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Purpose: Total scalp irradiation (TSI) is a rare but challenging indication. We previously reported that non-coplanar intensity-
modulated radiotherapy (IMRT) was superior to coplanar IMRT in organ-at-risk (OAR) protection and target dose distribution. This 
consecutive treatment planning study compared IMRT with volumetric-modulated arc therapy (VMAT).
Materials and Methods: A retrospective treatment plan databank search was performed and 5 patient cases were randomly 
selected. Cranial imaging was restored from the initial planning computed tomography (CT) and target volumes and OAR were re-
delineated. For each patients, three treatment plans were calculated (coplanar/non-coplanar IMRT, VMAT; prescribed dose 50 Gy, 
single dose 2 Gy). Conformity, homogeneity and dose volume histograms were used for plan. 
Results: VMAT featured the lowest monitor units and the sharpest dose gradient (1.6 Gy/mm). Planning target volume (PTV) 
coverage and homogeneity was better in VMAT (coverage, 0.95; homogeneity index [HI], 0.118) compared to IMRT (coverage, 0.94; 
HI, 0.119) but coplanar IMRT produced the most conformal plans (conformity index [CI], 0.43). Minimum PTV dose range was 66.8% 
–88.4% in coplanar, 77.5%–88.2% in non-coplanar IMRT and 82.8%–90.3% in VMAT. Mean dose to the brain, brain stem, optic 
system (maximum dose) and lenses were 18.6, 13.2, 9.1, and 5.2 Gy for VMAT, 21.9, 13.4, 14.5, and 6.3 Gy for non-coplanar and 
22.8, 16.5, 11.5, and 5.9 Gy for coplanar IMRT. Maximum optic chiasm dose was 7.7, 8.4, and 11.1 Gy (non-coplanar IMRT, VMAT, and 
coplanar IMRT).
Conclusion: Target coverage, homogeneity and OAR protection, was slightly superior in VMAT plans which also produced the 
sharpest dose gradient towards healthy tissue. 

Keywords: Total scalp irradiation, Intensity-modulated radiotherapy, Volumetric-modulated arc therapy, Angiosarcoma, Mycosis 
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Introduction

Extensive superficial malignancies of the scalp constitute a 
rare but challenging clinical presentation in oncology. Most 

common malignancies treated with total scalp irradiation (TSI) 
include angiosarcoma, cutaneous lymphoma and squamous 
cell carcinoma [1]. However, radiotherapy of the scalp can be 
technically demanding due to the unique clinical presentation 
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of the tumor on the one side (multifocal spread, irregular 
borders) and the complex geometry of the scalp on the other 
side (convex surface, close proximity of visual organs and 
face).

In addition to the anatomical challenges, intense treatment 
planning efforts, complex and staff-intensive treatment and 
patient setup (immobilisation) further complicate this clinical 
situation. Radiotherapeutic approaches to treat the entire scalp 
range from electron-based over photon-based to combined 
techniques including intensity-modulated radiotherapy (IMRT), 
volumetric-modulated arc therapy (VMAT), tomotherapy and 
high dose rate (HDR) brachytherapy [2-5].

However, sufficient data to determine the optimal and most 
effective radiation regimen is still lacking and frequently, both 
the individual and specific clinical tumor presentation as well 
as the technical conditions at the institution limit the scope of 
possible techniques to be chosen.

Achieving an adequate dose coverage in the target 
volume, that is the dermis and epidermis, while sparing brain 
parenchyma was historically attempted by matched, shifted or 
overlapping electron fields [6-8]. However, these techniques 
not only suffered from significant dose inhomogeneity but 
also from electron scatter complicating dosimetry [9]. These 
obstacles could be partially resolved by using photon beam 
IMRT techniques or photon-electron combination approaches 
which resulted in improved target dose coverage, dose 
homogeneity and minimized difficulties with doses at field 
junctions [4,9-11].

We previously reported our institution’s experience and 
comparatively evaluated coplanar and non-coplanar photon 
IMRT in the TSI of scalp malignancies under a dosimetric 
perspective and found that non-coplanar IMRT techniques 
were superior in dose homogeneity, target volume coverage 
and sparing of the optical structures [12].

Novel motion-based radiation techniques such as non-
static photon IMRT and VMAT in particular, promise superior 
dose distribution and conformity [13,14]. Recently, first 
evidence showed encouraging clinical response in a patient 
with extensive leukaemia cutis of the head and scalp treated 
by VMAT [15]. 

However, a robust analysis comparing static-field IMRT with 
VMAT has not been undertaken. This retrospective treatment 
planning study now evaluates the dosimetric merits of IMRT 
against VMAT and comparatively assesses plan conformity 
index (CI), homogeneity index (HI), dose-volume relation and 
organ-at-risk (OAR) protection in radiotherapy of the whole 
scalp.

Materials and Methods

1.   Radiation treatment plan calculation and characteristics
A patient databank search was performed at the Department 
of Radiation Oncology of the Martin Luther University Halle-
Wittenberg and 5 patients who previously received whole 
brain radiotherapy (WBRT) for cerebral metastasis (without 
prior cranial surgery) were randomly selected. All clinical and 
imaging information was analysed anonymously. This specific 
patient group (i.e., with intracerebral metastasis but without 
malignant scalp lesions) was chosen to ensure homogeneous 
and identical planning conditions with an anatomically intact 
and unaltered scalp surface to best evaluate the dosimetric 
differences of the radiation techniques. Generally, the previous 
WBRT was based on computed tomography (CT)-images 
obtained in treatment position (GE LightSpeed RT; without 
contrast) with the patients’ head immobilized in an individual 
thermoplastic mask without use of a bolus. It was carried out 
in a three-dimensional (3D) conformal radiation technique. 

Treatment plans were restored and the entire prior plan 
content including previously delineated target volumes and 

Fig. 1. Three-dimensional reconstruction of planning target 
volume (PTV) and organs at risk (OAR). (A) Transversal planning 
computed tomography (CT) with PTV (red, whole scalp). (B) 
Transversal CT with PTV (red) of patient #3. (C) OAR of patient #3 
(eyeballs, dark green and blue; brainstem, light blue; optic chiasm, 
yellow; optic nerves, light green and blue; lenses, orange and light 
green; brain, grid).
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OAR contours were deleted. For each patient, planning target 
volume (PTV) (i.e., from skin surface to skull cap), OAR (brain, 
optic chiasm, left and right optic nerve, left and right lens, 
brainstem) were re-delineated by an experienced radiation 
oncologist using the Oncentra MasterPlan external beam 
planning software (Nucletron, Columbia, MD, USA) (Fig. 1). 
For each patient, three treatment plans were generated using 
the collapsed cone algorithm: a coplanar IMRT plan, a non-
coplanar IMRT plan and a VMAT plan, based on the same PTV 
of each individual patient, yielding a total of 15 radiation 
treatment plans for comparison. For IMRT plans, 20 iteration 
steps per cycle were applied for creating the fluency and 80 
iteration steps for optimization and consecutive segmentation 
of the multi-leaf-collimator. Planning time for IMRT plans 

ranged from 2 to 4 hours per plan which were calculated as 
an 11-field step-and-shoot technique. Non-coplanar IMRT 
used 6 couch angles ≠ 0° (45°, 315°, 90°) and VMAT plans 
were based on 4 arcs each at 180° (180°–340° clockwise, 
20°–180° clockwise, 180°–20° counter clockwise, 340°–180° 
counter clockwise), with arcs covering the same angle range 
being a dual arc (Fig. 2). A 5-mm virtual bolus (without air 
gap between bolus and scalp) was created and used for 
all treatment plans to ensure sufficient surface dose. Plan 
calculation time for VMAT ranged from 6 to 8 hours per plan.

Dose prescription for all plans was 50 Gy to the PTV (whole 
scalp) at fractions of 2 Gy (6 MV). Radiation doses are reported 
as maximum dose (Dmax), D2%, minimum dose (Dmin) and D98% 
and dose gradient across the target volume is reported in Gy 

Fig. 2. Three-dimensional (3D) reconstruction of the volumetric modulated arc therapy (VMAT) and non-coplanar intensity-modulated 
radiotherapy (IMRT) treatment plan including comparative dose-volume histogram (DVH) of patient #3. (A) Comparative DVH with 
planning target volume (PTV) dose (continuous line) in coplanar (black) vs. non-coplanar (red) vs. VMAT (blue) plans and brain dose (dashed 
line) in coplanar (black), non-coplanar (red), and VMAT (blue) plans. (B) Comparative DVH for optic system dose (optic nerves, lenses, eye 
balls, optic chiasm) in coplanar (black) vs. non-coplanar (red) vs. VMAT plans (blue). (C) PTV reconstruction with dose distribution, arc 1 of 4. 
(D) 3D reconstruction of scalp surface dose coverage in non-coplanar IMRT with radiation fields 1–11 (yellow lines).
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per mm. Doses at OARs are reported as mean dose in Gy (brain 
and lenses) or maximum dose in Gy (optical nerves, brain stem, 
optic chiasm), respectively. For the brain dose constraint, a 
maximum average dose was used and dose constraints for the 
PTV were Dmin (D95%) 47 Gy, Dmin (D98%) 48.5 Gy, Dmean 50 Gy, and 
Dmax 54 Gy. OAR doses were lowered as much as reasonable 
achievable, that is until a significant deterioration of the plan 
homogeneity and PTV coverage occurred. Monitor unites (MUs) 
of each treatment was also recorded to evaluate the execution 
efficiency. 

2. Dose conformity
In the literature, different conformity indexes were published 
[16]. In this study, the conformity index (CI) as defined by 
Paddick [17] was used:

CI = (1)
TV(PIV)2

TV ×PIV
  
where TV(PIV) refers to the target volume covered by the 

prescription isodose volume, and TV is the target volume. PIV 
describes the prescription isodose volume, referring to the 
95% or 98% isodose. The homogeneity index (HI) was defined 
according to the ICRU report 83 [18-20] as

HI = (2)
D2-D98

D50

with D50 being the median absorbed dose and D2 and D98 
representing the doses received by 2% and 98% of the PTV. 
PTV coverage was the ratio of the PTV receiving 95% of the 
prescribed dose (V95%) and the corresponding PTV:

PTV coverage = (3)
TV(95%)

TV

Results

1. Dosimetric analysis IMRT and VMAT treatment plans
Dosimetric comparison of the coplanar and non-coplanar 
IMRT and VMAT plans including PTV coverage, homogeneity, 
conformity, minimum and maximum doses are presented in 
Table 1 for each individual patient case. Mean MUs for all 
VMAT plans were 950.8 followed by non-coplanar IMRT plans 
(962.8) and coplanar IMRT (974.2). Treatment plan delivery was 
10–12 minutes for IMRT and 2–3 minutes for VMAT plans on 
average.

Mean dose gradient was 1.6, 1.1, and 1.3 Gy/mm in VMAT, 
coplanar and non-coplanar IMRT. PTV coverage was 0.94 for 
coplanar/non-coplanar IMRT and 0.95 for VMAT plans (mean). 
Mean HI was 0.119 for IMRT and 0.118 for VMAT plans while 
the mean CI was 0.45 (CI98) in non-coplanar, 0.4 in coplanar 
IMRT and 0.43 in VMAT plans (CI95 was 0.39 for coplanar IMRT 
and 0.43 for non-coplanar IMRT and VMAT). Minimum PTV 
dose (mean) was 43.7 Gy (VMAT), 41.4 Gy (non-coplanar IMRT) 
and 41.3 Gy (coplanar IMRT); maximum PTV dose (mean) was 
54.7 Gy (VMAT, non-coplanar IMRT) and 54.8 Gy (coplanar 
IMRT). D98 was 46.5, 46.4, and 46.6 Gy and D2 was 52.2, 52.3, 
and 52.5 Gy in coplanar, non-coplanar IMRT and VMAT.

Except for 1 patient (#2), VMAT produced the sharpest 
dose gradients of all plans. In 2 patients, PTV coverage was 
significantly higher in VMAT plans (0.95, patient #2 and 0.97, 
patient #3); while in 2 patients, TV coverage was comparable 
between treatment plans (patients #4 and #5) and in 1 patient 
(#1), PTV coverage was superior in the non-coplanar IMRT. HI 
was comparable between treatment plans (Table 1). 

In all patients, non-coplanar IMRT plans were more 
conformal than coplanar IMRT which applies to 3 out of 5 
patients for VMAT.

All treatment plans produced dose hot spots within and 
outside the target volume, however, they were comparable 
between treatment plans of each individual patient as were 
maximum doses which ranged from 107.2–112.6 in coplanar 
IMRT, from 106.6–112 in non-coplanar IMRT and from 104.8–
113.3 in VMAT plans which also produced both the lowest 
(104.8, patient #5) and the highest maximum dose (113.3, 
patient #1). Minimum PTV doses ranged from 66.8%–88.4% in 
coplanar IMRT plans, from 77.5%–88.2% in non-coplanar IMRT 
plans and from 82.8%–90.3% in VMAT plans which produced 
the highest minimum doses, except for 1 patient (#1). Both D98 
and D2 were similar in IMRT and VMAT plans (Table 1).

Fig. 2 shows a comparative exemplary dose-volume-
histogram (DVH) with PTV and mean brain dose in IMRT and 
VMAT plans of patient #3, indicating sufficient and comparable 
PTV dose coverage with all treatment planning techniques and 
superior brain doses in the VMAT plan. Fig. 3 highlights depth 
dose characteristics of the VMAT plan from the surface of the 
scalp of patient #1.

2.   Dosimetric comparison of organ at risk involvement of 
IMRT and VMAT treatment plans

Table 2 shows the organ at risk doses for each plan of each 
individual patients. In all patients, VMAT plans produced 
considerable lower mean brain doses (range, 13.8 to 21.2 Gy) 
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compared to non-coplanar (range, 18.7 to 24 Gy) and coplanar 
IMRT plans (range, 19.7 to 25.8 Gy). The non-coplanar IMRT 
technique was slightly superior in mean brain dose.

The mean dose at the brain stem was lowest in VMAT, 
followed by non-coplanar IMRT and coplanar IMRT in three 
patients. In 2 patients, brain stem dose was superior in non-
coplanar IMRT (Table 2). Maximum dose to the optic chiasm 
was lower in non-coplanar (range, 3.8 to 12.5 Gy; mean, 7.7 
Gy) compared to coplanar (range, 3.8 to 17.6; mean, 11.1 Gy) 
IMRT in each of the 5 patient planning cases, while VMAT 
ranged intermediate (range, 4.7 to 13.3 Gy; mean, 8.4 Gy). In 
4 patients, VMAT was inferior (range, 4.7 to 13.3 Gy) to non-
coplanar IMRT (range, 3.8 to 12.5 Gy) in regard of mean brain 
stem dose and in 1 patient, VMAT was superior (5.3 vs. 6.3 Gy) 
(Table 2).

VMAT plans produced considerably lower doses at the optic 
nerves (8.2–9.9 Gy) compared to coplanar (8.7–18.5 Gy) and 
non-coplanar (10.7–21.9 Gy) which had the highest optic 
nerves dose in all patients. For eye lenses, VMAT was superior 
in 3 patient cases compared to non-coplanar and coplanar 
IMRT, however, doses to the lenses overall were comparable 
(Table 2).

Mean brain dose in all patients was lowest in VMAT (18.6 
Gy), followed by non-coplanar (21.9 Gy) and coplanar IMRT 
(22.8 Gy) which produced similar mean brain doses. Mean 
brain stem dose was 16.5, 13.4, and 13.2 Gy in coplanar, non-

Table 2. Dosimetric comparison of organ at risk in IMRT and VMAT treatment plans for each individual patient

Patient Planning technique
Mean dose (Gy) Maximum dose (Gy)

Brain Brain stem Left lens Right lens Optic chiasm Optic nervesa)

#1

#2

#3

#4

#5

Coplanar IMRT
Non-coplanar IMRT
VMAT
Coplanar IMRT
Non-coplanar IMRT
VMAT
Coplanar IMRT
Non-coplanar IMRT
VMAT
Coplanar IMRT
Non-coplanar IMRT
VMAT
Coplanar IMRT
Non-coplanar IMRT
VMAT

23.8 (47.6)
23.2 (46.5)
20.4 (40.7)
22.4 (44.8)
21.7 (43.3)
20.5 (41.6)
22.6 (45.2)
21.8 (37.4)
17.2 (34.4)
19.7 (39.3)
18.7 (37.4)
13.8 (27.7)
25.8 (51.5)
24.0 (48.0)
21.2 (42.4)

 22.3 (44.5)
 18.3 (36.6)
 16.2 (32.5)
 16.7 (33.3)
 10.3 (20.6)
 14.1 (28.2)
 21.2 (42.4)
 18.7 (37.4)
 14.9 (29.7)
 6.2 (12.4)
 4.6 (9.2)
 7.2 (14.3)
 16.2 (32.4)
 15.2 (30.5)
 13.7 (27.4)

 4.5 (9.0)
 5.3 (10.6)
 4.6 (9.2)
 6.0 (12.0)
 5.7 (11.4)
 4.8 (9.6)
 6.5 (13.0)
 6.7 (13.4)
 4.8 (9.6)
 5.2 (10.4)
 6.4 (12.8)
 5.8 (11.6)
 6.7 (13.4)
 8.1 (16.2)
 5.3 (10.6)

 6.0 (12.0)
 6.4 (12.8)
 6.9 (13.8)
 5.8 (11.6)
 5.4 (10.8)
 4.6 (9.2)
 6.4 (12.8)
 6.7 (13.4)
 5.0 (10.0)
 5.3 (10.6)
 5.3 (11.6)
 4.6 (7.2)
 6.9 (13.8)
 7.3 (14.6)
 5.2 (10.4)

 17.6 (35.2)
 12.5 (25.0)
 13.3 (26.6)
 11.4 (22.8)
 8.1 (16.2)
 10.1 (20.2)
 13.0 (26.0)
 7.7 (15.4)
 8.7 (17.4)
 3.8 (7.6)
 3.8 (7.6)
 4.7 (9.4)
 9.6 (19.2)
 6.3 (12.6)
 5.3 (10.8)

18.5 (37.0)
21.9 (43.8)
9.4 (18.8)
8.7 (17.4)

15.3 (30.6)
8.5 (17.0)

12.2 (24.4)
13.7 (27.4)
8.8 (17.4)
10.6 (21.2)
10.7 (21.4)
8.2 (16.4)
10.7 (21.4)
13.2 (26.4)
9.9 (19.8)

Values are presented as number (%).
IMRT, intensity-modulated radiotherapy; VMAT, volumetric modulated arc therapy.
a)Right and left optic nerve. 

Fig. 3. Volumetric-modulated arc radiotherapy treatment plan 
(patient #1). (A) Surface dose profile curve and (B) isodose 
distribution over scalp planning target volume.
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coplanar IMRT and VMAT. Mean dose at optical structures 
including optical nerves left and right and optic chiasm was 
9.1 Gy in VMAT, 14.5 Gy in non-coplanar and 11.5 Gy in 
coplanar IMRT. Fig. 2 presents an exemplary comparative DVH 
comparing maximum doses to the optical system in VMAT and 
IMRT treatment plans of patient #3, showing superior dose 
involvement of optical structures in the VMAT plan. In summa, 
doses to the optical system were 11.5, 14.5, and 9.1 Gy for 
coplanar, non-coplanar IMRT and VMAT.

Doses to the lenses were lowest in VMAT (5.2 Gy) and 
highest in non-coplanar IMRT (6.3 Gy); they were 5.9 Gy in 
coplanar IMRT plans.

Discussion and Conclusion

The treatment of extensive malignant scalp lesions remains a 
rare yet challenging and complex indication for radiotherapy. 
TSI, i.e. total scalp irradiation constitutes an adequate 
treatment for angiosarcoma, mycosis fungoides and extensive 
squamous cell carcinoma of the scalp [2,6,10]. Most commonly, 
conventional lateral electron-photon techniques [9,21], IMRT 
[10] but also tomotherapy [5], RapidArc and –in some cases– 
HDR brachytherapy is used [22]. However, clinical presentation, 
the individual shape of the scalp and dose variability make it 
impossible to define the single best treatment for all patients 
and often dictate the chosen technique.

We previously reported a comprehensive dosimetric 
comparison of coplanar and non-coplanar photon IMRT in 
the treatment of extensive scalp lesions and found that non-
coplanar beams increased dose homogeneity and PTV coverage 
and reduced doses to OARs, particularly at the optic chiasm [12].

This treatment planning study describes our institution’s 
experience in TSI and comparatively evaluates coplanar and 
non-coplanar IMRT against VMAT.

Keeping treatment delivery times low, generally has the 
benefit of reduced intrafraction patient motion and lower 
patient exposure to leakage radiation. Recently, Inoue et al. [23] 
reported shorter TSI delivery time and reduced MU using a multi 
jaw-size concave arc technique. In our study which was based 
on a dose description of 50 Gy to the PTV in single fractions of 
2 Gy, MUs per single fraction were lowest in VMAT (950.8) and 
did not differ considerably from those of non-coplanar (662.8) 
but were significantly lower than MUs in coplanar IMRT (974.2). 
In the literature, MUs for VMAT in TSI are reported ranging from 
1,791 (60 Gy in single fractions of 2 Gy, 9 arcs) to 1,188 (20 Gy 
in single fractions of 2 Gy, 6 arcs) [24,25]. 

In this work, homogeneity and target volume coverage was 

slightly superior in VMAT, however both PTV coverage and HI 
were comparable between plans. Non-coplanar IMRT plans 
were most conformal and dose hotspots within and outside 
the target volume were comparable between treatment plans 
despite better maximum and minimum PTV doses VMAT plans. 
Hu et al. [25] showed improved target volume coverage and 
homogeneity for both IMRT and RapidArc and Song et al. 
[24] reported the best conformity in tomotherapy plans (CI, 
1.35) followed by VMAT (CI, 1.49) while the photon-electron 
technique was least conformal (CI, 1.73). Our own results 
indicate comparable conformity between VMAT (CI, 1.43) and 
non-coplanar IMRT (CI, 1.45), while conformity was best with 
the coplanar IMRT technique in our study (CI, 1.4), however 
differences in conformity were smaller in our study compared 
to the data of Song et al. [24]. Analogue to the latter work, the 
HI in our study was similar across plans, yet, slightly poorer in 
IMRT plans compared to VMAT.

Overall, critical structures including brain, brain stem, 
optical system, and lenses could be spared best with VMAT 
which also produced the sharpest dose gradient towards 
healthy tissue but all critical organ doses were within clinically 
acceptable levels. In all patient planning cases, the optic 
structures received a mean dose less than 25 Gy which was 
also not exceeded for the brain in all except one coplanar IMRT 
plan. Mean doses to the lenses ranged from 4.5–8.1 Gy and 
never exceeded 7 Gy in VMAT and coplanar IMRT plans while 
the highest doses to the lenses were noted in a non-coplanar 
IMRT.  

In the work of Hu et al., IMRT was inferior to 3D-conformal 
radiation therapy (CRT) in sparing of optical structures and 
RapidArc failed to improve doses to the optic system [25]. In 
our study, doses at the optic nerves were superior for VMAT 
in all patients compared to coplanar and non-coplanar IMRT 
while the optic chiasm could be spared best with non-coplanar 
IMRT. According to Hu et al. [25], doses to the lenses could be 
reduced by using RapidArc. VMAT in our study failed to reduce 
doses to the lenses compared to coplanar IMRT, however, 
sparing of the lenses was inferior in non-coplanar IMRT as 
opposed to VMAT. Song et al. [24] reported the lateral electron-
photon technique to feature lower doses to optical structures 
compared to VMAT and helical tomotherapy however, 
irradiated brain volume and doses to the brain were superior 
in VMAT which is in accordance with our results. Compared 
to the results of Song et al. [24], optic nerves and brain stem 
doses were higher in our VMAT plans while doses to the lenses 
were comparable. The data of Hu et al. [25] indicates that 
3D-CRT is clearly inferior to non-coplanar IMRT in regard of 
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target coverage and brain protection where IMRT significantly 
deceased doses to the brain compared to 3D-CRT. In the work 
of Song et al. [24], brain protection was superior in VMAT 
and tomotherapy compared to the photon-electron approach 
which are further complicated by technical obstacles such as 
field matching. 

Our own results suggest that both brain and brain stem 
protection was best in VMAT while the highest brain and brain 
stem doses were produced with the coplanar-IMRT plans. 

In a clinical perspective, protection of the brain is prudent in 
the context of maintaining neurocognitive function in patients. 
In all treatment plans in our study, a mean brain dose of 25 
Gy was not exceeded, however, recently there is increasing 
evidence that even low doses to the brain can significantly 
impact neurocognition [26] so that particular importance 
comes to protection of the hippocampus [27] which in our 
work could not be achieved due to the fact that treatment 
planning was CT-based and did not include cranial magnetic 
resonance imaging (MRI). MRI-based delineation, however, 
can help to further reduce the dose in the hippocampal region 
in order to prevent neurocognitive dysfunction when using 
VMAT for TSI. Song et al. [24] were able to show that using the 
lateral photon-electron or tomotherapy approach, doses to the 
hippocampus could be lowered compared to VMAT, however, 
not to the point of effective sparing of the hippocampal 
region. 

In summa, the results of our study suggest superior target 
volume coverage, homogeneity, dose gradient and organ at 
risk protection in VMAT which provided particularly low doses 
to the brain and optical system. However, the variation of 
dosimetric parameters between patients and the small sample 
size in this study need to be considered in the interpretation of 
the results.

In the real clinical situation, additional limiting factors 
such as planning time, equipment availability but also the 
specific individual clinical presentation and both the institutes’ 
experience and technical capacities must be considered when 
choosing an adequate technique for TSI. 
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