3 1269.2±37.2 995.1±40.1 1069.1±59.7 1153.3±59.0 1281.9±42.3 1018.8±48.2 1101.8±59.7

P Values P<0.01 P<0.01 P<0.01 P<0.01

Figure 3. Comparison of OAR Dose Parameters between 
HT and VMAT
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VMAT achieved the lowest doses to several OARs, HT 
provided the greatest HC sparing and superior boost 
coverage, while HyperArc yielded the best WB coverage.

Liu R. et al. [22] reviewed the clinical application 
of HCA-WBRT for BMs, highlighting key clinical 
challenges, technological advances in HC contouring 
and treatment delivery, and potential future strategies to 
mitigate radiation-induced cognitive decline. By sparing 
HC neural stem cells, HCA-WBRT has been shown to 
better preserve neurocognitive function compared with 
conventional WBRT. Nevertheless, ongoing debate 
persists due to inconsistent results across clinical trials 
and variability in recommended HC dose constraints, with 
reported limits ranging from Dmax < 900–1400 cGy and 
Dmean < 600–800 cGy.

One of the earliest studies to demonstrate the feasibility 
of LINAC based static IMRT for HCA-WBRT was 
conducted by Gondi et al. [12]. Treatment planning was 
performed using the Pinnacle³ TPS, with optimization 
involving nine static non-coplanar beams and six defined 
planning structures, including the PTV, HC, eyes, and 
lenses. The study achieved satisfactory target coverage 
and dose homogeneity while effectively sparing the 
HC, with a reported HC Dmean of 730 cGy. according 
to Yokoyama et al. [23], HT provided better sparing of 
the HC, eyes, and lenses compared to Halcyon-based 
HCA-WBRT plans. however, it demonstrated slightly 
better target coverage and substantially longer treatment 
delivery times. In contrast, a study by Jiang et al. [24] 

reported no significant differences in the mean HC dose 
among HT, IMRT, and VMAT plans. Andreas et al. [25] 
further enhanced the efficiency of HCA-WBRT delivery 
in the RTOG-0933 trial by treating 14 patients using only 
seven coplanar beams. Eleven of the treatment plans met 
all protocol-specified dose constraints, while three were 
within the acceptable variation limits for the HC. However, 
the authors noted several unfavourable dosimetric patterns 
associated with this beam arrangement, including hotspots 
anterior to the HC and elevated mean PTV doses.

In a study by Deepsikha G. et al. [26], HCA-WBRT 
using LINAC-based VMAT was shown to be a feasible 
treatment approach for patients with BMs treated at a 
regional cancer center in Eastern India. The technique 
was associated with preservation or improvement of 
neurocognitive function and quality of life (QOL). 
The study included 27 patients who received 3000 cGy in 
10 fractions using VMAT on an Elekta Synergy LINAC 
with Monaco treatment planning. Bilateral HC were 
contoured according to the RTOG 0933 atlas, with a 5-mm 
HCA margin applied. Planning objectives ensured PTV 
V3000cGy ≥ 90% and D2% ≤ 4000 cGy. Neurocognitive 
function was assessed using the Hopkins Verbal Learning 
Test–Revised Delayed Recall (HVLT-R DR), and QOL 
was evaluated using the Functional Assessment of Cancer 
Therapy–Brain (FACT-Br) questionnaire at baseline and 
during follow-up periods ranging from 2 to 12 months. 
HCA-WBRT preserved memory recall, consistent with 
the findings of RTOG 0933, which reported a mean 

Table 4. Comparison of OAR Doses between VMAT and HT Plans for Left and Right Eye

S.NO LEFT EYE RIGHT EYE

Dmax (cGy) Dmean (cGy) Dmax (cGy) Dmean (cGy)

VMAT HT VMAT HT VMAT HT VMAT HT

1 1580 1847 880.4 921 1430 1944 980.4 1091

2 1400 1755 784.4 998 1380 1915 806.1 1064

3 1520 1966 763.5 1021 1540 1820 779.3 995

4 1420 1855 894 1020 1480 1861 873.9 1053

5 1460 1678 1004.8 1108 1520 1787 880.3 1142

6 1306 1860 761.2 989 1406 1784 786.8 987

7 1234.9 1954 775.2 987 1354.8 1707 748.9 993

8 1345.6 1623 780.6 1020 1280.1 1845 703.6 1043

9 1332.8 1819 994.2 987 1256.2 1926 994 929

10 1366 1609 755 1030 1351 1846 748 912

11 1486 1717 788.3 921 1530 1874 883.7 1023

12 1423 1885 923.4 998 1488 1725 876.3 1012

13 1528 1761 883.9 1021 1345 1837 889.4 1026

14 1220 1832 902 1020 1390 1912 837.8 983

15 1480 1728 723.4 1108 1540 1887 780.5 889

16 1428 1960 812 989 1428 1823 886.1 998

17 1334.8 1781 770.8 987 1456 1723 848.8 1010

18 1289.7 1623 783 1020 1420.1 1880 904.8 1021

19 1420.6 1799 761.8 987 1354.7 1748 990.1 1036

20 1266 1829 776 1030 1458 1938 878.1 1012

Mean± SD 1392.1±100.8 1794.1±108.7 825.9±82.6 1008.1±45.7 1420.4±82.7 1839.1±73.9 853.8±81.1 1011±57.9

P Values P<0.01 P<0.01 P<0.01 P<0.01
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decline of 7% compared with the historical decline of 
approximately 30%. These results support the concept of 
protecting neural stem cell function through HC sparing. 
Mean scores on the FACT-Br questionnaire showed a 
statistically significant improvement, particularly in the 
spiritual well-being (SWB) subscale, with an 8–12% 
increase observed at 2–6 months of follow-up. No 
grade ≥3 toxicities were reported, and preservation of 
neurocognitive function was associated with maintenance 
of QOL. Overall, HCA-WBRT delivered with VMAT 
appears to be a safe, dosimetrically feasible, and effective 
approach for neurocognitive preservation, with minimal 
risk of HC involvement.

In a study by Li Z. et al. [27], HCA-WBRT with SIB 
was shown to be a safe and effective treatment for lung 
cancer patients with BMs, particularly when metastatic 
lesions were located more than 1 cm from the HC. This 
prospective phase II study included 40 Chinese patients 

treated with VMAT or HT, delivering 3000–3600 cGy 
in 18–20 fractions to the WB clinical target volume and 
4400–5200 cGy to the gross tumor volume. The Dmean 
and Dmax HC doses achieved were 892 cGy and 1224 
cGy, respectively. At six months, the Chinese version of 
the Hopkins Verbal Learning Test–Revised (HVLT-R) 
immediate recall score showed a modest decline of 9.8%, 
supporting its applicability for neurocognitive assessment 
in Chinese patients. No grade ≥3 toxicities were observed; 
the most common adverse effects were grade 1–2 dizziness 
(25%) and nausea (27.5%).

Monje and colleagues [28] demonstrated that 
inflammation in the vicinity of neural stem cells within 
the brain plays a significant role in radiation-induced 
effects. Moreover, non-radiation stimuli, such as bacterial 
lipopolysaccharides, were found to produce comparable 
inflammatory responses. With the advent of modern 
IMRT techniques, including HT and LINAC-based IMRT, 
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it is now possible to conformally spare these neural 
progenitor cells during cranial irradiation, as they are 
anatomically clustered within the dentate gyrus of the HC 
[13]. By reducing the radiation dose delivered to the HC, 
it may be feasible to limit radiation-induced inflammation 
and mitigate alterations in the microenvironment of these 
anatomically localized neural stem cells.

This study showed that both HT and VMAT achieved 
satisfactory target coverage and effective HC sparing in 
WBRT. However, the VMAT plans generated on the Elekta 
Infinity® (Stockholm, Sweden) LINAC with the Agility 
head delivered lower maximum doses to the HC and eyes 
and lesser beam on time compared to the HT plans created 
on the Radixact system. A summary of target coverage, CI, 
and HI for PTV and PTV-HC comparing HT and VMAT 
is presented in Table 6. Similarly, Table 7 summarizes the 
OAR doses and treatment time for HT and VMAT.

These differences can be explained by various 
technical and dosimetric factors.

In VMAT, three 360° coplanar arcs were utilized, 
during which the beam continuously rotates while 
dynamically modulating the dose rate, gantry speed, and 
MLC leaf positions. The Elekta Infinity’s Agility head, 
featuring 160 leaves with a 5 mm width at isocenter, 
provides a high leaf speed of up to 6.5 cm/s, enabling faster 
beam-on times and low interleaf transmission (<0.5%) 
[29]. These characteristics allow precise modulation 
around small and concave avoidance structures such 
as the HC and eyes. The combination of continuous 
gantry rotation and variable dose rate enhances intensity 
optimization, producing steeper dose gradients around 
OARs. HT, on the other hand, employs a helical fan-beam 
delivery technique in which the couch moves continuously 
as the gantry rotates. This continuous movement, along 
with other planning parameters such as pitch, modulation 
factor, and beam width, contributes to longer treatment 
times in HT. The system utilizes a binary MLC with 64 
leaves that are either fully open or fully closed, limiting 
its modulation complexity compared to the analog MLCs 
used in VMAT systems. Although HT provides excellent 
longitudinal dose uniformity, its lateral modulation 
resolution is relatively coarse [30], making it slightly less 
effective in sparing small lateral OARs.

In HT, the use of a fixed fan-beam width can lead 
to low-dose spillover into anterior and lateral regions. 
In contrast, VMAT utilizes dynamically shaped fields 
that can be constrained to minimize unnecessary entrance 
doses through anterior structures. Furthermore, the backup 
jaw in VMAT helps reduce leakage and scatter to OARs 
located superior and inferior to the PTV, benefiting 
sensitive structures such as the HC and eyes situated 
near the brain midline and anterior skull base. VMAT 
also allows optimization of collimator angles to distribute 
MLC leaf leakage and limit direct irradiation to nearby 
OARs. In this study, collimator angles of 20° and 340° 
were selected. Conversely, HT operates with a fixed 
collimator angle of 0°, restricting the planner’s ability to 
control the direction of leakage and scatter distribution, 
which may result in slightly higher low-dose exposure to 
adjacent OARs.
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The HC shows substantial inter-patient variability in 
size, shape, and position, which can complicate accurate 
delineation. Anatomical differences, postoperative 
changes, edema, or tumor-related distortion increase 
uncertainty in HC contouring and dose delivery. Although 
anatomical changes during WBRT are usually limited, 
they may still affect the consistency of HC sparing. 
HCA-WBRT requires steep dose gradients around the 
HC, making plans sensitive to setup errors and contouring 
inaccuracies. Even small translational or rotational 
errors can increase HC dose or compromise target 
coverage. Variations in optimization methods and dose-
calculation algorithms across planning systems may also 
influence plan robustness. Despite rigid immobilization, 
intra-fraction motion cannot be completely avoided. 
Longer treatment times with highly modulated techniques 
increase the risk of patient movement, which can blur 
dose gradients and reduce the effectiveness of HC sparing.

This dosimetric study demonstrates that both HT and 
VMAT achieve satisfactory HC sparing in WBRT while 
maintaining adequate target coverage and plan quality. 
Although PTV coverage, CI, and HI are comparable, 
VMAT offer shorter beam on time and better protection of 
critical organs particularly the eyes and HC by delivering 
lower maximum doses. VMAT may offer a more efficient 
and clinically advantageous approach for HCA-WBRT. 
These findings suggest that VMAT may be preferred for 
HCA-WBRT due to better OAR sparing and efficiency. 
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