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Abstract 
Purpose: The aim of this study is to investigate the effect of changing phantom thickness on high dose region of interest 
(HD_ROI) and low dose ROI’s (LW_ROI’s) doses during helical radiotherapy (RT) by utilizing Adaptive RT (ART) 
technique. 
Materials and Methods: The cylindrical phantom (CP) is wrapped with different thickness boluses and scanned in the 
kilovoltage computed tomography (KVCT). HD_ROI and LW_ROI’s were created in contouring system and nine same 
plans (1.8 Gy/Fr) were made with images of different thicknesses CP. The point dose measurements were performed 
using ionization chamber in Helical Tomotherapy (HT) treatment machine. For detecting thickness reduction effect, CP 
was irradiated using bolus-designed plans and it was irradiated using without bolus plan. The opposite of this scenario 
was applied to determine the thickness increase. KVCT and megavoltage CT (MVCT) images were used for dose 
comparison. The HT Planned Adaptive Software was used to see the differences in the planning and verification doses 
at dose volume histograms (DVH).  
Results: Point dose measurements showed a 4.480% dose increase in 0.5 cm depth reduction for HD_ROI. These 
differences reached 8.508% in 2 cm depth and 15,279% in 5 cm depth. At the same time, a dose reduction of 0.665% 
was determined for a 0.5cm depth increase, a dose reduction of 1.771% was determined for a 2 cm depth increase, a 
dose reduction of 5.202% was determined for a 5 cm depth increase for the HD_ROI. The ART plan results show that 
the dose changes in the HD_ROI was greater than the LW_ROI’s. 
Conclusion: Phantom thicknesses change can lead to a serious dose increase or decrease in the HD_ROI and 
LW_ROI’s. 
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Introduction 

Anatomical changes during radiotherapy (RT) are very 
common [1]. Dosimetric differences may occur between the 
planned site and the irradiated site, especially for prolonged 
treatment [2]. Weight loss or gain, swelling due to biliary 
movements, possible postoperative edema, changes in 
respiration-induced motion and positional changes can lead to 
contour changes. This change in distance between the skin and 
the treatment area also leads to a changing in dose 
homogeneity [3,4]. The changes in the anatomy affect on the 
shape of the distribution of the delivered dose and result in 
potential differences between treatment doses and planned 
doses [5,6]. 
 Changes in body contour during RT can affect the dose 
distribution in the tumor and critical organs, which can be a 
cause of recurrence or late toxicities [7,8]. All these changes 
during treatment may be clinically relevant [9] and these can 
result in the need to recalculate treatment plan to obtain actual 

dose distribution [10-12]. Such dosimetric problems can be 
easily observed with the developing technology [13]. 
 Helical tomotherapy (HT) (TomoTherapy Inc, Madison, WI) 
is an RT device that features image-guided RT (IGRT) through 
a linear accelerator and helical megavoltage computer 
tomography (MVCT) scanner [14,15]. HT machine combines a 
straight 6 MV linear accelerator mounted on a ring gantry with 
CT technology for image-guided intensity-modulated radiation 
therapy (IG-IMRT) treatment [16-18]. IG-IMRT allows 
verification of patient positioning, target, tumor/organ 
registration to assess internal motion (geometric shift, and 
shape/volume changes), and reconstruction of delivered dose 
[19]. The IG process is performed in two steps: (i) patient 
positioning, MVCT scan, automatic fusion (registration) of the 
planning KVCT (ii) an inspection by the radiation therapists of 
the resulting match as per instructions of the treating physician 
and manual correction shifts [20]. 
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The IGRT method has no potential to correct organ movement, 
setup failures, correct organ movement, correct potential 
changes in the dose, patient contour change or dosimetric 
errors. So adaptive radiotherapy (ART) has developed to 
overcome similar problems. ART is required in the fractions 
after initiation of treatment and the patient first-day treatment 
plan may be replaced by ART [21-23]. Daily recorded MVCT 
images were the basis of ART [24,25]. The MVCT scan 
contrast is linear with respect to the electron density of material 
imaged. This significant result demonstrated that the MVCT 
images are suitable for RT dose calculations in addition to IG 
of patient position [5,25]. ART involves replanning and 
repeated imaging during the course of treatment [23]. ART 
permits verification of target and critical organs registration, 
patient positioning to assess internal motion volume changes, 
geometric shift and it could be applied to reduce dose to critical 
organs and eventually to improve quality of life [26-28]. 
 In this study, dosimetric changes due to CP thickness 
variation using bolus method at mid-site high dose region of 
interest (HD_ROI) and low dose region of interests 
(LW_ROI1, LW_ROI2, and LW_ROI3) were analyzed using 
point dose measurements and ART software planning. In fact, 
volumetric changes in patients under normal conditions are 
typically asymmetric, not symmetric. This situation was 
ignored in the study. A visual simulation experiment was tried 
to be made and it was tried to show the importance of the 
potential volumetric change effect of the dose. 
 

Materials and Methods 

Phantom preparation and volume definition 
The water equivalent cylindrical (cheese) phantom is (CP) used 
for the delivery quality assurance (DQA) in HT device. HT 
(Accuray, Madison, WI) cheese phantom is a cylinder of 15 cm 
in radius and 15 cm in length. (Figure 1). The CP is made up 
of two equal parts. It has along the other direction a series of 
holes for placing ion chambers. The distance between the holes 
is 1cm (one hole is set 0.5 cm from the central) and allows 
ionization chambers for point measurements. In this study, 
point dose measurements were made using an ion chamber. 
Ion-chamber measurements can be performed at the same time 
by considering both the coronal and sagittal plane. 
 The bolus is a soft, resilient and approximating tissue-
equivalence material which is used for increasing a CP 
thickness. In this study, Super flap Bolus Material (Density: 
1.02 g/cm³) is used. The CP wrapped with different thickness 
boluses (0, 0.5, 1, 1.5, 2, 2.5, 3, 4 and 5 cm), the ion chamber 
was placed in a hole 0.5 cm below the center of CP and it was 
scanned with a 3 mm slice width in KVCT. All images 
obtained were transferred via network to a workstation for 
contouring. Four circular volumes were drawn on all KVCT 
images of CP. The HD_ROI and LW_ROI1, LW_ROI2 and 
LW_ROI3 were created in Focal contouring system (v. 4.62). 
The HD_ROI was a circle of 3 cm in radius and 474.18 cm3, 

LW_ROI1 was a circle of 1.5 cm and 117.03 cm3, LW_ROI2 
was a circle of 42 cm and 116.98 cm3 and LW_ROI3 was a 
circle of 1.5 cm and 208.98 cm3. The center of HD_ROI was 
placed 15.5 cm deep in the center of the CP. LW_ROI1 was 
placed under the target, LW_ROI2 was placed to the left of the 
HD_ROI, and LW_ROI3 was placed to the top of the HD_ROI 
(Figure 1). 
 

TomoTherapy Treatment Planning 
Dose calculations were made with HT (Accuray Inc., Madison, 
USA) planning system using a field width of 2.5 cm, pitch of 
0.3 on a fine calculation grid, and a modulation factor of 2; 
final dose calculations were set to be completed after 30 
iterations for each different thickness CP images. The HD_ROI 
was planned to receive 45 Gy in 25 fractions (1.8Gy/Fr). Nine 
same plans were created of different thicknesses CP images. 
The delivery quality assurance (DQA) plans were made in the 
DQA planning station of HT and the point doses of the hole set 
0.5 cm below from the central of CP were recorded. 
 

Dosimetric Measurement 
The CP was positioned into the HT treatment couch. The point 
dose measurements were performed using 0.057 cm3 Exradin 
A1SL (Standard Imaging, Inc., Middleton, WI, USA) 
ionization chamber. The ionization chamber inserted on 0.5 cm 
below the center of CT and positioned in the sagittal direction. 
It was connected to an eight channel electrometer 
(TomoElectrometer, Standard Imaging Inc., Madison, WI, 
USA). TomoElectrometer was used to supply ionization 
chamber voltages and provide readings. MVCT images were 
taken before treatment to determine the position of the CP. 
MVCT images were matched against the planning KVCT 
images. This method provided to minimize the dosimetric 
uncertainties. 
 

 

Figure 1. The cheese phantom wrapped with 1.5 cm bolus. Axial 
and saggital view of HD_ROI and LW_ ROI’s and planning lines. 
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The CP was irradiated with no-bolus to determine thickness 
reduction differences using bolus-designed plans. In addition, 
the CP was irradiated with different thick boluses to determine 
thickness increase differences using no-bolus planning. All 
measurement data were recorded and measurements were 
corrected by daily pressure and temperature. Calculated data 
was obtained as Gray (Gy) (Table 1). 
 

Planned Adaptive Radiotherapy 
ART Software (TomoTherapy Inc, Madison, WI) was used to 
calculate HD_ROI and LW_ROI’s doses for each different 
thickness KVCT and MVCT images of CP. The initial plan 
was compared with the irradiation plans obtained at different 
thicknesses. Eight planning scenarios were compared: 
(1) 0.5 cm bolus thickness irradiation plan, evaluated with 

the no-bolus initial plan of dose volume histograms 
(DVH); 

(2) 1 cm bolus thickness irradiation plan, evaluated with the 
no-bolus initial plan of DVH; 

(3) 1.5 cm bolus thickness irradiation plan, evaluated with 
the no-bolus initial plan of DVH; 

(4) 2 cm bolus thickness irradiation plan, evaluated with the 
no-bolus initial plan of DVH; 

(5) 2.5 cm bolus thickness irradiation plan, evaluated with 
the no-bolus initial plan of DVH; 

(6) 3 cm bolus thickness irradiation plan, evaluated with the 
no-bolus initial plan of DVH; 

(7) 4 cm bolus thickness irradiation plan, evaluated with the 
no-bolus initial plan of DVH; 

(8) 5 cm bolus thickness irradiation plan, evaluated with the 
no-bolus initial plan of DVH. 

The comparison of DVH with the initial planning doses (using 
the KVCT image of CP with no bolus) and after the irradiation 
(using the MVCT images of CP with 0.5, 1.5 and 5 cm bolus) 
verification doses were shown in Figure 2. 
 

Results 

In this study, point dose measurements provided a quantitative 
comparison. Table 1 summarizes ion chamber measurements 
results for HD_ROI. Point dose measurements showed a 
4.480% dose increase in 0.5 cm depth reduction, this difference 
reached 8.508% in 2 cm depth and 15.279% in 5 cm depth. At 
the same time, a dose reduction of 0.665% was determined for 
a 0.5 cm depth increase for the target, which is 1.771% for 
2 cm depth difference and 5.202% for 5 cm depth. In the DVH 
analysis in the ART software, Dmax difference was 0.540% in 
the 0.5 cm depth reduction of the target while this difference 
was 14.39% in 5 cm were found (Table 2). These values are 
between 0.441% and 7.323% for Dmax in LW_ROI1 
(Table 3), between 0.00% and 11.492% for Dmax in 
LW_ROI2 (Table 4) and between 0.981% and 6.798% for 
Dmax in LW_ROi3 (Table 5). 

Discussion 

Weight changes during RT are often seen and also cause the 
body contour to change. There are very few studies on the 
dosimetric effect that may occur due to the change of the body 
contour [29,30]. In this study, it is observed that in the case of a 
decrease in bolus thickness, HD_ROI and LW_ROI's of the 
phantom was receiving a higher dose. Reductions in body 
thickness can cause an overdosage in normal tissue around the 
target [23,31]. Similar studies have shown that reducing the 
amount of bolus used leads to an increased maximum dose 
[32,33]. 
 

 
Figure 2. DVH comparison of KVCT and MVCT images in ART 
software (MVCT (dash line) and KVCT (solid line)). (a) 
Verification planning with 0.5 cm bolus and initial planning with 
no bolus. (b) Verification planning with 1.5 cm bolus and initial 
planning with no bolus. (c) Verification planning with 5 cm bolus 
and initial planning with no bolus. 
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Table 1. Results of ion chamber measurements for HD ROI and calculations values for different thicknesses boluses. 

Bolus Thickness 
(cm) 

Planning System (DQA) 
Point Dose Values 
(Gy)(With-Bolus) 

Ion Chamber Point 
Dose Measuring 

Values (Gy) 
(No-Bolus) 

Per. Dif. 
% 

Planning System (DQA) 
Point Dose Values(Gy) 

(No-Bolus) 

Ion Chamber Point 
Dose Measuring 

Values(Gy) 
(With -Bolus) 

Per. Dif. 
% 

0.5 1.808 1.889 4.480 1.807 1.795 0.665 
1 1.817 1.926 5.998 1.807 1.788 1.051 

1.5 1.815 1.930 6.336 1.807 1.782 1.384 
2 1.810 1.964 8,508 1.807 1.775 1.771 

2.5 1.812 1.972 8.830 1.807 1.768 2.158 
3 1.813 1.990 9.763 1.807 1.747 3.320 
4 1.816 2.056 13.216 1.807 1.733 4.095 
5 1.813 2.090 15.279 1.807 1.713 5.202 

Per. Dif.: Percent Different, percentage difference = 100 * |a - b| / b, Gy: Gray 

 
Table 2. Dosimetric changes on HD_ROI in ART planning. 

Bolus Thickness 
(cm) 

Planning  Verification  Per. Dif. 

Dmax D50% D98%  Dmax D50% D98%  Dmax D50% D98% 
0.5 1.849 1.81 1.797  1.839 1.807 1.794  0.541 0.166 0.166 
1 1.975 1.814 1.791  1.996 1.82 1.791  1.063 0,220 0,000 

1.5 1.860 1.813 1.797  1.919 1.822 1.798  3.170 0.496 0,055 
2 1.849 1.811 1.815  1.925 1.823 1.803  4.110 0.662 0.661 

2.5 1.862 1.811 1.816  1.940 1.818 1.834  4.180 0.386 0.991 
3 1.847 1.810 1.795  1.944 1.808 1.786  5.252 0.110 0.501 
4 1.836 1.813 1.797  2.044 1.820 1.829  11.32 0.386 1.780 
5 1.842 1.813 1.797  2.107 1.821 1.797  14.39 0.441 0.000 

Dmax: Maximum absorbed dose in target, D98%: Minimum absorbed dose covering 98%of the volume, D50%: Absorbed dose received by 50%of the volume, D30%: 
Absorbed dose received by 30%of the volume 

 
Table 3. Dosimetric changes on LW_ROI1 in ART planning. 

Bolus Thickness 
(cm) 

Planning  Verification  Per. Dif. 

Dmax D30% D50%  Dmax D30% D50%  Dmax D30% D50% 
0.5 1.812 1.212 1.032  1.804 1.208 1.037  0.441 0.330 0.484 
1 1.853 1.159 1.042  1.855 1.154 1.041  0.108 0.431 0.096 

1.5 1.808 1.156 0.981  1.817 1.156 0.984  0.498 0.000 0.306 
2 1.828 1.126 0.983  1.888 1.130 0.988  3.282 0.355 0.252 

2.5 1.797 0.851 0.647  1.862 0.863 0.656  3.673 1.410 1.391 
3 1.81 1.197 1.049  1.866 1.189 1.054  3.094 0.668 0.477 
4 1.825 1.292 1.152  1.949 1.325 1.165  6.795 2.554 1.128 
5 1.816 1.238 1.104  1.988 1.263 1.130  7.323 2.019 2.355 

 
Table 4. Dosimetric changes on LW_ROI2 in ART planning. 

Bolus Thickness 
(cm) 

Planning  Verification  Per. Dif. 

Dmax D30% D50%  Dmax D30% D50%  Dmax D30% D50% 
0.5 1.816 1.189 1.025  1.816 1.185 1.024  0.000 0.336 0.098 
1 1.833 1.318 1.102  1.835 1.305 1.089  0.109 0.986 1.179 

1.5 1.811 1.128 0.934  1.867 1.137 0.943  3.092 0.798 0.964 
2 1.821 1.273 1.065  1.899 1.287 1.074  5.875 1.099 0.845 

2.5 1.825 0.786 0.595  1.928 0.808 0.609  5.643 2.798 2.352 
3 1.816 1.267 1.111  1.929 1.277 1.115  6.222 0.789 0.360 
4 1.818 1.241 1.153  2.020 1.276 1.165  11.111 2.820 1.040 
5 1.829 1.246 1.078  2.103 1.284 1.105  11.492 3.049 2.505 

 
Table 5. Dosimetric changes on LW_ROI3in ART planning. 

Bolus Thickness 
(cm) 

Planning  Verification  Per. Dif. 

Dmax D30% D50%  Dmax D30% D50%  Dmax D30% D50% 
0.5 1.783 1.088 0.958  1.807 1.101 0.952  1.346 1.194 0.626 
1 1.834 1.118 0.960  1.816 1.118 0.964  0.981 0.00 0.417 

1.5 1,838 0.952 0.853  1.868 0.961 0.860  1.632 0.945 0.820 
2 1.831 1.121 0.960  1.901 1.136 0.978  3.823 1.338 1.875 

2.5 1.827 0.930 0.799  1.879 0.946 0.810  2.846 1.720 1.377 
3 1.816 1.097 0.965  1.902 1.104 0.974  4.735 0.638 0.932 
4 1.822 1.221 1.020  1.932 1.240 1.046  6.037 1.556 2.549 
5 1.824 1.134 0.994  1.948 1.174 1.026  6.798 3.527 3.219 
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The HT treatment machine hasn't got any auto-segmentation 
tools that routinely help in finding the shapes of ROI's. Before 
the comparison of the planned and verification doses, the shape 
of the irradiated structures must be manually described on the 
MVCT scans. In this case, an error in the statistical parameters 
leads to a little increase in the calculated doses of MVCT 
compared to KVCT [34]. 
 In this study, found that a reduction of 1cm bolus showed a 
5.998% dose increase, 1,5 cm bolus showed a 6.336% dose 
increase and 2 cm bolus showed an 8.508% dose increase for 
the HD_ROI. S Jang and C Watchman study showed that a 
reduction of 1 cm bolus showed a 9%±2% dose reduction for 
the target. The ratio of planned dose to delivered dose to organs 
at risk (OAR’s) was increased 7% by decreasing phantom 
Radius by 1.5, however, lower than target regions [35]. Chow 
and Jiang reported that a 2 cm decrease in contour depth, 
caused by the patient body weight loss, could increase the dose 
to the target and normal organs by more than 5% [33]. Pair ML 
et al. showed that for differences due to surface distance (SSD) 
change, a dose difference was found at 2.9% and 3.6% in 1 cm 
SSD change and the radiation oncology team decides whether 
replanning should be done if the change is 1 cm or more [36]. 
Hoon Sik Choi and his colleagues claimed that ART 
replanning will be needed if there is a 1.5 cm decrease in body 
contour or a 2 cm increase in their work [37]. 

Body thickness increasing can be seen in the RT process as 
well as reducing thickness. There is no study on the dosimetric 
effect of increasing body thickness when a literature review is 
performed. In this study, a reduction of 0.5 cm bolus showed a 
5.480% dose increase. At the same time, an increase of 0.5 cm 
bolus showed a 0,665% dose reduction was observed. This rate 
of changes was similar in the other depths (Table 1). So, it was 
determined that the dosimetric dose difference with phantom 
thickness reduction was much higher than thickness increasing. 
This result can be considered interesting. 
 Finally, it has been determined that there may be significant 
differences in the measurement of changing depth in the 
HD_ROI and LW_ROI's doses. In addition, the ART plan 
results show that the dose increasing in the HD_ROI was 
greater than the LW_ROI's due to the depth reduction. 
 

Conclusion 

This study is presented as a simulation experiment to visualize 
of differences between doses against phantom thickness 
changes. Excessive changes in body thickness may result in 
significant dosimetric impact. Regularization of the dosimetric 
follow-up reveals the importance of recalculating treatment 
plan to obtain actual dose distribution. 
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