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Introduction

The aim of radiotherapy is to deliver the prescribed 
dose to the target volume according to the treatment 
plan. So, effective and safe radiotherapy should be as 
accurate as possible in every stage of the treatment 
preparation and delivery process. The calculation 
of the number of MUs is an important step in the 
chain of activities leading to the fi nal stage of com-
puterized treatment plan preparation. According 
to the international recommendations, at least one 
independent verifi cation of the calculation of the 
number of MUs is required for each and every patient 
treated with external radiotherapy. There are several 
guidelines for MU calculation verifi cation [1]. The 
simplest and the fastest method of MU verifi cation 
is by using a hand-held simple PC software [2]. In 
Poland, the quality assurance (QA) of radiotherapy 
is regulated by the Regulation of the Polish Minister 
of Health [3]. The simplest method, a simple hand-
-held PC software, has usually several disadvantages, 
such as not taking into account patient geometry, 
tissue heterogeneities, the field-shaping device 
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and Oncentra MasterPlan (OMP) were compared with Wilcoxon matched-pairs signed rank test. Additionally, the 
treatment planning system (TPS) calculations were compared with dosimetric measurements performed in 
the inhomogeneous phantom. Results: Data were analysed for 6 MV plans and for 15 MV plans separately, inde-
pendently of the treatment machine. The dose values calculated in Eclipse were signifi cantly (p <0.001) higher 
compared to calculations of OMP system. The average difference of the mean dose to PTV was (1.4 ± 1.0)% 
for X6 MV and (2.5 ± 0.6)% for X15 MV. Average dose disparities at the isocenter point were (1.3 ± 1.9)% 
and (2.1 ± 1.0)% for X6 MV and X15 MV beams, respectively. The largest differences were observed in lungs, 
air cavities, and bone structures. Moreover the variation in dosimetric measurements was less as compared to 
Eclipse calculations. Conclusions: OMP calculations were introduced as the independent MU verifi cation tool 
with the fi rst action level range equal to 3.5%. 
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(MLC, blocks aperture), etc. More advanced solu-
tions available commercially are independent of the 
MU verifi cation calculation software, such as Rad-
Calc [4], DIAMOND [5] or Mobius3D [6], where 
patient geometry and beam shape are considered. 
The dose delivered to a patient can also be veri-
fi ed by different methods of in vivo dosimetry [7]. 
However, the most advanced method of dose calcula-
tion verifi cation is calculating the dose distribution 
using a second independent treatment planning 
system (TPS) as proposed by Report of AAPM Task 
Group 114 [8]. In our center, two TPSs are avail-
able, Eclipse (version 10.0, Varian) and Oncentra 
MasterPlan (version 3.3, Elekta). In our procedure, 
the 3D conformal treatment plans were prepared 
with the Eclipse system and verifi ed with the OMP. 

The main goal of this study is to present the 
comparison results of dose distribution performed 
with Eclipse and OMP. The doses calculated for 
PTV with these two systems are presented. We have 
also presented the results of dosimetric verifi cation 
of dose distribution calculations carried out with 
both systems in the inhomogeneous phantom. The 
problems in the interpretation of results were also 
discussed. 

Materials and methods

Patient data

The analysis and assessment of differences in dose 
calculations obtained with two treatment planning 
systems (TPSs) were performed for patients treated 
with 6 MV and 15 MV X-rays, respectively, in our 
radiotherapy center. The results of calculations for 
randomly selected patients were analysed in this 
study. Patients were irradiated at the following treat-
ment sites: head and neck, brain, breast, oesopha-
gus, lung, gynecology, prostate, rectum, soft tissues 
(sarcomas), and others. Further, a three-dimensional 
conformal radiotherapy (3D-CRT) plan was prepared 
for each patient. All treatment plans were delivered 
on a Varian CL 600 C/D (X6 MV) or CL 2300 C/D 
(X6 MV/X15 MV) accelerators. The differences were 
analysed for 6 MV and 15 MV energies separately. 
There were 152 plans for 6 MV beams and 128 plans 
for 15 MV beams (see Table 1). 

Computed tomography (CT) was carried out 
for each patient according to the internal protocols 
used in our hospital. Subsequently, GTV/CTV/
PTV (gross tumour volume/clinical target volume/ 
planning target volume) and organs at risk (OARs) 
were delineated on 3 mm-thick transversal slices 
for patients with brain or head and neck cancer and 
5 mm-thick transversal slices in case of other local-
izations. All structures were delineated according to 

ICRU recommendation [9, 10]. The following cases 
were analysed: 
a) head and neck: two perpendicular or oblique 

wedged fi elds, 
b) brain: non-standard geometry; two to four beams, 
c) breast: two opposed wedged beams with the 

medial fi eld border aligned to avoid irradiation 
of heart and ipsilateral lung, 

d) oesophagus: three wedged fi elds, 
e) lung: three to fi ve fi elds, some of them with 

wedges, 
f) gynecology: box technique or three fi elds (open 

anteroposterior (AP) and two lateral wedged 
fi elds), 

g) prostate, rectum: three wedged fi elds (open AP 
and two lateral wedged fi elds), and 

h) soft tissues: the non-standard geometry of beams. 
All treatment beams were set up isocentrically. 

Dose calculation algorithms and TPSs

For each patient, a 3D-CRT treatment plan was pre-
pared in the Eclipse TPS. The analytical anisotropic 
algorithm (AAA) [11] with 2.5 mm grid size was 
used for the calculation of dose distribution. Each 
treatment plan was prepared according to ICRU 
Reports no. 50 and 62 and the internal protocols 
were used for OARs. Further, the dose distribution 
in primary TPS (Eclipse) was always normalized 
to the mean dose in the PTV. Subsequently, the 
DICOM RT data were transferred to OMP, and 
the dose distribution was calculated. In the OMP, 
the collapse cone convolution (CCC) algorithm [12] 
with 2 mm cubic grid was used for the second dose 
distribution calculation. Also, the same number of 
MUs was utilized for each beam. 

Commissioning of Eclipse and OMP

Both TPSs were carefully checked prior to the fi rst 
clinical use. The input data used for modelling of 
Varian accelerators beams, the percent depth doses, 
profi les and output factors were calculated using 
water phantom for both TPSs and compared with 
the input data. The gamma method with gamma 
2 mm, 2% was used to compare percent depth doses 
and profi les. The gamma values larger than 1 were 
obtained in the build-up region and for the smallest 
beam sizes, i.e. 2 cm × 2 cm and 3 cm × 3 cm only. 
The actual CT conversion HU-electron density curve 
was entered into both systems. 

Data analysis

Data were analysed for 6 MV plans and for 15 MV 
plans separately. For each plan, the dose disparity be-
tween Eclipse and OMP calculations were expressed 
in terms of the difference between mean doses in 
the PTV and the doses at the isocenter point. The 
dose difference was calculated using the formula (1): 

Table 1. The number of analysed plans according to cal-
culation models 

Energy Number of treatment plans

X6 MV 152
X15 MV 128
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(1)

where: k – plan’s number, xE, xOMP – dose statistics 
computed with Eclipse and OMP for plan number 
k, respectively. 

Further, the mean of differences (2) and the 
standard deviation (STD) of these differences (3) 
were calculated, for each group of plans, using the 
following formulas: 

(2) 

(3) 

Note that the Wilcoxon matched-pairs signed 
rank test was used for statistical analyses of differ-
ences. The differences were considered as statisti-
cally signifi cant if p 0.001 (two-tailed). All statisti-
cal analyses were performed using SPSS software 
(version 19.0, IBM Corporation). 

Dose calculation with and without inhomogeneity 
correction

Additional calculations without inhomogeneity cor-
rection were performed for 24 plans in which the dose 
distribution was highly infl uenced by inhomogene-
ities; further, large dose differences between Eclipse 
and OMP calculations were obtained. The disparity of 
the mean dose in the PTV and dose at the isocenter 
point were computed using formulas (1), (2), and (3). 

Dosimetric measurements

The calculations of both TPSs were compared with 
measurements which were performed using the 
inhomogeneous phantom [13]. The phantom is 
presented in Fig. 1. The phantom was the solid poly-
styrene phantom of 15 cm width, 15 cm length and 
15 cm height. The physical density was 1.04 g/cm3, 
and the relative electron density to water was 1.00. 
One of the polystyrene slabs allows the positioning 

of the ionization chamber in the phantom. Phantom 
also consists of two exchangeable inhomogeneity 
slabs to mimic the bone (15 cm × 15 cm × 2 cm) and 
lung (15 cm × 15 cm × 5 cm). The measurements 
were performed with the calibrated cylindrical ion-
ization chamber TM 31010 (PTW) with a sensitive 
volume of 0.125 cm3, connected to Unidos (PTW) 
electrometer. An ionization chamber was placed at 
a physical depth of 10 cm. 

Three phantom configurations (polystyrene, 
polystyrene with lung-equivalent material, and 
polystyrene with bone-equivalent material) were 
CT scanned. All acquired images were exported to 
Eclipse TPS. During CT imaging, the ionization 
chamber slot was fi lled with solid water. Also, for 
each phantom confi guration, six various geometries 
of treatment plans were prepared (Table 2) for both 
6 MV and 15 MV photon beams. DICOM RT data 
for each plan was transferred to OMP TPS where 
dose distribution was calculated. 

After the dose calculations in Eclipse and OMP 
TPSs, irradiations of the solid phantom in three 
confi gurations were performed with Varian CL 2300 
C/D. The numbers of MUs were calculated to deliver 
2 Gy at the isocenter point. The actual output factor 
was taken into account. 

The measured doses were compared with the 
doses calculated in Eclipse and OMP for each of 
the following, namely, the phantom confi guration, 
energy, and geometry of the treatment plan. The 
comparison was performed using the equation: 

(4)

where: xTPS – dose computed by treatment planning 
system, xMEASUREMENT – measured dose. 

Results

Tables 3 and 4 present the differences between the 
mean dose to the PTV and dose to isocenter calcu-
lated with Eclipse and OMP for 6 MV and 15 MV 
beams. The results are given separately in terms of 
the mean value ± standard deviations of differences 
for each type of energy. The distributions of these 
differences are presented in Figs. 2 and 3. 

Table 5 presents the differences between mean 
doses and doses to isocenter calculated in both sys-
tems for 24 plans in which inhomogeneities highly 
infl uenced on dose distribution. The mean doses 
and the doses to isocenter were calculated for both 
with and without inhomogeneity correction. If inho-
mogeneity correction was applied, the mean values 
of differences exceeded 1% and 2% for 6 MV and 
15 MV beams, respectively. However, if inhomogene-
ity correction was not applied for 6 MV beams, the 
mean value differences between the mean doses to 
the PTV, and doses to isocenter, was smaller than 
0.5%. Also, for 15 MV beams, these differences were 
also smaller with inhomogeneity correction. 

Table 6 presents the comparison of doses mea-
sured using the phantom and calculated in both 
TPSs. For Eclipse system, the differences measured 
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with homogenous polystyrene phantom and with 
polystyrene phantom under lung and bone inhomo-
geneity are found to be 2%. The largest differences 
were obtained for bone. Much smaller differences 

were obtained for the OMP system. For the OMP, 
the discrepancies between measurements and calcu-
lations were smaller than 1%, except in three cases 
for X6 MV and three cases for X15 MV. 

Table 3. Differences between Eclipse and OMP calculations of mean doses to the PTV

Energy Cases Average (%) ± STD (%) Range (%) p-value (p 0.001) 

X6 MV 152 1.4 ± 1.0 –3.4, 6.0 0.0
X15 MV 128 2.5 ± 0.6 –0.2, 4.5 0.0

Table 4. Differences between Eclipse and OMP calculations of dose to isocenter

Energy Cases Average (%) ± STD (%) Range (%) p-value (p <0.001) 

X6 MV 152 1.3 ± 1.9   –2.7, 10.6 0.0
X15 MV 128 2.1 ± 1.0 –0.7, 5.6 0.0

Table 5. Statistical summary of differences between Eclipse and OMP calculation with and without inhomogeneity 
correction

Energy Plans Average (%) ± STD (%) Range (%) p-value (p <0.001) 

Mean dose with inhomogeneity correction
X6 MV 24 1.3 ± 0.5 0.1, 2.1 0.000
X15 MV 24 2.6 ± 0.6 1.6, 4.5 0.000

Dose at isocenter with inhomogeneity correction
X6 MV 24 1.1 ± 1.5 –1.0, 6.8 0.000
X15 MV 24 2.2 ± 1.1   0.4, 5.2 0.000

Mean dose without inhomogeneity correction
X6 MV 24 0.4 ± 0.4 –0.8, 1.0 0.000
X15 MV 24 1.0 ± 0.3   0.5, 1.6 0.000

Dose in isocenter without inhomogeneity correction
X6 MV 24 0.2 ± 0.7 –1.0, 2.4 0.110
X15 MV 24 0.5 ± 0.9 –2.1, 2.8 0.001

Table 2. Geometries of treatment plans used for measurements

No. Number 
of fi elds

Gantry 
directions

Size of fi eld 
(cm × cm) Wedge Shape 

of fi eld

Polystyrene
  1 1 0 3 × 3 None square
  2 1 0 8 × 8 None square
  3 3 0, 90, 270 8 × 8, 8 × 8, 8 × 8 None square
  4 3 0, 70, 290 8 × 8, 8 × 8, 8 × 8 None circular
  5 3 0, 70, 290 8 × 8, 8 × 8, 8 × 8 none, 45 L, 45 R circular
  6 3 0, 70, 290 8 × 8, 8 × 8, 8 × 8 none, 45 OUT, 45 IN circular

Polystyrene with bone equivalent material
  7 1 0 3 × 3 None square
  8 1 0 8 × 8 None square
  9 3 0, 90, 270 8 × 8, 10 × 8, 10 × 8 None square
10 3 0, 45, 315 8 × 8, 9.5 × 8, 9.5 × 8 None circular
11 3 0, 45, 315 8 × 8, 9 × 8, 9 × 8 none, 45 L, 45 R circular
12 3 0, 45, 315 8 × 8, 8 × 9, 8 × 9 none, 45 OUT, 45 IN circular

Polystyrene with lung equivalent material
13 1 0 3 × 3 None square
14 1 0 8 × 8 None square
15 3 0, 90, 270 8 × 8, 9.5 × 8, 9.5 × 8 None square
16 3 0, 50, 310 8 × 8, 9 × 8, 9 × 8 None circular
17 3 0, 60, 300 8 × 8, 9 × 8, 9 × 8 none, 45 L, 45 R circular
18 3 0, 50, 310 8 × 8, 8 × 9, 8 × 9 none, 45 OUT, 45 IN circular
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Fig. 2. Frequency histograms of differences between Eclipse and OMP calculations of mean doses to the PTV for 6 MV 
(a) and 15 MV (b). 

Fig. 3. Frequency histograms of differences between Eclipse and OMP calculations of doses to isocenter for 6 MV (a) 
and 15 MV beams (b). 

Table 6. The discrepancy between Eclipse and OMP calculations and measurements for various beams geometry

No.
X6 MV X15 MV

MEASUREMENT (%) MEASUREMENT (%) MEASUREMENT (%) MEASUREMENT (%)

Polystyrene phantom
  1 2.2   0.3 2.2   0.8
  2 2.2 –0.5 2.8 –0.4
  3 2.0   0.2 3.0   0.4
  4 2.4   0.4 2.8   0.1
  5 2.1 –0.1 2.1 –0.3
  6 2.1 –0.1 2.3 –0.4

Polystyrene with bone equivalent material
  7 2.5   1.4 2.5 1.4
  8 2.3   0.5 3.6   0.8
  9 2.6   0.6 2.6 –0.1
10 2.8   0.8 4.0   1.3
11 2.8   0.8 3.5   1.0
12 2.4   0.6 3.4   0.8

Polystyrene with lung equivalent material
13 2.9   1.3 1.5   0.7
14 3.3 –0.3 3.1 –0.4
15 1.7 –0.2 2.3 –0.2
16 2.9   1.4 2.9   0.8
17 1.8   0.6 2.2   0.3
18 1.6   0.2 2.3   0.2

ECLIPSE ECLIPSEOMP OMP

a                                                             b

a                                                             b
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Discussion

The independent verifi cation of the MU calculation 
for 3D-CRT plan is recommended or even required 
by law. In our center, verifi cation is performed by 
comparing the dose distribution calculations carried 
out with Eclipse and with OMP. Further, the com-
parison results are presented for 6 MV and 15 MV 
beams, separately. Also, the mean doses to the PTV 
and the doses to isocenter are compared. 

On the average, the mean doses to the PTV calcu-
lated with Eclipse were larger than those calculated 
with OMP of 1.4% and 2.5% for 6 MV and 15 MV 
beams, respectively. Similar results were obtained 
for the doses to isocenter. A very similar result was 
obtained for the differences of dose to isocenter 
(Fig. 3), but the dispersion of differences is larger 
for the dose to isocenter than for the mean dose 
i.e., 1.9% vs. 1.0% for 6 MV and 1.0% vs. 0.6% for 
15 MV. All the differences were statistically signifi -
cant. The variations obtained between both systems 
were smaller than 3.5% for almost all plans in the 
mean doses for 6 MV. For 15 MV beams, these dis-
crepancies were larger than 3.5% in 30 out of 128 
plans. As for the doses to isocenter, for 6 MV and 
15 MV beams, those discrepancies which amounted 
to larger than 3.5% were observed for 25 plans 
and 11 plans, respectively. Before getting the results 
published in this work, the 3.5% discrepancy has 
been treated as the fi rst action level. According to 
our rules, when the discrepancy amounts to larger 
than 3.5%, the case should be analysed carefully. 
Next, since this large discrepancy could not be ex-
plained, the procedure used for intensity modulated 
radiation therapy (IMRT) plans was followed. The 
verifi cation plan was prepared and measured with 
Octavius dosimetry system (PTW). The results of 
measurements did not all exceed the action level. 

After getting the results obtained in this work, 
the fi rst action level was changed to the range of 
(–1.5%, 5.5%). Our decision is based on the com-
parison of calculations and measurements in the 
inhomogeneous phantom. The calculation doses 
performed with Eclipse were systematically larger 
than the measurements of about 2–3% for both en-
ergies, while for OMP, these differences were much 
smaller. These results were in a sense consistent 
with the differences of calculations obtained for 
patients with both systems. The dose calculated in 
the OMP was almost always smaller on the average 
of 1.5% than in Eclipse. Also, we want to stress that, 
for both systems, comparisons of calculations and 
measurements carried out in a water phantom for 
many different sizes of beams and geometries pro-
vided an excellent result. The conclusion has been 
drawn that for Eclipse, the discrepancy between 
calculations and measurements has been the result 
of inhomogeneity correction. This conclusion is 
substantiated by using the results of the comparison 
obtained for 24 plans for which we performed the 
comparison again with and without inhomogeneity 
correction. When the inhomogeneity correction is 
switched off, the discrepancy between both systems 
is decreased by about 1% on an average. There 

might be at least two reasons for these discrepancies 
which were obtained for inhomogeneity. The fi rst 
source of wrong calculations might be the erroneous 
HU-electron density curve used for performing 
calculations. The HU-electron density curve was 
measured, and we did not fi nd any differences be-
tween the curve entered into the systems and the 
measured curve. The second reason might be the 
unique algorithms implemented for inhomogeneity 
calculations in the TPSs. The user has no infl uence 
on the algorithm used in the system. 

According to recommendations, calculations 
should be checked for the number of MUs. The easi-
est way is to calculate the dose distribution or the 
number of MUs with another software. It is worth 
noting that this procedure may be unreliable and 
may lead to wrong decisions. Both programs may 
calculate the dose distribution with an error. Both 
systems may deliver the number of MUs as being 
larger or smaller than the correct ones. Subsequently, 
the user may receive the false positive results when 
comparing the results obtained with both systems. If 
one system calculates a larger number of MUs while 
the second system calculates a smaller number, the 
user may obtain a false negative result. Therefore, 
prior to using any program, it should always be 
validated. The validation should be carried out by 
the comparison of measurements and calculations. 
It is relatively easy to make measurements in the 
homogeneous phantom. It is much more diffi cult 
to perform measurements in the inhomogeneous 
phantom. Nevertheless, such an effort should always 
be made. The results of our measurements have re-
vealed that the calculations carried out in the OMP 
are slightly more trustworthy. Consequently, we have 
decided to change the action level region. 

Conclusions

The MU calculations have been verifi ed with two 
different 3D TPSs, but the calculations carried out 
with these systems always require to be validated. 
The defi nition of the action level should account 
for the results of verifi cation of the accuracy of calcu-
lation of each TPS. A verifi cation procedure should 
also be performed in the inhomogeneous phantom. 
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