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INTRODUCTION 

The pelvic radiotherapy is a standard treatment for patients with 

cervical, uterine and rectal carcinomas. One of the problems during or after 

the radiotherapy treatment is appearance of early or late complications of 

the small bowel [1-3]. Open tabletop device or bellyboard is used to reduce 

the side effects of healthy surrounding tissue, specially small bowel [2,3]. In 

the bellyboard patients are positioned in the prone position that is 

uncomfortable. That results in continuous adjusting of the patients to the 

bellyboard during the treatment, which causes geometrical and dosage 

uncertainties and influences the results of the treatment [4-7]. To avoid these 

errors, the setup correction protocol was implemented, that implicates usage 

of the film portal imaging [4].  

During the last year, the new linear accelerator Siemens Oncor 

Expression (Siemens, Germany) with electronic portal imaging device 

(EPID) was installed at our radiotherapy department. Hence, to reduce the 

setup errors of the patients, mega-voltage cone-beam computed tomography 

(MV CBCT) system is used. During the image acquisition 12 MU (monitor 

units) is delivered. The objective of this research was to evaluate the dose 

delivered to the patients from acquired MV CBCT. 

 

MATERIALS AND METHODS 

Fifteen patients with rectal carcinoma were included in this study. All 

the patients were simulated at the CT simulator Siemens Sensation Open 

with virtual simulation system. 3D treatment planning software XiO (CMS 

Inc., St. Louis, MO) was used to make and optimize radiotherapy plans. The 

three-field-box technique was used for all of the patients and they were 

treated at the linear accelerator Siemens Oncor Expression. Patients received 
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the total dose of 45 Gy in 25 daily fractions and boost of 5.4 Gy in 3 

fractions. According to our protocol, the patients’ position during the 

treatment was checked in the first five days [4]. 

Our clinic has MV imaging system capable of portal imaging and 

cone-beam CT (MVision
TM

, Siemens Medical Solutions, Concord, CA). 

The imaging systems consists of a linear accelerator 6 MV beam, flat panel 

detector (Perkin Elmer Optoelectronics, Wiesbaden, Germany) and 

Coherence
TM

 Therapist workspace. The protocol with an open field 8 cm × 

27.4 cm at the isocenter with the imager at 145 cm SID and 12 monitor units 

(MU) was used for image acquisition. The linac gantry rotates in a 

continuous 200
o
 arc (270

o
 to 110

o
, clockwise), acquiring one portal image 

for each angle and the image reconstruction starts immediately after the 

acquisition. Moreover, immediately after the reconstruction, software 

automatically compares the reference planning CT and MV CBCT. Then, 

the system displays the table of shift correction, which represents the 

distance between the planned treatment isocenter as specified on the CT 

image during the planning and actual treatment isocenter.  

All the patients included in this study have already completed their 

therapy. The dose influence of the MV CBCT was recalculated afterwards 

using 3D treatment planning software XiO. To validate XiO, dosimetric 

verifications in anthropomorphic phantom were performed [8]. We 

investigated the minimum field number that should be simulated to 

represent the MV CBCT dose. One, three, five, nine and twenty-one fields 

were simulated.  

Additionally, we investigated the influence of the MV CBCT on a 

treatment plan by analyzing changes in dose volume histograms, the mean 

value and maximum value. Recommendation for mean value is not to 

exceed ±1 % of the prescribed dose, and for maximum is not to be higher 

than 107 % of the prescribed dose [9].  

According to published results [10,11], due to residual setup errors in 

prone-treated patient, the existence of setup protocol is recommended. 

Higher frequency protocol (on daily basis) conferred the highest benefit 

with respect to residual target setup error [11]. According to results we 

published [6] that correction of patients’ rotational movement should be 

done on daily bases, as well. Therefore, MV CBCT in the treatment plans 

was simulated as it was employed every day. Later, the dose distribution for 

first five days as it was defined in our protocol [4] was computed. 
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RESULTS 

MV CBCT dose was included in the already existing treatment plans 

and mean doses and maximum doses were calculated for each of the fifteen 

patients. Then we tried to find the smallest number of fields that can be used 

as a good MV CBCT dose approximation. Figure 1 shows the mean 

deviation of the mean dose in the target volume for the one, three, five, nine 

and twenty-one field approximation. Figure 2 shows the mean deviation of 

the maximum dose in the target volume for the one, three, five, nine and 

twenty-one field approximation.  

 

 

Figure 1. Mean dose deviation related to number of fields in approximation 

of MV CBCT. 

 

 

Figure 2. Maximum dose deviation related to number of fields in 

approximation of MV CBCT. 

 

Then, for every patient influence of MV CBCT on their mean dose 

(Figure 3) and maximum dose (Figure 4) value was calculated. Results were 

normalized to the prescribed dose of 45 Gy. The range, mean value and the 

standard deviation (SD) of entire group of patients is shown in Table 1.  

The data in Table 1 are the dose contributions of MV CBCT on daily 

bases (25 fractions). Since our setup correction protocol proposes only first 

five days of image acquisition, influence of MV CBCT dose distribution is 5 

times smaller (Table 2).  
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Figure 3. Mean dose deviation for each patient. 

 

 

Figure 4. Maximum dose deviation for each patient. 

 

 Table 1. Dose deviation for each patient for the 25 fractions. 

  Range Mean SD 

Mean dose deviation (%) 2.2 to 3.4 2.8  0.3 

Max dose deviation (%) 2 to 6.8 5.4  1.2 

 

 Table 2. Dose deviation for each patient for the 5 fractions. 

  Range Mean SD 

Mean dose deviation (%) 0.4 to 0.7 0.6  0.06 

Max dose deviation (%) 0.4 to 1.4 1.1 0.3 

 

 

DISCUSSION 

Influence of MV CBCT on mean dose (Figure 3) and maximum dose 

(Figure 4) value was calculated for 15 patients. Since these values represent 

dose contribution of MV CBCT it is obvious that mean dose in target 

volume will exceed recommended tolerance ±1 % of the prescribed dose. 

Obviously, that is to happen for the every patient if we neglect the dose 

contribution of MV CBCT in the radiotherapy plan. 
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In all of our plans maximum dose in target volume is not less than 

104 % of the prescribed dose but it is always less than 107 % of the 

prescribed dose as recommended. Although the range of MV CBCT’s 

contribution to the maximum doses is 2 % to 6.8 % (Table 1) and it is 

possible that for some patients’ maximum dose will not exceed the 

maximum of 107 % of the prescribed dose, all of our 15 patients had 

maximum doses above 107 %. 

Then, to find out how many fields must be taken to be close enough to 

the real dose contribution of the MV CBCT two set of data were compared. 

Mean deviation of the mean dose (Figure 1) as well as mean deviation of the 

maximum dose (Figure 2) shows that five fields is good approximation.  

Including MVCBCT dose, planning all used fields will make calculation 

significantly longer (in our case it is about 8 minutes). When we 

approximated MVCBCT with smaller number of fields the calculation time 

was about 2 minutes for a 5 field approximation. 

At our radiotherapy department we have only one linear accelerator 

with MLC. At this time our physicians feel no need for routine MV CBCT, 

on daily bases. However, our protocol for the pelvic radiotherapy in the 

bellyboard requires first five days of image acquisition. That means that 

mean dose in the target volume can increase up to 0.7 % and maximum dose 

can increase up to 1.4 % of the prescribed dose. According to that, mean and 

maximum dose in the target volume can exceed prescribed values and we 

will include MVCBCT dose contribution in the radiotherapy planning.  

It is known that uncorrected setup errors can cause a difference 

between the planned and delivered dose [7]. Our results have confirmed the 

need to minimize daily set-up errors through quality assurance programs [4-

8]. Different protocols for pelvic radiotherapy in prone position can be 

found [4,11]. With the commercial MV CBCT system setup errors can be 

easily reduced, but its usage increases the delivered dose as shown in this 

study, and in already published results [12-14]. Therefore, MVCBCT dose 

contribution has to be considered during the radiotherapy planning. 
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The pelvic radiotherapy is a standard treatment for patients with 

cervical, uterine and rectal carcinomas. During radiation treatment open 

tabletop device or bellyboard is used to reduce the side effects of healthy 

surrounding tissue. Patients are continually adjusting to the bellyboard 

during the treatment which causes geometrical and dosage uncertainties and 

influences the results of the treatment. Therefore, to reduce these 

uncertainties, megavoltage cone-beam computed tomography (MV CBCT) 

system is used. The objective of this research was to evaluate the image 

acquisition dose delivered to patients from MV CBCT.  

MV CBCT imaging was simulated on 15 patients using 3D treatment 

planning software XiO (CMS Inc., St. Louis, MO). The influence of the 

routine MV CBCT usage on treatment plan was investigated by analyzing 

the changes in dose volume histograms, mean values and maximum doses in 

the planning volumes. 

Simulations have shown that daily usage of MV CBCT causes 

differences in the dose volume histograms. Moreover, for every patient 

mean value exceeded prescribed tolerance (±1% of the prescribed dose) and 

maximum value exceeded recommended maximum of 107% of the 

prescribed dose.  

The results have shown that MV CBCT dose to the patient should be a 

part of the RT plan. 
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