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OBJECTIVE
There may be differences between optimized dose distributions and calculated dose distributions 
in the treatment planning system. The intermediate dose calculation (IDC) module, which was de-
veloped to eliminate this difference, provides better dose distribution, especially in inhomogeneous 
structures such as the lung. In the study, it was aimed to investigate the effect of IDC module for 
esophagus cancer patients.

METHODS
The treatment plans were prepared with the volumetric modulated arc technique (VMAT), with and 
without IDC module, for ten thoracic and ten abdominal esophagus patients. The conformity index 
(CI), homogeneity index (HI) values, and critical organ doses obtained from the dose volume histo-
grams of the prepared plans were compared.

RESULTS
The treatment plans created with IDC module give better results for CI and HI values. Especially in 
patients with thoracic esophagus where inhomogeneity is more intense due to the presence of the lungs, 
it has been observed that the IDC module provides a more significant decrease in CI (1.256±0.042 vs. 
1.233±0.038, p=0.009) and HI (0.126±0.014 vs. 0.086±0.018, p=0.005) values. Heart V30, Spinal Cord 
Dmax, and D1cc values were found to be significantly lower.

CONCLUSION
The use of IDC module in VMAT treatment plans of esophagus cancer patients improves the plan quality.
Keywords: Esophagus; intermediate dose calculation module; volumetric modulated arc technique.
Copyright © 2022, Turkish Society for Radiation Oncology

Introduction

Esophageal cancer (EC), constituting 1% of all cancer 
types, is a type of cancer, in which 482,300 cases are re-
ported worldwide every year. Despite its high mortal-
ity, it constitutes 7% of gastrointestinal system tumors 
and its incidence is lower compared to other malignan-

cies. The high mortality rate carries EC to the 6th place 
among the most common causes of death.[1-3] While it 
is mostly seen in the Eastern Anatolia Region in Turkey, 
Iran, Korea, Japan, China, and South Africa which are 
among the countries, where EC is most common. Exces-
sive hot beverage consumption, alcohol use, and smok-
ing are considered important risk factors for EC.[3,4]
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and without IDC module were evaluated in terms of 
dose-volume metrics, conformity index (CI), and ho-
mogeneity index (HI).

Materials and Methods

Image Data Acquisition
A total of 20 patients with EC, including ten abdomi-
nal and ten thoracic esophagus patients, who received 
radiotherapy in Istanbul University Oncology Institute 
included in this study. Patients were set up in supine 
position with their arms over their heads using a wing 
board. The patients’ computed tomography (CT) im-
age data sets were acquired with 3 mm slice thickness 
using a Philips Big Bore Brilliance CT scanner. 3DCT 
image set of 20 patients were transferred to the Varian 
Eclipse v15.6 TPS for both contouring and planning.

Delineation of Target Volume and OARs
CT, MRI, and PET-CT were used to delineate the tar-
get volume by radiation oncologist and radiologist. The 
target volume and OARs were contoured on the plan-
ning CT by same radiation oncologist. The clinical tar-
get volume (CTV) included the esophageal tumor, with 
a margin for microscopic tumor extension, and the 
adjacent lymph nodes. For the PTV, a 3-dimensional 
margin of 5 mm was added to the CTV to account for 
the variability in patient setup, uncertainty in target 
definition, and organ motion. The lungs, heart, spinal 
cord, kidneys, and liver were also delineated on the CT 
image set as OARs. Target and OAR were delineated 
according to report ICRU 83.[13]

Treatment Planning and Dose Prescription
The treatment plans for abdominal and thoracic esoph-
agus patients were created using VMAT technique in 
the Varian Eclipse v15.6 TPS by same medical physi-
cist. All plans were generated using 6 MV photon 
beams from a Varian Trilogy Linac equipped with a 
Millennium 120-leaf MLC. The prescription dose to 
PTV was 5040 cGy with 180 cGy/fraction. Dose cal-
culation was carried out with AAA using a calculation 
grid of 2.5 mm for all treatment plans.

The treatment plans were prepared with two full 
arc; the gantry angles were adjusted between 181.0° 
and 179.0° clockwise for the first arc and between 
179.0° and 181.0° counter clockwise for the second arc. 
The couch angle is set to 0°. The collimator angle was 
defined 30° for first arc and 330° for second arc. The 
dose rate was chosen as 600 MU/min. First, the plan 
optimization was performed based on dose-volume 

The choice of treatment modality for EC depends on 
the stage of the disease. Although surgery is a curative 
treatment option for EC,[4,5] it cannot be performed 
because most patients are diagnosed at advanced stage. 
Therefore, radiotherapy is a good approach in the treat-
ment of EC.[6] The main purpose of radiotherapy is to 
protect the healthy tissues around the target volume at 
the maximum extent, while providing a homogeneous 
dose distribution in the target volume.[6,7] Thanks to 
the developing technology, volumetric modulated arc 
therapy (VMAT) technique, which aims to protect 
healthy organs better than conventional planning tech-
niques, has been developed. This technique is an im-
proved form of the intensity modulated radiotherapy 
(IMRT) technique. In VMAT technique, the dose rate, 
the positions and speeds of the multi-leaf collimators 
change, and the gantry can rotate 360° around the pa-
tient. The treatment delivery time in VMAT is shorter 
compared to IMRT.[7,8]

The treatment planning systems (TPS) employ 
the algorithms for optimization and dose calculation. 
First, the optimization is carried out by algorithms 
that optimize the dose distributions according to the 
pre-set dose constraints of the target and organs at risk 
(OARs). These optimization algorithms are used to de-
termine the combination of field shapes and segment 
weights which achieve the desired planning. Eclipse 
TPS used separate optimizers with dose-volume opti-
mizer for IMRT and progressive resolution optimizer 
for VMAT. Recently, the photon optimizer algorithm 
has been introduced for VMAT and IMRT optimiza-
tion generated by the dose-volume histogram (DVH) 
estimation model.[9,10] The final dose distribution is 
calculated using the more accurate analytical aniso-
tropic algorithm (AAA), which has been shown to be 
superior in dose calculation for heterogeneous media 
and small fields.[11]

In the radiation therapy planning process, the final 
dose calculation obtained by IMRT or VMAT technique 
differs from the optimal DVH obtained by the optimiza-
tion process. An intermediate dose calculation (IDC) 
module has been developed to solve this problem. IDC 
module ensures the creation of the optimal plan by con-
tinuously optimizing to obtain the desired DVH in line 
with the dose-volume criteria determined by the user.
[11,12] There are few studies showing the effect of the 
IDC module on the plan quality during optimization.

In this study, it was aimed to investigate the effect 
of using the IDC module during the optimization of 
VMAT on plan quality for ten thoracic and ten abdom-
inal EC patients. VMAT treatment plans created with 
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constraints without IDC module and dose distribution 
was calculated using AAA. OARs dose limits based 
on the recommendations of the Quantitative Analyses 
of Normal Tissue Effects in Clinic are given in Table 
1.[14] This plan was saved as an original plan. Then, 
the original plan was re-optimized with same opti-
mization parameters with IDC module. Dose calcula-
tion was made with same dose calculation algorithm. 
This planning process was carried out for 20 patients. 
The plan normalization was made that 95% of the PTV 
received 50.4 Gy.

The DVHs of VMAT plans with and without IDC 
module for one abdominal and one thoracic esophagus 
patient are shown in Figures 1 and 2, respectively.

Dosimetric Evaluation
To evaluate the quality of plans, CI value was calculated 
using Equation (1);

CI=
 VTV×VTIH 

(1)
 (PTVPIH)2

VHV represents the PTV volume, VTIH represents the 
volume of the 95% isodose line, and PTVPIH represents 
the target volume covered by the 95% isodose line.
[15,16] Plans with a CI=1 are ideal plans. D2% (near-
maximum), D98% (near-minimum), and D50% (me-
dian dose) for PTV were recorded through DVH. HI 
was calculated by the following Equation (2) based on 
ICRU 83.[13]

HI=
 (D2-D98) 

(2)
 D50

where, D2 represents the dose received by 2% of PTV, D98 
represents the dose received by 98% of PTV, and D50 rep-
resents the dose received by 50% of PTV.[13] The ideal 
value of HI is 0. Lower values of HI indicate a more homo-
geneous dose distribution. As critical organs, lung-PTV 
(V5,V10,V20, and Dmean), heart (Dmean and V30), liver (Dmean), 
bilateral kidney (Dmean, V12,V20,V23, and V28), and spinal 
cord (Dmax and D1cc) doses were evaluated. Furthermore, 
MU values were compared.

Statistical Analysis
Statistical analysis was performed in the SPSS (version 
22.0) program. As the statistical comparison method, Wil-

Table 1 Dose limits for OARs

OAR Dose constraint

Lung-PTV V20 <20%
Heart V30 <45%
 Mean <26 Gy
Liver Mean <30-32 Gy
Bilateral kidney V12 <55%
 V20 <32%
 V23 <32%
 V28 <20%
 Mean <15-18 Gy
Spinal cord Dmax <45Gy
 D1cc <50 Gy

OAR: Organs at risk; PTV: Planning target volume; Gy: Gray

Fig. 1. The dose-volume histogram of volumetric modulated arc technique plans with and without intermediate dose 
calculation module for one abdominal esophagus patient.

 PTV: Planning target volume; IDC: Intermediate dose calculation; Gy: Gray.
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Evaluation of PTV and OARs Doses in Thoracic 
EC Patients
For thoracic EC patients, D2, D98, Dmean, CI, and HI values 
for PTVs in the plans created using AAA v15.6 with and 
without IDC module are given in Table 4. The MU val-
ues of the plans are also shown in Table 4. The lung-PTV 
(V5,V10,V20, and Dmean), heart (Dmean and V30), and spinal 
cord (Dmax and D1cc) dose values in plans created using 
AAA v15.6 with and without IDC module for thoracic 
EC patients are given in Table 5.

Discussion

Radiotherapy plays a predominant role within multi-
modal treatment concepts for ECs due to protecting 
esophageal shape and function.[16,17] In recent years, 

coxon-Signed Rank Test was used due to the small sample 
size. P<0.05 value was considered statistically significant.

Results

Evaluation of PTV and OARs Doses in Abdominal 
EC Patients
For abdominal EC patients, D2, D98, Dmean, CI, and HI 
values for PTVs in the plans created using AAA v15.6 
with and without IDC module are given in Table 2. 
The MU values of the plans are also shown in Table 2. 
The lung-PTV (V5,V10,V20, and Dmean), heart (Dmean and 
V30), liver (Dmean), bilateral kidney (Dmean, V12,V20,V23, 
and V28), and spinal cord (Dmax and D1cc) dose values in 
plans created using AAA v15.6 with and without IDC 
module for abdominal EC patients are given in Table 3.

Table 2 PTV doses of patients with abdominal esophageal cancer

 AAA without IDC AAA with IDC p* 
   AAA without IDC 
   versus AAA with IDC

D98(cGy) 4884±28 4912±23 0.070
D2 (cGy) 5433±67 5361±50 0.005
Dmean (cGy) 5274±49 5240±40.0 0.012
CI 1.184±0.037 1.170±0.036 0.008
HI 0.103±0.015 0.085±0.012 0.005
MU 426±45 415±44 0.005

p*: P<0.05 represents statistical significance. Data are presented as mean with SD. PTV: Planning target volume; AAA: Analytical anisotropic algorithm; IDC: 
Intermediate dose calculation; Gy: Gray; CI: Conformity index; HI: Homogeneity index; MU: Monitor unit

Fig. 2. The dose-volume histogram of volumetric modulated arc technique plans with and without intermediate dose 
calculation module for one thoracic esophagus patient.

 PTV: Planning target volume; IDC: Intermediate dose calculation; Gy: Gray.
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Table 3 OARs doses of abdominal EC patients

OARs doses AAA without IDC AAA with IDC p* 
   AAA without IDC 
   versus AAA with IDC

Lung-PTV V5 (%) 40.3±12.4 40.1±12.4 0.031
Lung-PTV V10 (%) 27.0±10.5 27.0±10.3 0.074
Lung-PTV V20 (%) 7.5±4.0 7.5±4.0 0.414
Lung-PTV Dmean (cGy) 677±207 674±206 0.047
Heart Dmean (cGy) 1420±305 1415±304 0.203
Heart V30 (%) 9.7±2.9 9.7±2.9 0.317
Liver Dmean (cGy) 1810±416 1823±419 0.009
Bilateral kidney Dmean (cGy) 500±214 507±217 0.005
Bilateral kidney V12 (%) 10.4±8.0 10.6±8.2 0.057
Bilateral kidney V20 (%) 2.9±3.5 3.0±3.6 0.071
Bilateral kidney V23 (%) 2.0±2.8 2.1±2.8 0.023
Bilateral kidney V28 (%) 1.2±2.0 1.2±2.1 0.034
Spinal cord Dmax (cGy) 3494±421 3518±438 0.285
Spinal cord D1cc (cGy) 3257±394 3257±413 0.086

p*: P<0.05 represents statistical significance. Data are presented as mean with SD. OAR: Organs at risk; EC: Esophageal cancer; AAA: Analytical anisotropic algo-
rithm; IDC: Intermediate dose calculation; PTV: Planning target volume; Gy: Gray

Table 4 PTV doses for thoracic esophagus patients

PTV doses AAA without IDC AAA with IDC p* 
   AAA without IDC 
   versus AAA with IDC

D98(cGy) 4905±24 4940±17 0.005
D2 (cGy) 5587±75 5399±89 0.005
Dmean (cGy) 5373±49 5260±80 0.005
CI 1.256±0.042 1.233±0.038 0.009
HI 0.126±0.014 0.086±0.018 0.005
MU 415 ±59 398±55 0.005

p*: P<0.05 represents statistical significance. Data are presented as mean with SD. PTV: Planning target volume; AAA: Analytical anisotropic algorithm; IDC: 
Intermediate dose calculation; Gy: Gray; CI: Conformity index; HI: Homogeneity index; MU: Monitor unit

Table 5 OAR doses of thoracic esophagus patients

OAR doses AAA without IDC AAA with IDC p* 
   AAA without IDC 
   versus AAA with IDC 

Lung-PTV V5 (%) 86.6±12.1 86.8±12.0 0.051
Lung-PTV V10 (%) 69.3±19.1 69.6±19.0 0.208
Lung-PTV V20 (%) 15.6±5.7 15.2±5.6 0.020
Lung-PTV Dmean (cGy) 1354±273 1353±272 0.475
Heart Dmean (cGy) 1623±424 1611±410 0.445
Heart V30 (%) 11.2±6.0 10.9±5.5 0.024
Spinal cord Dmax (cGy) 3281±470.8 3200±507 0.013
Spinal cord D1cc (cGy) 2971±470 2901±484 0.005

p*: P<0.05 represents statistical significance. Data are presented as mean with SD. OAR: Organs at risk; AAA: Analytical anisotropic algorithm; IDC: Intermediate 
dose calculation; PTV: Planning target volume; Gy: Gray
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clinical studies have shown that IMRT and VMAT-
based techniques are better than conventional 3-di-
mensional conformal radiation therapy with respect 
to improved PTV coverage and OARs sparing in the 
treatment of ECs.[18,19]

The treatment plans using IMRT and VMAT tech-
niques are associated with a precise target volume 
and minimized side effects due to enhanced protec-
tion of the normal organ, but not always as desired. It 
requires the development of optimization algorithms 
used to reach an effective treatment plan in the opti-
mization process. For this purpose, an intermediate 
dose option has been developed in the Eclipse TPS. 
In this study, it was aimed to investigate the effect of 
using the IDC module during the optimization of 
VMAT on plan quality for ten thoracic and ten ab-
dominal EC patients.

When the data obtained at the end of the study 
were examined, CI and HI parameters were found to 
be significantly lower in treatment plans which opti-
mized with IDC module for both abdominal and EC 
patients. In addition to these, D2, Dmean, and MU pa-
rameters of PTVs also showed improvement. In addi-
tion to these, in the presence of IDC module, spinal 
cord Dmax value was found to be 3200±507 cGy for 
thoracic esophagus patients. It was 3281±470.8 cGy 
in plans without IDC module.

Akbaş et al.[20] investigated the dosimetric im-
pact of IDC on heterogeneous region radiotherapy 
planning. In their study, the treatment plans were cre-
ated using AAA with and without IDC for 12 patients 
with maxillary sinus cancer patients. In this study, 
they reported that the HI and CI values were 0.090 
and 1.142 and 0.067 and 1.055 for plans generated 
using AAA v15.1 without IDC and AAA v15.1 with 
IDC, respectively.

Kan et al.[21] reported that there was no difference 
according to the application of IDC in their phantom 
study. However, the authors used VMAT technique and 
evaluated the results according to application of an air 
cavity correction option simultaneously with the inter-
mediate dose option. Li et al.[11] examined the effect 
of the IDC module on PTV and OAR using the IMRT 
technique for 11 lung cancer patients. They found that 
the HI and CI value of 0.12±0.04 and 0.59±0.11 and 
0.08±0.03 and 0.69±0.10 for plans optimized with and 
without IDC module, respectively. In addition, Dmax of 
the spinal cord was found to be 29.10±10.49 Gy and 
31.39±9.71 Gy for plans optimized with and without 
IDC module, respectively. These results show positive 
parallelism with our study.

When the results of our study were evaluated, the 
use of the IDC module in the AAA algorithm improved 
HI and CI in the plans of patients with abdominal and 
thoracic EC patients. Some of the critical organ doses 
improved. In abdominal esophagus cancer irradia-
tions, lung-PTV (V5), lung-PTV (Dmean), liver (Dmean), 
kidney (Dmean), kidney (V23), and kidney (V28) doses are 
improved, while in thoracic esophagus cancer irradia-
tions, lung-PTV (V20), heart (V30), spinal cord (Dmax), 
and spinal cord (D1cc) doses were reduced.

Conclusion

As a result of this study, it has been observed that the 
use of the IDC module during VMAT optimization for 
abdominal and thoracic esophagus cancer patients in-
creased the quality of the plan and provided a slight 
improvement in critical organ doses.
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