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ABSTRACT

Objective: To carry out a dosimetric evaluation of two different advanced radiotherapy modalities prophylactic-whole brain radiotherapy with hippocampal 
avoidance in the treatment of patients with small cell lung cancer (SCLC).
Method: Computed tomography with fused magnetic resonance images of patients who were diagnosed with SCLC without brain metastasis were combined and 
re-planned with volumetric-modulated arc (VMAT) and also helical tomotherapy (n=10). Doses of 25 Gy were prescribed in 10 fractions for the whole brain 
volume. Planning was performed according to RTOG 0933 criteria for hippocampal avoidance (Dmax ≤16Gy, D100% ≤9Gy). Planning target volume (PTV), 
homogeneity index (HI), conformity index (CI), minimum dose (Dmin) maximum dose (Dmax) and dose for organs at risk (OARs) were compared. 
Results: In the analysis of PTV data, no significant difference was found between the helical tomotherapy and VMAT for D95 values, the minimum, maximum and 
mean values of PTV brain doses were higher in the VMAT arm (p=0,000). When comparing PTV HI and CI values, VMAT was significantly superior in CI value 
(p=0.033), but there was no significant superiority in HI values (p=0.499). When compared statistically, and radiation doses delivered to hippocampus were 
evaluated it was seen that helical tomotherapy provided significantly better hippocampal protection than VMAT (right: 6.43Gy vs 8.94Gy; p=0.000; left: 6.10Gy 
vs 8.96Gy; p=0.000), mean (right 7.60Gy vs 11.42Gy; p=0.000; left: 7.56Gy vs 11.70Gy; p =0.000) and maximum (right: 15.83Gy vs 20.8Gy; p=0.003; left: 15.99Gy 
vs 20.13Gy; p=0.009). When analyzing lens doses, it was observed that the mean and maximum dose values of both right and left lenses were much lower in 
helical tomotherapy (mean right: 4.52Gy vs 12,34Gy; p=0,000 and left: 4.66Gy vs 11.69Gy; p=.,000; maximum right: 3.41Gy vs 10.54Gy; p=0.00 and left: 3.53Gy 
vs 10.10Gy; p=0,000). 
Conclusion: Acceptable treatment plans have been developed in both radiotherapy methods. Both hippocampus avoidance region and lens doses were found to 
be significantly superior in helical tomotherapy when compared with VMAT.
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ÖZ

Amaç: Küçük hücreli akciğer kanseri hastalarının tedavisinde hipokampüs koruması ile profilaktik-tüm beyin radyoterapisinin iki farklı ileri radyoterapi tekniği ile 
dozimetrik olarak değerlendirmesi amaçlanmaktadır.
Yöntem: Beyin metastazı olmayan küçük hücreli akciğer kanseri teşhisi konulan, 10 hastanın bilgisayarlı tomografi ile manyetik rezonans görüntüleri ile birleştiri-
lerek hacimsel ark tedavisi (VMAT) ve helikal tomoterapi ile yeniden planlandı. Tüm beyin hacmine 10 fraksiyonda 25 Gy dozu reçete edildi. Hipokampüs koruma-
sı için RTOG 0933 kriterlerine göre planlama yapıldı (Dmax ≤16Gy, D100% ≤9Gy). Planlanan hedef hacmi (PTV), homojenite indeksi (HI), uygunluk indeksi (CI), 
maksimum doz (Dmax), minimum doz (Dmin) ve risk altındaki organların (OAR) aldıkları dozlar karşılaştırıldı.
Bulgular: PTV verilerinin analizinde, helikal tomoterapi ve VMAT arasında D95 değerleri için anlamlı bir fark bulunmadı (p=0,141), VMAT kolunda PTV beyin 
dozlarının minimum, maksimum ve ortalama değerleri daha yüksekti (p=0,000). PTV; HI ve CI değerleri karşılaştırıldığında, VMAT CI değerinde önemli ölçüde 
üstündü (p=0.033), ancak HI değerlerinde önemli bir üstünlük yoktu (p=0.499). İstatistiksel olarak karşılaştırıldığında, hipokampus minimum (Sağ: 6,43Gy&8,94Gy; 
p=0,000; Sol: 6,10Gy&8,96Gy; p=0,000), ortalama (Sağ:7,60Gy&11,40Gy; p=0,000; Sol: 7,56Gy&11,70Gy; p=0,000) ve maksimum (Sağ: 15,83Gy&20,8Gy; 
p=0,003; Sol: 15,99Gy&20,13Gy; p=0,009) değerlerine bakıldığında helikal tomoterapi, VMAT’den önemli ölçüde daha iyi hipokampüs koruması sağladığı görüldü. 
Lens dozları analiz edildiğinde, sağ ve sol lenslerin ortalama ve maksimum doz değerlerinin helikal tomoterapide çok daha düşük olduğu gözlendi (Ortalama Sağ: 
4,52Gy&12,34Gy;p=0,000 ve Sol :4,66Gy &11,69Gy; p=0,000; Maksimum Sağ:3,41Gy&10,54Gy; p=0,000 ve Sol: 3,53Gy&10,10Gy; p=0,000).
Sonuç: Her iki radyoterapi yönteminde de kabul edilebilir tedavi planları geliştirilmiştir. Hem hipokampus korunması hem de lens dozları helikal tomoterapide 
VMAT’den anlamlı olarak daha üstün olduğu görüldü.
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INTRODuCTION

PProphylactic whole brain irradiation (PWBRT) that 
decreases brain metastasis is administered as a tre-
atment for patients with limited stage small cell lung 
cancer (SCLC) (1) and also patients with extensive-
stage SCLC who respond to systemic therapy (2).
PWBRT is widely used in patients with SCLC. The 
findings in a study showed that PWBRT could pro-
long survival of the patients and only a mild reaction 
to chemotherapy could be observed (3). Using PWBRT 
for patients with non-small-cell lung cancer (NSCLC) 
has recently taken considerable attention because 
PWBRT is likely to lessen the incidence of brain 
metastasis, but PWBRT does not prolong survival of 
the patients (4,5). 

Whole brain radiotherapy (WBRT) is mainly adminis-
tered for patients who have many brain metastases 
that arose from various malignancies (6). The deve-
lopment of WBRT cerebellar dysfunction, short-term 
memory and reduced ability to learn may lead to 
various side effects, such as disorders in neurocogni-
tive functions (7,8). The hippocampus has a vital effect 
on memory consolidation and emotional learning 
(9,10). In the subgranular zone, the interruption of neu-
rogenesis may bring on damaged memory (11-14). The 
harm that arises from radiation to the hippocampus 
unfavourably affects cognitive function (15-17).

With the novel radiation technologies like dynamic 
intensity-modulated radiation therapy (dIMRT) and 
step-and-shoot intensity-modulated radiotherapy 
(sIMRT) volumetric-modulated arc therapy (VMAT), 
and helical tomotherapy that were used to prevent 
the loss of neuronal stem cells arising from radiation 
exposure. Hippocampal- avoidance (HA) radiation 
techniques are developing day by day. We should 
note that the first data in the literature that was 
obtained from helical tomotherapy or LINAC-based 
intensity-modulated radiotherapy (IMRT) have alre-
ady verified practicality of the method used (18,19). 
Sood et al.’s findings showed the practicality of 
WBRT using VMAT both to spare the hippocampus 
and also decrease dose to OARs significantly (e.g., 
parotid glands, cochleae, scalp and ear canal) (20). 
Tomotherapy brings a homogeneous dose delivery 
to the whole brain and evades the hippocampus in a 
conformal manner (21). However, surprisingly, in the 

literature, it is still not conclusive which approach is 
the most proper HA-PWBRT approach for VMAT and 
helical tomotherapy for patients with SCLC, which 
should be further investigated. To shed light into the 
literature, in this study, a dosimetric comparison has 
been made between VMAT and helical tomotherapy 
to investigate the technical advantages regarding the 
two treatment modalities in HA-PWBRT.

MATERIAL and METHODS

Study design
This study was approved by Ethics committee of SBU 
Kartal Dr Lütfi Kırdar Training and Research Hospital 
(2020/514/174/3). This study was a radiotherapy 
planning study aimed at testing the HA-WBRT plan-
ning technique with VMAT and helical tomotherapy.

Population:
Ten patients who were previously treated with 
HA-WBRT, according to the RTOG 0933 protocol, 
using helical tomotherapy whose treatment was 
re-planned with VMAT technique and compared to 
helical tomotherapy treatment plans.These ten pati-
ents who were treated between September 2018 
and February 2019 and who did not have brain 
metastasis by magnetic resonance imaging (MRI) 
were included in the study. All patients had been 
histologically diagnosed with small cell lung cancer 
(SCLC), seven of them were in limited stage and 3 
were in extensive stage

Simulation and contouring
In this study, computed tomography (CT) data were 
obtained following RTOG 0933 criteria. All of the 
patients in this study had MRI with axial T2-weighted 
and gadolinium contrast-enhanced T1-weighted 
sequences for hippocampus contouring with slice 
thickness not extending 1.5 mm. To obtain a CT 
simulation with a slice thickness of 1.25 mm, the 
patients were immobilized in the supine position. 
The MRI images were semi-automatically fused to 
the simulation CT by the radiation oncologist in the 
Eclipse planning system (Varian Medical Systems, 
Palo Alto, CA, USA). Contouring was performed with 
2D and 3D brushes on axial images. Contours for 
targets and other normal structures which encom-
passed the brainstem, eyes, cord, chiasm, brain, 
optic nerves lenses, and external patient contour w/
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immobilization devices, were contoured in treat-
ment contouring system SomoVision (Varian Medical 
Systems, Palo Alto, CA,USA)

Hippocampus was contoured taking into account of 
RTOG shaping guides. The hippocampus head and 
amygdala are located in the gray matter on the other 
side of the temporal horn. At the level of the pons 
and pituitary gland, lower part of the hippocampus 
was located. Contours were ended at the splenium 
of the corpus callosum (Clinical target volume-
hippocampal avoidance: CTV-HA). Planning target 
volume-hippocampal avoidance (PTV-HA) zone was 
produced with 5 mm contour widening from CTV-
HA. The whole brain PTV with the hippocampal avo-
idance region was created by subtracting this PTV-
HA region from the brain parenchyma to C1 and C2.
The same radiation oncologist defined the contours 
and the contours were also peer reviewed. Afterwards, 
the contours in sagittal, coronal and axial projections 
were rechecked by a neuroradiologist. Before starting 
treatment, according to the protocol, the dose up to 
100% of the hippocampal dose should not be more 
than 9 Gy, the maximal hippocampal dose should not 
be more than 16 Gy. It was stated that 100% of the 
hippocampus that exceeded 10 Gy and the maximum 
hippocampal dose that exceeded17 Gy were unaccep-
table and re-planning was required. 

HA-PWBRT Planning technique

Volumetric ARC (VMAT) technique:
The VMAT plans were created with the Trilogy 
(Varian Medical Systems Inc, Palo Alto, USA) linac 
with a maximum rate of 600 MU / min with 120 high 
resolution multi-leaf collimator (MLC) with a central 
width of 2.5 mm in 10x10 areas and 5 mm leaf width 
in others. The VMAT technique offers single or mul-
tiple volumetric modulation arcs with varying portal 
speeds, dose rates and MLC leaf movement speeds 
to achieve optimum target coverage. Treatment 
plans were optimized and calculated using Eclipse 
(Varian Medical Systems, Inc) TPS version 13.7.0 and 
an Anisotropic Analytical Algorithm (AAA). Each plan 
for this study consisted of six non-planar arcs with 
collimator angle rotations of 30 and 330 degrees, 
gantry angles of 181 to 179 and 181 to 340 degrees, 
and couch rotations of 10, 270 and 350 degrees. We 
used the Arc Geometry Tool to create arcs. The 

Progressive Resolution Optimizer (version 13.7.10) 
used for VMAT optimization (22).

Helical Tomotherapy Technique:
The helical Tomotherapy plans were created for the 
treatment planning workstation (Precision 1.1.0.0; 
Accuray,, Sunnyvale, CA, USA) with the Collapsed 
Cone Convolution / Superposition algorithm using 
6MV unflattened photon beam by 64 dual multi-leaf 
collimators). All helical tomotherapy plans are desig-
ned for each patient: 2.5 cm-dynamic jaw and plans 
have a step value in the range of 0.172 to 0.225 and 
a modulation factor in the range of 1.6 to 3 (23).

Statistical analysis:
Statistical analysis and comparisons between the 
treatment plans of two different irradiation techni-
ques were performed using a one-way Analysis of 
Variance (ANOVA) and SPSS Version 21 statistical 
software (IBM, USA) In order to be statistically signi-
ficant, p values must be below p <.05 (24).

RESuLTS

In the study, HA-PWBRT radiotherapy plans of 10 
male patients were compared. The mean age of pati-
ents receiving radiotherapy treatment was 56.3 
(range; 47-68) years. Seven patients had limited 
stage SCLC and 3 patients extensive-stage SCLC.The 
mean total brain volume was 1396 cc, volumes of 
the right, and left hippocampi were 1.55 cc, and 1.59 
cc, respectively. For the treatment of HA- PWBRT 
irradiation, the total treatment dose for each patient 
was planned to be 25 Gy/ 10 fractions (Table 1).

Gender of Total Patients

Pathology of the Total Patients

Average Age of Total Patients

Total Treatment Dose

Total Brain Volume
Mean of Total Patients

Hippocampus Right Volume 
Mean of Total Patients

Hippocampus Left Volume 
Mean of Total Patients

Table 1. Patient characteristics of HA-PWBRT.

Male 10 /10

Limited- Stage SCLC 7/10 
Extensive-Stage SCLC 3/10

56.3 (47-68)

25Gy/10 fractions

1396 cc

1.55 cc

1,59 cc
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Dose-volume values obtained from patient plans 
were compared using two different radiotherapy 
treatment methods.In this study, the hippocampus 
(left-right); lens (left-right); Planning target volume 
(PTV); maximum, minimum and mean dose, the 
dose of 95% of the volume (D95) PTV, homogeneity 
index (HI) and conformity index (CI) were analyzed 
and two radiotherapy techniques were compared in 
terms of these parameters.

As a result of the analyzes, in the comparison of two 
modalities it is seen that the average of minimum 
(tomotherapy TPS; Right: 6,13 Gy; Left: 6,10 Gy & 
VMAT TPS; Right: 8,94Gy; Left: 9,96 Gy p right=0,000& 
p left: 0,000), mean (Tomotherapy TPS; Right: 7,6 Gy; 
Left:6,10 Gy & VMAT TPS; Right: 11,4Gy; Left: 11,7 
Gy; p right=0,000& p left: 0,000) and maximum 
(Tomotherapy TPS; Right: 15.8 Gy; Left: 15,8 Gy & 
VMAT TPS; Right: 20,8Gy; Left: 20,13Gy; p 
right=0,003& p left: 0,009) dose values of both right 
and left hippocampus regions were lower than the 
values obtained from tomotherapy treatment plan-
ning system (TPS) (Table 2). When compared statisti-
cally, according to the p values of hippocampus 
minimum (Right p=0,000; Left p=0,000), mean (Right 
p=0,000; Left p=0,000) and maximum (Right p=0.003; 
Left p=0.009) shows that tomotherapy TPS provides 

significantly better hippocampal protection than 
VMAT TPS (Table 2, Figure 1, 2).

For the analysis of the lens doses it was observed 
that mean and maximum doses of both right and 
left lenses were lower than the values obtained 
from helical tomotherapy TPS. The maximal and 
mean doses were as follows: right lens; 
3,41Gy,4,52Gy, and 10,54 Gy,12,34Gy and left lens; 
3,53Gy,4,66Gy and 10,19Gy,11,69Gy for helical 
tomotherapy and VMAT, respectively. Statistically, 
both p values of the right lens (mean p=0,000, 
maximum p=0,000) and the left lens (mean p=0,000, 
maximum p=0,000) reveal that helical tomotherapy 
TPS lens protection is significantly superior than 
the VMAT TPS (Figure 1, 2).

In the analyzes of the PTV data, there is no signifi-
cant difference (p=0,141) for the D95 values betwe-
en tomotherapy and VMAT TPS. On the other hand 
for the PTV minimum (p=0,000), maximum (p=0,000) 
and mean (p=0,000) values were significantly hig-
her in the VMAT TPS arm. When PTV HI and CI 
values were compared, VMAT TPS was significantly 
superior (p=0.033) in the CI value, but no significant 
superiority was detected in HI values (p=0.499) 
(Table 2).

Structure

PTV

Right Hippocampus

Left Hippocampus

Right Lens

Left Lens

Table 2. Treatment characteristics of the HA-PWBRT with Helical Tomotherapy &VMAT.

Dosimetric Parameter

D95
minimum
maximum

mean
HI
CI

minimum
maximum

mean

minimum
maximum

mean

maximum
mean

maximum
mean

Helical Tomotherapy

23,01
5,99

28,34
26,52
0,39
1,17

6,13
15,83
7,60

6,10
15,99
7,56

3,41
4,52

3,53
4,66

VMAT

23,77
8,99

33,75
28,75
0,37
1,09

8,94
20,80
11,42

8,96
20,13
11,70

10,54
12,34

10,19
11,69

p value

p=0.141
p=0,000
p=0,000
p=0,000
p=0.499
p=0.033

p=0,000
p=0,003
p=0,000

p=0,000
p=0,009
p=0,000

p=0,000
p=0,000

p=0,000
p=0,000
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Figure 1. Color wash comparison of dose distributions for two modalities in a representative patient.
A; Helical Tomotherapy,
B; VMAT: Volumetric-Modulated Arc Therapy

A)

B)

A)

B)

Figure 1. Color wash comparison of dose distributions for two modalities in a representative patient.
A; Helical Tomotherapy,
B; VMAT: Volumetric-Modulated Arc Therapy

A)

B)
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DISCuSSION

The degree of the harm that arises from radiation 
doses delivered to the organs at risk (OARs) has been 
overlooked in the literature. Thanks to the improve-
ment in the sIMRT, dIMRT, VMAT and helical tomot-
herapy, recently, we can reduce neurocognitive toxi-
city and deficits of the OARs Studies have reported 
that harm to the hippocampus that arises from radi-
ation exposure may have a vital effect on the cogni-
tive decline of the patients. Deficits in learning and 
memory were seen in the patients that were admi-
nistered whole brain radiotherapy which were dis-
cussed, and suggested to be associated with the 
hippocampal injury (25). We highlighted the dosimet-
ric benefits of two advanced radiotherapy modalities 
(VMAT and helical tomotherapy TPS) with the hippo-
campus and OARs so as to use this treatment of 
PWBRT in the present study. 

In our study, the PTV minimum (p=0,000), maximum 
(p=0,000) and mean (p=0,000) values were signifi-
cantly higher in the VMAT TPS arm. When the PTV HI 
and CI values were compared , VMAT TPS was found 
to be statistically significantly superior (p=0.033) in 
the CI value, but without any significant superiority 
in HI values (p=0.499). Helical Tomotherapy TPS can 
provide a better dose distribution in the PTV brain com-
pared to the VMAT TPS, as Cozzi et al. reported (26).

The helical tomotherapy and IMRT in hippocampal 
sparing whole brain radiotherapy were investigated 
by Gondi et al. to compare their effectiveness. Their 
findings showed that the target volume coverage 
and OAR-sparing were comparable in the two tech-
niques. However, the median dose of 5.5 Gy and the 
maximum dose of 12.8 Gy were received by the hip-
pocampus. For helical Tomotherapy, it was 7.8 and 
for IMRT, it was 15.3 Gy (19). In the present study, the 
same results were found. Considering the radiation 
doses received by hippocampus, minimum (tomot-
herapy TPS; Right: 6.13 Gy; Left: 6.10 Gy & VMAT 
TPS; Right: 8.4Gy ; Left:9.96 Gy p right=0.000& p left: 
0.000), mean (Tomotherapy TPS; Right:7.6 Gy; Left: 
6.10 Gy, and VMAT TPS; Right: 11.4Gy; Left: 11.7 Gy; 
p right=0.000& p left:0.000) and maximum 
(Tomotherapy TPS; Right: 15.8 Gy ; Left:15.8 Gy , and 
VMAT TPS; Right: 20,8Gy; Left:20,13Gy; p right= 
0,003& p left: 0,009) doses show that helical tomot-

herapy TPS provides significantly better hippocam-
pal protection than VMAT TPS.

Rong et al. (24) assessed the potential dosimetric dif-
ferences among three modalities, namely IMRT, 
helical tomotherapy and VMAT, in providing 
HA-WBRT. When we evaluated hot spots to plan tar-
get volume (PTV), and compared with helical tomot-
herapy, the average dose administered to 2% of PTV 
(D2%) for IMRT was not superior to VMAT given that 
both IMRT and VMAT indicated a significantly higher 
D2%. In the present study, PTV minimum and maxi-
mal doses were 8.99Gy, 5,99 Gy and 33.75 Gy, 28,34 
Gy for VMAT and helical tomotherapy TPS, respecti-
vely. With the same results, Rong et al. showed that 
PTV provided better dose distribution in helical 
tomotherapy TPS than VWAT TPS. 

Rong et al. showed that helical tomotherapy had a 
considerably better homogeneity index (HI) of 0.15, 
and 0.03 when they compared with IMRT and VMAT 
(24). However, in the present study, we could not 
find any difference in HI (0.39&0,37 p=0,5), but in 
the conformity index (CI), VMAT TPS has better cove-
rage than helical tomotherapy TPS. In terms of hip-
pocampal avoidance, in their study, Rong et al. calcu-
lated that IMRT (8.7 Gy) and VMAT (8.6 Gy) had a 
higher mean dose when compared to helical tomot-
herapy (8.0 Gy) (24). In the present study, helical 
tomotherapy and VMAT TPS right (7,6Gy and 11.4Gy) 
and left (7.56Gy and 11.7Gy) hippocampal doses are 
better dose calculation than VMAT TPS (p=0,000). In 
this study, helical tomotherapy and VMAT TPS were 
used for the calculation of the right (7.6Gy and 
11.4Gy) and left (7.56Gy and 11.7Gy) hippocampal 
doses, respectively. As a result, helical tomotherapy has 
better dose distribution than VMAT TPS (p=0,000).

When the OAR-sparing impacts were evaluated, 
VMAT delivered higher doses on lenses than helical 
tomotherapy. The maximal doses delivered were as 
follows: right lens 3.41Gy vs 10.54 Gy and left lens 
3.53Gy vs 10.19Gy for helical tomotherapy and 
VMAT, respectively. In our study for both lenses, the 
maximum and mean VMAT TPS doses were signifi-
cantly higher than helical tomotherapy (p=0,000), as 
shown by Rong et al. (24). Besides sparing the hippo-
campus on helical tomotherapy HA-PWBRT plans, 
for helical tomotherapy plan optimization, to decre-
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ase dose to OARs without making a compromise 
with the HA-PWBRT-PTV coverage, the doses to 
OARs were administered. When compared with 
VMAT TPS, statistically significant dose reductions (p 
< 0.001) to OARs were detected. Sood et al. calcula-
ted mean dose to the hippocampus as 8.4Gy, and 
the maximum dose as 15.6Gy without making a 
compromise with the WB-PTV coverage in line with 
the RTOG guidelines (18,20). Our findings showed con-
siderable dose reductions on other OARs, including 
both right and left lenses compared with VMAT TPS. 
However, in this study, VMAT TPS provided confor-
mity and dose homogeneity as those found in helical 
tomotherapy, but higher lens and hippocampal doses 
were calculated compared to helical tomotherapy 
TPS.

Gondi et al. conducted research on the effectiveness 
regarding only helical tomotherapy and the IMRT 
methods. Their findings showed that treatment 
modalities were effective for WBRT and there were 
not any differences about the effectiveness level in 
two methods (19). However, in this study, our findings 
showed that helical tomotherapy TPS was signifi-
cantly more efficacious in decreasing the minimum 
hippocampal dose than VMAT TPS. The findings 
obtained in this study are compatible with published 
research that indicated that helical tomotherapy 
indicated an enhanced potential for the selective 
sparing of tissue in comparison with VMAT TPS. 

In their study, Jiang et al. showed that 4 planning 
modalities (sIMRT, dIMRT, VMAT and Tomo) satisfied 
the RTOG 0933 protocol dose compatibility criteria 
for hippocampal sparing. Using the planning modali-
ties reported above with an acceptable mean PTV 
brain coverage (88.2%-92.6), delivery of similar mean 
doses to the hippocampi were accomplished (27). In 
our study, in the comparison of two modalities 
(VMAT and helical tomotherapy), it is seen that the 
average of minimum, mean and maximum doses 
received by both right and left hippocampal regions 
are lower in helical tomotherapy treatment planning 
system (TPS). Also, they concluded that the inner ear 
dose was reduced to Dmean ≤15Gy in all four plan-
ning modalities (27). 

The dose of the lens during cranial radiotherapy 
depends on many factors. Patient-dependent factors 

are the distance between age and lens and the late-
ral bone quantus, and treatment-related factors as 
radiation quality, total dose, patient set-up errors, 
dose rate, and radiotherapy technique. The dose 
limit is considered to be about 4-8 Gy in adults and 
is especially important in patients undergoing proph-
ylactic cranial irradiation (28,29). Adult lens may tolera-
te a total of 5 Gy in radiotherapy applied in fractions; 
50% probability is about 15 Gy, which will cause cli-
nical problems in vision. In our study, both the lens 
doses were observed , and mean and maximum 
doses lower in helical tomotherapy TPS. Statistically, 
both doses of the right (maximum dose 3,41Gy) and 
the left lenses (maximum dose 3,53Gy) reveal that, 
lens protection in helical tomotherapy TPS is signifi-
cantly superior to the VMAT TPS.

Ongoing randomized multicenter phase III trial 
(NCT02397733) performed with patients with SCLC 
to be received PCI treatment or PCI with hippocam-
pus prevention with intensity-modulated radiation 
therapy or volumetric modulated arc therapy so as 
to to assess the potential effects of PCI with hippo-
campal avoidance for the neurocognitive function 
and life quality of the patients with SCLC (30). The 
doses that were administered in their study were the 
same doses we have administered in the present 
study as follows: maximum dose was 16 Gy and the 
hippocampus optimum D100% dose was 9 Gy.

Conclusions

Our data showed that all two HA-PWBRT modalities 
(VMAT and helical tomotherapy) are likely to produ-
ce acceptable treatment plans with satisfactory PTV 
brain coverage. In this retrospective study, it has 
been found that helical tomotherapy not only pro-
tects the hippocampus better than VMAT TPS in 
HA-PWBRT but also significantly reduces lens doses.
Abbreviations 
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