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Aims: To compare Three-Dimensional Conformal Radiation Therapy (3DCRT) 
and Volumetric-Modulated Arc Therapy (VMAT) in Craniospinal Irradiation 
(CSI) with Posterior Fossa (PF) boost in children with Medulloblastoma (MB); 
dosimetry evaluation and comparison of both techniques with regard to target 
coverage and doses to organs at risk.

Patients and Methods: Ten previously irradiated patients of MB treated with 
VMAT were retrieved and re-planned with 3D-CRT technique. Dosimetric 
comparison was done of the two plans. Prescription dose and normal tissue 
constraints were identical for both plans.

Statistical Analysis Used: SPSS, version 25.0, statistical software package was 
used. For quantitative data, Anova and Post Hoc tests were applied to calculate 
the difference between the two means.

Results:  The dose homogeneity was better in VMAT (0, 07) as compared to 
3D-CRT (0, 12), with a statistically significant difference (P=0.043). Conformity 
index was also better with VMAT technique (1, 08) than 3D-CRT (1, 34) with 
P=0.000. VMAT plan provided reduced mean dose and V20 to almost all 
organs at risk evaluated with a statistically significant difference.

Conclusions: VMAT technique was able to improve homogeneity and 
conformity index, spare high dose to normal tissues.
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Medulloblastoma (MB), which can spread through the 
cerebrospinal fluid, is a malignant primitive neuroectodermal 
tumour that originates from the Posterior Cranial Fossa (PCF). 
A total of 80% of medulloblastoma patients are diagnosed 
when they are younger than 15 years of age (median age, 5 
years) [1]. The incidence of Adult Medulloblastoma (AMB) is 
approximately 0.5/100000 [2, 3], accounting for 0.4%-1% of 
adult nervous system tumours [4]. Surgery is the first treatment 
choice for non-metastatic MB, and all patients should be treated 
with Craniospinal Irradiation (CSI) postoperatively.

Craniospinal Irradiation (CSI) is integral in the definitive 
management of medulloblastoma. Improvements in therapy 
have resulted in 5-year overall survival rates in excess of 80% 
for average-risk medulloblastoma [5]. But long-term survivors 
experience a multitude of late effects, including neurocognitive 
decline, endocrine deficits, hearing loss, growth retardation, 
vasculopathies, and somatic effects. In particular, data support a 
clear correlation of irradiated volume, which is extensive in CSI, 
to risk of secondary malignancy [6, 7]. 

The traditional Craniospinal Irradiation (CSI) technique 
typically treats the Central Nervous System (CNS) using classic 
3D Conformal Radiation Therapy (3DCRT) with opposed 
lateral fields to treat the brain and posterior fields to treat the 
spine. This technique does not spare any organs and causes 
significant acute and late morbidities. Also, Matched junctions 
between fields result in inhomogeneous dose regions and 
require feathering, which increases the complexity of planning 
and delivery.

Recently, Volumetric Modulated Arc Therapy (VMAT) has 
been evaluated. It uses single or multiple arcs to deliver highly 
conformal doses to the Planning Target Volume (PTV).

This report compares VMAT with 3D-CRT in a treatment 
planning study of 10 cases of childhood medulloblastoma to 
evaluate differences in conformity, homogeneity indices and 
normal tissue sparing.
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PATIENTS AND METHODS

Patients

During a period between July 2018 and October 2021, 22 
medullolastoma were treated at radiotherapy department 
with VMAT technique. Among these patients, we selected 10 
children with standard-risk medulloblastoma that were treated 
in a supine position with two isocenters.

Simulation in supine position with thermoplastic mask and a 
vacuum cushion. Computed Tomography (CT) images were 
acquired using CT scanner with 3-mm slice intervals from the 
vertex to 10 cm below the S5 vertebra.

Each of these previously irradiated patients of MB was retrieved 

and re-planned with both 3DCRT techniques for dosimetric 
comparison.

Delineation of the target volume and organs at risk

Clinical Target Volumes (CTV) and OAR were demarcated 
on axial CT images. The craniospinal CTV encompassed the 
brain, the spinal cord, and the covering meninges. The lateral 
border of the CTV and the caudal extent of the thecal sac were 
identified from a T2-weighted magnetic resonance imaging 
scan. For the Planning Target Volume (PTV), the CTV was 
expanded uniformly by a margin of 5 mm for the brain and 
10 mm for the spinal cord. The boost CTV included the entire 
posterior cerebral fossa. OARs included the brain, eyes, lenses, 

Fig. 1. Isodose 95% of the 3D-CRT and VMAT plan in axial and coronal view

 
Fig. 2. DVH comparison of VMAT and 3D-CRT. Light green: Heart, dark green: Liver, orange: Bladder, purple: kidneys right and left. 3D-CRT, VMAT
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optical nerves, optic chiasm, thyroid, pituitary, heart, lungs, 
liver, oesophagus, kidneys, testis or ovaries, uterus, and breasts.

Treatment planning

The CSI dose for all patients was 36 Gy (20 fractions of 1.8 Gy), 
followed by a posterior fossa boost to 54 Gy using an additional 
18 fractions of 1.8 Gy.

3D-CRT plan uses “integrated gap feathering”: the first two 
opposed lateral beams for cranial irradiation with collimator 
rotation of 7º -10º to match the divergence of the posterior 

beam for the spinal irradiation, and the second set of the two 
opposed lateral beams with the lower cervical border shifted by 
1 cm, 5 cm, to change the level of the junction with the spinal 
beam in addition to a posterior beam for the spinal field. 

VMAT-based treatment plans were generated for each patient. 
It used three coplanar arcs: one complete arc (360º) to cover 
the superior portion of the TV (brain and upper portion of 
the spinal cord) and two partial arcs (30º each), with opposite 
direction from 180º position to cover the inferior portion of TV 
(the rest of the spinal cord).

Parameter
3D-CRT VMAT

P value
Mean SD Mean SD

D98% 33.41 1.8 33.72 0.86 0.509

D50% 37.14 0.27 36.69 0.27 0.001

D2% 39.94 1.42 38 0.47 0.001

Dmean 37.16 0.26 36.51 0.32 0

Dmax 41.81 1.67 40.15 0.52 0.026

HI 0.12 0.05 0.07 0.01 0.043

CI 1.34 0.05 1.08 0.05 0

PTV: Planning Target Volume, SD: Standard Deviation, HI: Homogeneity Index, CI: Conformity Index

Tab.1. Mean PTV dosimetry parameters among 
3D-CRT, VMAT techniques in CSI

Tab.2. Mean organ at risk dosimetry 
parameters among 3D-CRT and VMAT 
plans

OAR Dmean(Gy) Dmax (Gy) V10 V20 V30 V35

Lungs

VMAT 7.68 (2.19) 37.38 (1.91) 24.25 (11.19) 8.64 (3.7) 2.30 (1.9) 0.41 (0.54)

3D_CRT 9.63 (1.95) 37.85(1.75) 30.69 (6.67) 21.51 (5.5) 10.48(3.69) 2.29 (2.89)

P value 0.019 0.807 0.021 0 0 0.13

Right Kidney

VMAT 5.71 (1.99) 32.08(6.08) 14.87 (8.95) 4.26 (3.9) 0.75 (1.28) 0.15 (0.36)

3D_CRT 8.61 (3.01) 35.37(2.11) 27.68(10.66) 16.53(8.35) 7.07 (5.95) 1.63 (3.9)

P value 0.017 0.147 0.002 0.001 0.018 0.492

Left Kidney

VMAT 5.21 (2.04) 30.13(5.29) 13.15(10.54) 3.16 (3.76) 0.34 (0.74) 0.04(0.12)

3D_CRT 7.36 (2.37) 35.05(2.10) 23.58 (9.50) 66.71(168.51) 4.74 (3.50) 0.76(1.68)

P value 0.034 0.007 0.013 0.305 0.003 0.361

Heart

VMAT 12.02(3.31) 27.55(7.33) 53.05(20.02) 12.20 (15.71) 1.47 (2.79) 0.04 (0.10)

3D_CRT 20.19(3.14) 33.31(2.03) 74.33(10.44) 65.54 (12.10) 12.77(12.10) 0.31(0.96)

P value 0 0.03 0.001 0 0.088 0.59

Oesophagus

VMAT 27.10(3.99) 34.47(2.84) 98.79 (3.62) 89.62 (10.40) 34.29 (37.7) 8.72(25.25)

3D_CRT 32.97(1.34) 35.00(1.46) 100.00(0.00) 100.00 (0.00) 96.91 (6.31) 9.97(18.80)

P value 0 0.843 0.381 0.001 0 0.984

Thyroid

VMAT 20.87(5.85) 30.81(5.04) 93.95(12.66) 60.73 (39.00) 7.28 (14.00) 0.07 (0.14)

3D_CRT 30.84(1.59) 34.46(1.11) 100.00(0.00) 99.86 (0.40) 64.24(32.95) 0.96 (2.67)

P value 0.37 0.017 0.122 0.001 0.38 0.53

Liver

VMAT 7.35 (0.92) 30.63(4.73) 26.42 (7.24) 3.71 (5.14) 0.66 (1.41) 0.03 (0.11)

3D_CRT 10.00(1.36) 34.68(2.66) 36.40 (4.17) 29.40 (4.13) 3.10 (3.58) 0.16 (0.42)

P value 0 0.046 0 0 0.114 0.599
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Dose calculations used inverse planning optimization (Monaco 
treatment planning system version 5.11.02) and a Monte 
Carlo algorithm (Elekta AB, Sweden). Plan optimization used 
biological cost function: equivalent uniform dose for PTVs and 
serial/parallel cost functions for OAR. Craniospinal treatment 
plans used 6MV photons and two isocenters at the same source-
axis distance. 

Target dose coverage and homogeneity were given priority, 
whereby >95% of the PTV volume was covered by 95% of 
the prescribed dose and the maximum dose of the total plan 
(craniospinal plus boost) did not exceed 107%. Consideration 
was given to minimizing the OAR dose without compromising 
target coverage.

Statistical analyses

Dose distribution and Dose-Volume Histogram (DVH) data 
from 3D-CRT and VMAT included PTV dose coverage as 
V95% (the PTV receiving 95% of the prescribed dose), the 
Conformity Index CI (the ratio of V95% and total PTV), and 
the actual OAR dose. The plan homogeneity index HI was 
defined as the ratio of (D5%-D95%)/D50%. Analyses of the 
DVH for OAR were used to assess the radiation injury risk to 
specific organs; dose data were the mean and/or the maximum 
dose applied according to the relevance to each organ. 

RESULTS

Analysis of variables was carried out using the IBM SPSS statistics 
version 25.0. Characteristics were displayed descriptively. The 
distribution of HI, CI, D98%, D2%, D50%, dose in critical 
organs in each external irradiation technique were analyzed 
using statistical tests: Anova then Post Hoc Tests. We found 
interesting statistically significant results.

Planning target volume dosimetry

PTV coverage (D95%) was adequate for all plans. Figure 1 
shows the 95% isodose for both VMAT and 3D-CRT in axial 
and coronal plans. Mean PTV dosimetry parameters between 
3DCRT, and VMAT techniques in craniospinal irradiation can 
be seen in (Table 1). Conformity was superior with VMAT in 
all patients. The mean CI of 1, 08 for VMAT was lower than for 
3D-RT (1, 34). Homogeneity Index was better in VMAT plan 
with a statistically significant difference (p=0, 04) while Dmax 
was lower with VMAT technique.

Organ at risk dosimetry

For dose to Organs At Risk (OAR), the 3D-CRT technique 
resulted in the highest maximum dose as expected which is 
seen at the Dose Volume Histogram  DVH (Figure 2). VMAT 
plan provides reduced V20 and mean dose to almost all OAR 
delineated. The other interesting phenomenon that can be 
observed is that at low doses, the VMAT technique is delivering 
dose to larger volume of OAR. Table 2 summarizes some OAR 
doses and p-value of statically comparison of different dosimetric 
parameters of the dose-volume histogram. 

DISCUSSION

In children with medulloblastoma, which is a common childhood 
malignancy, long term survival was improved these last years 
because of therapeutic advances in radiation and chemotherapy 
[8]. The standard treatment for MBs includes surgical resection, 
followed by Radiotherapy (RT) to the craniospinal axis and then 
“boost” RT to the posterior fossa with or without chemotherapy.

That’s why it is very important to improve radiation therapy 
techniques to better cover target volumes and spare OARs to 
minimize long term toxicity, otherwise, late effects of radiation 
therapy such as somatic and carcinogenic effects may be observed 
during the follow-up period [9].

VMAT radiation treatment techniques are gaining popularity 
due to their simplicity and faster treatment delivery time. 
VMAT- based CSI is increasingly being accepted as the choice 
of treatment technique over conventional techniques in clinics 
since it does not require any junction-shifts and it results in 
more conformal dose distribution [10, 11]. This planning 
study shows that VMAT may achieve a significant reduction 
in the non-target tissue integral dose delivered compared with 
3D-CRT. VMAT additionally improves target dose conformity 
and normal tissue sparing compared with 3D-CRT. Compared 
with VMAT, there was poor conformity, small dose gradient and 
slow dose fall in 3D-CRT. As showed in Table 2, 𝑉10% of OAR 
was also high with VMAT, and dose dropped rapidly.

In the literature, several reports demonstrate improved CI 
and HI for the PTV and field-junctions by the use of modern 
radiotherapy techniques compared with 3D-CRT [12-14].

In a retrospective planning study comparing VMAT with 
conventional CSI in five patients, Lee, et al. [15] showed 
clinically relevant dose reductions to radiosensitive organs are 
achievable with VMAT. In particular, a reduction in the mean 
dose to the heart, esophagus, lenses, eyes, and optic nerves was 
observed, similar to the present study. Another planning study of 
VMAT [16], Intensity Modulated Radiation Therapy (IMRT), 
and 3D-CRT suggest that VMAT may be the optimal choice 
(compared with 3D-CRT) for treating the entire PTV based 
on sparing of the lenses, eyes, optic nerves, and cochlea that 
surround the cranial portion of the PTV as well as a reduction 
in integral dose with VMAT.

However, our study did not describe some other important points 
mainly the whole-body exposure to low doses with VMAT, the 
number of unit monitors which was correlated in some studies 
with the secondary induced cancers [17, 18]. This is related 
to the short course of follow up since the implementation of 
VMAT for CSI of MBs is recent in our centre.

CONCLUSION

In children patients requiring CSI, VMAT planning provides 
more homogenous target coverage while reducing the dose 
to multiple critical organs when compared with traditional 
3D-CRT. This conformity comes with a trade-off of greater 
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treatment times and low dose spread that introduces concern 
over the potential of secondary malignancies, especially for the 
VMAT technique.

The gain in target conformality with VMAT should be balanced 
with the spread of low doses to distant areas. This remains an 
open issue for the potential risk of secondary malignancies, and 
longer follow-up is mandatory.
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