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 Development of secondary cancer due to radiotherapy can be associated with alot of 

factors. It is believed that low dose volume and and monitor unit (MU) in radiation 

therapy plans for breast radiation therapy are associated with this development. This 

study aimed to evaluate and compare the intensity modulated radiotherapy (IMRT) 

and volumetric modulated arc therapy (VMAT) techniques for breast radiotherapy in 

terms of secondary cancers. The VMAT and IMRT plans of 11 breast cancer patients 

were evaluated. MU and low dose volume (5, 10 and 20 Gray) of each patient in both 

VMAT and IMRT plans were calculated and compared. The differences between the 

two techniques were examined. The calculated VMAT-MU (mean MU: 1104±158) 

was found to be lower than IMRT-MU (mean MU: 1459±325). The mean low dose 

volumes (V5, V10, V20) of VMAT and IMRT were compared. VMAT - mean low 

dose volume compared to IMRT, but the difference found no statistically significant. 

In conclusion,  due to the low number of MU in breast cancer radiation therapy, 

VMAT technique may be preferred instead of IMRT technique. 
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INTRODUCTION 

Cancer is a disease that develop as a result of uncontrolled 

proliferation and growth of cells in any organ or tissue of the 

body. Breast cancer is the most common type of cancer among 

women and the breast cancer rate is 24% of cancers worldwide 

(1). In addition, the risk of developing breast cancer during a 

woman's lifetime is in the range of 10-12% (2). With the 

widespread use of cancer screening methods, an increase in 

early diagnosis and treatment success of breast cancer has also 

been achieved with developing new treatment techniques. The 

increase in treatment success has supported the further 

development of existing techniques. In some studies, it has been 

observed that radiotherapy, one of these techniques, reduces 

local-regional recurrence, increases disease-free and overall 

survival (3-5). Breast radiotherapy technique shows personal 

differences due to the anatomical structure and diversity of the 

breast area. In accordance with the general purpose of 

radiotherapy, it should be remembered that critical organs (such 

as the lung, heart and other breast) should receive as low as dose 

possible when irradiate the target area homogeneously. 

In recent years, with new developed treatment devices and 

planning techniques, normal tissues and critical organs dose can 

be reduced, and it is possible to give high doses for tumor. 

Standard treatment technique has not yet been recommended 

for breast radiotherapy. Intensity modulated radiotherapy 

(IMRT) and volumetric modulated arc therapy (VMAT) 

treatment techniques are used. In IMRT technique, the intensity 

of the radiation beam is changed by a continuous moving 

multileaf collimator (MLC). Adjusting the beam intensity 

within each fixed angle treatment field helps to create more 

conformal dose distributions within the target volume. One or 

more arcs can be used in the VMAT treatment technique. The 

gantry rotation speed, dose rate and MLC leaf positions change 

simultaneously for provide conformal dose distribution (6). 

When they compared with 3D-conformal radiotherapy 

(3DCRT), an older technique than these techniques, it has been 
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shown that the dose uniformity and conformality of the target 

volume increases with the help of IMRT and VMAT techniques 

in the radiotherapy of many different anatomical regions, and 

at the same time the radiation doses received by normal tissues 

decrease (7-10). This decrease reduces radiation-induced harm 

to the surrounding organs and tissues. Because radiation-

induced damage is associated with the volume of radiation 

exposure of an organ or tissue and the radiation dose. For this 

reason, normal tissues should be protected from radiation as 

much as possible during radiation therapy (11,12). Radiation 

therapy-related side effects are evaluated in two ways as 

functional (acute, chronic) and oncogenesis. These side effects, 

which caused by radiation therapy, are factors that limit the total 

radiation dose (13). In addition, the probability and severity of 

toxicity that may develop in normal tissue in the irradiated area 

also depends on factors related to the type of radiation, total 

dose, fraction dose, irradiated area and dose homogenity. 

With the help of new treatment techniques, the survival of 

cancer patients continues to increase. But this result can also 

lead to an increase in the incidence of secondary cancer in the 

treated areas. One of the most serious late side effects of 

radiation therapy are radiation-related secondary cancers. 

Changes in supressor genes can lead to the expression of 

oncogenes. With sublethal damage, normal genes can turn into 

oncogenes (14). Suppression of the immune system may affect 

the development of cancer. It may take up to ten years for these 

effects to show (15). A higher incidence of secondary cancer 

was reported in patients received radiation therapy than in 

patients who didnt receive it. In addition in ongoing studies on 

secondary cancers, different results shared for different 

treatment sides. In addition, research is ongoing on whether 

variables (MLC, Monitor Unit-MU) related to the planning 

technique cause secondary cancer. MLC movement, number of 

MU and dose rate vary according to the planning technique. 

Monitor Unit is a different expression of the radiation dose 

required for radiotherapy. Monitor Unit calculated with 

different parameter. These parameters include field size, depth 

in tissue, wedge and dose distribution of each field. It has been 

estimated that doubled the MU increase (1.2) the risk of 

secondary cancer (16,17). In addition, increasing the number of 

MU extend the treatment time. As a result of this, the target 

moves more. This movement may cause irradiation of a larger 

volume of healthy tissue (18,19).  

Wide irradiation volume can create the wide low dose radiation 

volume. Angiogenesis, which can occur as a result of low doses, 

can cause extra tumor growth and new metastases (20,21). For 

this reason, there is a lot of research on the relationship between 

the low dose region and the treatment technique. The risk of 

secondary cancer may increase due to increased low dose 

volumes when intensitiy-modulated radiotherapy techniques 

are used (22,23). Knapp et al. found the low dose volume in 

IMRT to be higher than in other techniques (24). However, Lii 

et al. found the low dose volume in the VMAT technique to be 

lower than in other techniques. In addition, when studies in 

breast cancer radiation therapy were also examined, Mishra et 

al. and Adeyene et al. measured higher low dose volumes in 

VMAT plans (25,26). It was commented that VMAT alone does 

not offer any significant benefit. However, Canbolat et al. 

measured it lower than IMRT (27). Therefore, not only MU but 

also the size of the low dose volume is an important criterion in 

choosing treatment plan technique. 

In this study, it was aimed to compare the low dose volume and 

Monitor Unit associated with IMRT and VMAT techniques 

used in breast cancer radiotherapy in terms of secondary cancer 

risk. 

 

METHODS 

Radiation therapy plans of 11 patients diagnosed with right 

breast cancer who were treated at the our department in 2024 

were used. All patients underwent a mastectomy followed by 

radiotherapy. Axilla (AX), superclavicular area (SCF) and chest 

wall areas were in the treatment field. Two different 

radiotherapy plans were designed for each patient using both 

IMRT and VMAT treatment techniques. Gross tumor volume 

(GTV), clinical tumor volume (CTVtm) and lymph nodes 

(CTV lymph nodes) and organs at risk were identified and 

contoured with the Radiation Therapy Oncology Group Atlas 

(RTOG) for treatment planning. The treatment volume (PTV) 

were contoured under the guidance of RTOG Atlas. Treatment 

plans were designed to deliver 50 Gy in daily fractions of 2 Gy 

to AX, SCF and chest wall. 

 

Treatment planning 

IMRT technique  

This technique requires multiple fixed-angle radiation beams. 

The gantry don’t move around the patient. Multiple fields used 

for treatment planning. Dose rate is variable and multileaf 

collimators are in continuous movement for provide to conform 

dose distribution.  

The IMRT plans were designed with the Eclipse 13.0 (Varian 

Medical Systems, Inc) treatment planning system. When 

preparing the treatment plan, 6 MV X-ray and Beam Eye View 

(BEV) were used to decide on the treatment fields. In such away 

that the fields do not see each other directly, 0°, 33°, 60°, 196°, 

220°, 263°, 314° field angles and collimator angle of 0° were 

used. A 5 mm thick bolus was used to cover the chest wall. All 

fields were opened up to the total of the PTV volumes (Figure 

1). The dose rate was determined as 400MU/min. 

 

Figure 1. Gantry angles for IMRT. 
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Figure 2. Gantry angles for VMAT. 

 

VMAT technique 

The gantry moves continuously around the patient in VMAT 

technique. Single or multiple arcs can be choose. Dose rate is 

variable and multileaf collimators are in continuous movement 

for provide to conform dose distribution. VMAT plans were 

designed with the Eclipse 13.0 treatment planning system. The 

single isocenter method was used.  

VMAT plans were designed with of 8 arc fields (4 clockwise 

(CW) and 4 counterclockwise (CCW)). Grup-1 fields (Start-

Stop); 192°-61° CW, 61°-192° CW. Grup-2 field (Start-Stop); 

210°-80° CW, 80°-210° CCW. Grup-3 field (Start-Stop); 64°-

305°, 300°-190° CCW, 190°-300°, 305°-64° CW and 

collimator angle was set to 0°. The upper and/or lower jaws of 

the fields were overlapped (min. 1cm) (Figure 2). A 5 mm thick 

bolus was used to cover the chest wall. The dose rate was 

determined as 400MU/min. 

Dose-volume histograms (DVH) of the PTV and the OARs 

were calculated to compare the dosimetric quality of the VMAT 

and IMRT plans. Plan evaluation rules; ≥ 5% of PTV receiving 

110%≥ of the prescribed dose, ≥ 95% of PTV receiving 95%≥ 

of the prescribed dose, None of the PTV volume should receive 

115%≥ of the prescribed dose. 

Heart, ipsilateral lung, contralateral breast and contralateral 

lung were accepted as the organ at risk. Critical organ dose 

criteria recommended by Emami have taken into account for 

evaluation of critical organs. Plans that meet all the criteria have 

been taken into consideration. 

VMAT and IMRT plans of the same patient were compared with 

each other. Different number of MU for each field is calculated 

by a treatment planning system for IMRT and VMAT plans. 

Therefore, the total number of MU was used for comparison. 

The volume (cm3) of 5, 10 and 20 Gray (V5-V10-V20) were 

measured to determine the low dose radiation volume of IMRT 

and VMAT plans. Volume / Body restrictions were not applied. 

The PTV volume was not cropped from the low dose regions. 

 

RESULTS 

Both VMAT and IMRT plans of 11 patients who treated in 2024 

were evaluated in our clinic. The total MU in both VMAT and 

IMRT plans of the same patient was calculated (Figure 3).  

 

Figure 3. Total MU for VMAT and IMRT. 

There was a significant difference between MU. The MU 

calculated of the VMAT plans was found to be smaller than the 

IMRT plans. VMAT-MU; min:714, max:1269, 

mean:1104±158. IMRT-MU; min:970, max:2082, 

mean:1459±325. For IMRT and VMAT techniques, mean MU 

are shown in Table 1. The difference found between the two 

methods are statistically significant (p<0.05).  

Table 1. Mean MU and Mean V5, V10, V20 of VMAT and 

IMRT. 

 VMAT IMRT p 

MU 1104±182 1459±325 <0.05 

V5 (cm3) 9340±2291 9566±2457 0.105 

V10 (cm3) 5618±1651 5867±1748 0.112 

V20 (cm3) 4012±1201 4273±1355 0.150 

VMAT: Volumetric modulated arc therapy, IMRT: Intensity 

modulated radiotherapy, MU: Monitor Unit. 

The low dose radiation volumes (V5, V10, V20-cm3) in the 

VMAT and IMRT plans were determined (Figure 4,5,6). For 

IMRT and VMAT techniques, mean low-dose volume shown in 

Table 1. There was a difference between the mean v5, v10, v20 

volumes of IMRT and VMAT techniques. However, this 

difference between the two techniques was not statistically 

significant. (p: 0.105,0.112,0.15). 
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Figure 4. V5 for VMAT and IMRT. 

 

Figure 5. V10 for VMAT and IMRT. 

 

Figure 6. V20 for VMAT and IMRT. 

 

DISCUSSION 

The aim of radiotherapy is protect the critical organs while 

covering the PTV as much as possible with treatment dose. To 

achieve this, we need innovative treatment techniques. 

Technological advances in radiotherapy have allowed the use 

of innovative intensity modulated planning techniques that not 

only increase tumor coverage in the treatment of breast cancer, 

but also protect the critical organs better than compared to 

traditional three-dimensional conformal radiotherapy (28-31). 

A lot of research done on treatment techniques. Some of these 

studies are related to both oar protection and PTV coverage. 

They showed that VMAT provides better target volume 

coverage, dose uniformity and organ at risk protection 

compared to the IMRT technique (32). In different studies, PTV 

coverage was found to be similar for IMRT and VMAT 

techniques (33-36). Some studies have been conducted on the 

risk of secondary cancer. Theoretical concerns have been raised 

that intensity-modulated radiotherapy techniques such as IMRT 

and VMAT potentially cause an increase in the risk of 

secondary cancer compared to 3D-CRT (37-39). 

The risk of secondary cancer due to radiation therapy is become 

one of the important factors affecting the decision-making 

process for the technique to be applied in the treatment of 

cancer patients who will be treated with radiation therapy. 

Factors such as the volume and dose of the irradiated area, low 

radiation dose volume, irradiated organ, tissue type, radiation 

therapy technique used, age and family cancer history affect the 

development of secondary cancers related with radiation 

therapy. It is known that new techniques with more treatment 

fields lead to the risk of secondary cancer, as they increase the 

low-dose region. In some studies, it has been stated that 

secondary malignancies are related to low dose (<0.2 Gy). The 

risk of secondary cancer is especially pronounced in young 

patients. The relative risk is reported to be between 1.32 and 

1.59 in women under the age of 45, and 1.01 in women over the 

age of 45 (40). It has also been reported that radiation-induced 

thyroid and breast cancers can be observed at doses as low as 

100 mGy (41). Studies conducted for the lung region indicate 

that there may be a relation between a low dose and a relapse-

free life. Due to these risks, it is desirable that the low dose 

volume should be as low as possible. 

Although there is a difference between the low dose regions 

measured in the VMAT and IMRT plans of the same patient in 

our study, it is observed that this difference is very small 

(Figures 4, 5, 6). The total volumes of V5-V10-V20 (cm3) were 

found to be close to each other. From a patient-based 

perspective, the low dose volume did not make a significant 

difference in terms of VMAT or IMRT. There is no clear 

consensus in the literature about the low dose volume formed 

by the difference in planning technique. The studies examined 

have given different results from each other. In some of these 

studies, the low dose volume was found to be high in IMRT 

technique, while in others, the low dose region in VMAT 

technique was found to be high (24-26,42). This study shows 

the low dose volume can change with treatment technique. But 

this difference may be statistically non-significant. In addition, 

in our study, it was observed that the number of fields in the 

VMAT technique greater than the number of fields in the IMRT 

technique has no effect on the volume of the low dose region in 

our study. 

There is a difference between IMRT and VMAT techniques. 

When the studies related to this difference are examined; it has 

been reported that a low MU reduces the risk of secondary 

cancer in studies related to MU (16,17). IMRT uses more fields 

and monitor units, which cause a higher whole-body exposure 

due to leakage radiation. An increase in the number of MUs is 

correlated with an increase in out-of-field radiation dose (43). 

When calculating the MU, while its value varies according to 

the parameters in the formula used, the effect of the result on 

the patient leads to the conclusion that the MU results should 

be evaluated from a different point of view. These and similar 

results lead to questioning not only the low dose region, but also 
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the MU. In addition to low dose comparisons, the MU of both 

planning techniques were compared in our study. 

In this study; It has been observed that there were higher MU 

in IMRT technique compared to VMAT technique (Figure 3). 

The mean MU was found to be 1104±158 in the VMAT method 

and the mean MU was found to be 1459±325 in the IMRT 

method. In all treatment plans, the MU in the VMAT plan was 

less than the MU value in the IMRT plan. These results are 

consistent with previous studies (25,27). The number of MU 

per Gray decreased in the VMAT technique. The effect of the 

previously mentioned MU on secondary cancer could further 

reduced by the VMAT planning method (16-19). Because of 

this, it is seem that the VMAT technique is more advantageous 

than IMRT. 

 

CONCLUSION 

According to our results, VMAT technique may be preffered 

instead of IMRT technique for breast cancer radiotherapy 

because it provides a lower MU than IMRT. We also 

recommend that each clinic make its own comparison for these 

results, which depend on the physical characteristics of the 

patient. 
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