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 Breast cancer is the most common cancer for incidence and mortality among 

females globally and in Indonesia. Mastectomy is still the most common surgery for 

female breast cancer in Indonesia. After the mastectomy, several patients will 

receive a whole breast radiotherapy session. About 68.75 % of breast cancer 

patients in the radiotherapy department at Lavalette Hospital during 2019 had 

undergone the mastectomy. Radiotherapy treatment for breast cancer can be 

delivered using Intensity Modulated Radiotherapy (IMRT) or 3D-Conformal 

Radiotherapy (3DCRT) technique. This study is aimed to compare the skin 

dosimetric between IMRT and 3DCRT for post-mastectomy breast radiotherapy. 

Left-sided breast cancer patients who underwent radiotherapy at Lavalette Hospital 

during 2019 were included in this study, and 15 patients were selected. All patients 

received 50 Gy in 25 fractions over 5 weeks using 6 MV photons. The planning 

target volume (PTV) and organ at risk (OAR) were delineated. Skin with 3 mm 

thickness along PTV was also contoured for evaluating the dose delivered to the 

skin. The treatment planning was conducted using 3DCRT and 5 fields IMRT 

planning. The plans were optimized for at least 95 % of the prescribed dose to cover 

95 % volume of the PTV. The mean dose and maximum dose were used for 

evaluating and comparing each plan. The skin’s mean dose from 3DCRT planning 

was 24.65 ± 4.12 Gy and 22.85 ± 3.68 Gy (p = 0.002) for IMRT planning. 

Meanwhile, skin maximum doses were 54.15 ± 0.68 Gy and 53.89 ± 1.05 Gy         

(p = 0.001) respectively for 3DCRT and IMRT planning. These results showed that 

IMRT offered a lower dose to the skin and a better skin-sparing effect than 3DCRT. 
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INTRODUCTION 

Breast cancer is one of the most commonly 

diagnosed cancers among females. Based on   

Global Cancer Statistic 2018, breast cancer is the 

most common cancer for incidence and mortality 

among females both globally and in Indonesia [1]. 

The common treatments for female breast cancer   

are surgery (radical mastectomy or breast-conserving 

surgery), chemotherapy, and radiotherapy.               

The treatment could be the adjuvant of several 

modalities or only one modality, depending on the 

physician's decision.  

Mastectomy is still the most common surgery 

for female breast cancer in Indonesia. After the 
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mastectomy, several patients will receive a whole 

breast radiotherapy session. Radiotherapy sessions 

after mastectomy can reduce the recurrence rate and 

improve survival rates [2]. About 68.75 % of breast 

cancer patients in the radiotherapy department at 

Lavalette Hospital during 2019 had undergone the 

mastectomy. The thickness of the chest wall will 

decrease after mastectomy. On the contrary, the skin 

has an average thickness of about 2-3 mm in healthy 

adults [3]. Therefore, there will be radiation-related 

dermatitis effects during whole breast radiotherapy. 

Radiotherapy treatment for breast cancer    

can be delivered using Intensity Modulated 

Radiotherapy (IMRT) or 3D-Conformal 

Radiotherapy (3DCRT) technique. IMRT gives an 

optimal balance between target volume coverage 

and organ at risk (OAR) sparing for post-

mastectomy radiotherapy [2,4]. IMRT also offers a 
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more prominent skin-sparing effect than 3DCRT     

in post-breast-conserving surgery-radiotherapy [3]. 

This study is aimed to compare the skin dosimetric 

between IMRT and 3DCRT for post-mastectomy 

radiotherapy. 

 

 

METHODOLOGY 

Left-sided breast cancer patients who 

underwent radiotherapy at Lavalette Hospital during 

2019 were included, then 15 patients with chest wall 

thickness ≥ 1 cm were selected. The radio-opaque 

wire was used for surgical scar marker during       

CT Simulation. The simulation was performed using 

Toshiba Alexion 16 slices CT scanner with 3 mm 

slice thickness. During the simulation,                   

the patient used an immobilization device with a      

5-degree thorax-abdomen wedge (ORFIT - The AIO 

Solution). Monaco version 5.11.03 was used as a 

radiotherapy treatment planning system. 

The prescribed dose was 50 Gy in 25 

fractions, and a 6 MV photon was used. The 

planning target volume (PTV) and OAR were 

delineated. The OARs were heart, ipsilateral lung, 

contralateral lung, spinal cord, contralateral breast, 

and esophagus. Skin with 3 mm thickness was 

contoured for evaluating the dose delivered to the 

skin. The PTV was trimmed 3 mm from the skin for 

skin-sparing treatment planning. 

The treatment planning was conducted using 

3DCRT and 5fields-IMRT (5F-IMRT) planning for 

all patients. For 3DCRT, the field-in-field (FIF) 

technique was used for decreasing the hot spot.     

The calculation grid for both techniques was             

3 mm × 3 mm. The collapsed cone algorithm was 

used for the 3DCRT plan, and the Monte Carlo 

algorithm was used for IMRT. The 3DCRT planning 

used 4 fields; two tangential opposed fields (range 

from 300°-313° for mediolateral field and 120°-133° 

for lateromedial field) for the chest wall and a pair 

of 345° and 165° fields for the supraclavicular area. 

The IMRT planning used 5 fields; 335°, 0°, 40°, 75°, 

and 135°. The field configuration for both plans can 

be seen in Fig. 1. 

The plans were optimized to deliver a 

minimum of 95 % of the prescribed dose to 95 % of 

the PTV. The conformity and homogeneity index of 

target volume for both plans were evaluated and 

compared. The conformity index (CI) was calculated 

using Eq. (1) [5], and the homogeneity index (HI) 

was calculated using Eq. (2) [6]. 
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(b) 

 

 
(c) 

 

Fig. 1. Field configuration for 3DCRT planning in the 

chest wall (a), supraclavicular area (b),  

and 5F-IMRT planning (c). 
 

 

TVRI is the target volume covered by the 

reference isodose, which is 95 % of the dose 

prescription (47.5 Gy). TV is the target volume,    

VRI is the volume of reference isodose, and Dx % is 

the dose covering x % of the target volume. The CI 

values ranged from 0-1; the higher the value, the 

more conform the dose coverage to the target.       

The HI value close to 0 means better dose 

uniformity in the PTV. 

The dose limitations of the OARs were as 

follows: lung Dmean < 20 Gy; heart Dmean < 26 Gy; 

esophagus Dmean < 34 Gy; and spinal cord Dmax        

< 45 Gy [7]. The skin dosimetric parameters were 

evaluated using mean dose (Dmean), maximum      

dose (Dmax), V40, and V30 (Vn was the percentage 

volume of skin surrounded by n Gy dose) for      

both plans. The statistical analysis to compare for 

both plans was conducted using SPSS Statistics    

17.0 (IBM SPSS Statistics, USA) and Wilcoxon 

signed-rank test for paired t-test was used to 
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compare the two plans. A p-value < 0.05 was 

considered statistically significant. 

 

 

RESULTS AND DISCUSSION 

The mean volume of PTV from 15 patients is 

826.34 ± 35.72 cc. The volume that received 95 % 

(47.5 Gy) and 107 % (53.5 Gy) of the prescribed 

dose are compared. Table 1 shows the dosimetric 

parameter of PTV used to compare both plans, 

where Vy % is the percentage volume of the target 

surrounded by y % of dose prescription. Statistically, 

the V95 % for both planning is not significantly 

different, but IMRT could reduce the high dose in 

the target volume. 

The 5 fields-IMRT (5F-IMRT) planning 

provides better CI numbers than 3DCRT planning, 

but the HI number is not significantly different      

for both planning. It shows that 5F-IMRT      

planning has better conformity than 3DCRT 

planning but relatively similar homogeneity.     

Figure 2 shows the target coverage within 47.5 Gy. 

The 5F-IMRT gives better coverage and is more 

conform than 3DCRT planning. Moreover, the 5F-

IMRT planning also offers lower hot-spot volume 

than 3DCRT planning, as shown in the lower 

volume of the target that received 53.5 Gy. The 

previous studies conducted for post-mastectomy 

radiotherapy and comparing 3DCRT and 5F-IMRT 

have       shown that 5F-IMRT has given better CI 

and HI values [4,8,9]. The better dose homogeneity 

and conformity in the target, then fewer high doses 

are received by normal tissue.  
 

 
(a) 

 

 
(b) 

 

Fig. 2. The target coverage within 47.5 Gy for 3DCRT (a)  

and 5F-IMRT planning (b). 

The comparison of OARs dosimetric shows in 

Table 2. The 3DCRT planning provides significantly 

lower mean doses for the heart, contralateral lung, 

esophagus, and contralateral breast than 5F-IMRT 

planning. The ipsilateral lung and spinal cord 

receive similar doses from the 3DCRT and           

5F-IMRT planning. These results are consistent with 

the previous studies [3,4,8-11]. Those studies have 

shown that the mean dose received by OARs is 

lower for 3DCRT than 5F-IMRT planning. Other 

studies have shown that IMRT planning has offered 

better OARs sparing [12-14]. The 3DCRT planning 

has given better results for mean dose and reduced 

V5, V10, and V20, but IMRT could reduce high-dose 

irradiation (V30) received by ipsilateral lung and 

heart [9]. The tangential beam configuration helps to 

reduce the dose received by the ipsilateral lung     

and heart. 

 
Table 1. The PTV dosimetric parameter comparison for  

3DCRT and 5F-IMRT planning. 
 

Parameter 3DCRT 5F-IMRT p-value 

V95 % (%) 95.14 ± 0.43 95.01 ± 0.02 0.721 

V107 % (%) 8.24 ± 5.71 0.32 ± 0.30 0.001 

HI 0.18 ± 0.03 0.14 ± 0.03 0.001 

CI 0.47 ± 0.04 0.65 ± 0.04 0.001 

 
Table 2. The OARs dosimetric comparison for  

3DCRT and 5F-IMRT planning. 

 

Structure Parameter 3DCRT 5F-IMRT p-value 

Heart Dmean (Gy) 8.84 ± 2.82 18.52 ± 1.68 0.001 

Ipsilateral lung Dmean (Gy) 19.52 ± 2.77 20.32 ± 2.22 0.156 

Contralateral lung Dmean (Gy) 0.83 ± 0.10 7.09 ± 1.06 0.001 

Esophagus Dmean (Gy) 10.09 ± 3.68 20.01 ± 3.46 0.001 

Contralateral breast Dmean (Gy) 0.91 ± 0.17 3.56 ± 1.61 0.001 

Spinal cord Dmax (Gy) 29.92 ± 9.96 30.57 ± 4.44 0.733 

 
The 5F-IMRT planning offers a higher 

monitor unit than 3DCRT planning. In this study, 

the monitor unit values are 494.30 ± 25.61 MU and 

700.42 ± 47.75 MU for 3DCRT and 5F-IMRT 

planning. The higher the MU value, the longer      

the treatment time needed. The number of beams 

used and the high MU in IMRT have caused a larger 

volume of normal tissue to be irradiated with a lower 

dose [11,14,15]. The cumulative DVH of the     

heart, ipsilateral lung, and contralateral breast can be 

seen in Fig. 3. The cumulative DVH shows that      

5F-IMRT planning provides a larger volume of 

lower doses in each organ. 
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(a)  
 

 

 
 

(b)  
 

 
 
 

(c) 
 

Fig. 3. The cumulative DVH for the heart (a),  

ipsilateral lung (b), and contralateral breast (c). 

 
Table 3. The skin dosimetric parameters comparison for 

3DCRT and 5F-IMRT planning. 
 

Parameter 3DCRT 5F-IMRT p-value 

V30 (%) 48.69 ± 9.67 39.75 ± 9.88 0.001 

V40 (%) 31.47 ± 6.97 21.40 ±6.31 0.001 

Dmean (Gy) 24.65 ± 4.12 22.85 ± 3.68 0.002 

Dmax (Gy) 54.15 ± 0.68 53.89 ± 1.05 0.001 

 
The skin is defined as a structure with 3 mm 

thickness for the area exposed by radiation. The skin 

dosimetric parameters are evaluated using: the mean 

dose, maximum dose, V40, and V30 for both plans. 

The skin dosimetric parameters can be seen in     

Table 3, and the cumulative DVH is presented in 

Fig. 4. The 5F-IMRT planning presents a lower skin 

dose than 3DCRT. It means that IMRT planning 

offers a better skin-sparing effect. These results are 

in line with the previous studies [3,13].  

 

 
 

 
Fig. 4. The cumulative DVH of 3 mm skin structure. 

 

The IMRT planning reduces the high dose 

received by the skin because it has better dose 

conformity covering the target. The dose 

homogeneity in the target affects the chance of skin 

toxicity. The better dose homogeneity in IMRT 

could reduce skin toxicity [3,16,17]. V40 has 

provided a significant impact on moist desquamation 

[17]. In this study, V40 also provides a high 

difference between both plans. 

Another study based on NTCP modelling 

found that V35 for skin dosimetric parameters       

used to predict the risk of grade 2
+
 dermatitis in 

breast radiotherapy and dose constraint V35 < 85.7ml 

used to keep the incident of grade 2
+
 of toxicity     

less than 50 % [18]. Besides the dosimetric 

parameter and planning technique, patient 

characteristics should be considered for the incident 

of skin toxicity as well. Previous studies have shown 

that breast size also was one of the parameters which 

affected skin toxicity [16,19]. The dosimetric 

parameter from each plan is different for every 

patient because each patient has different anatomy 

and target volume. 
 

 

CONCLUSION 

The IMRT planning offers better skin-sparing 

which is good for cosmetic purposes without 

compromising the target coverage. The better skin-

sparing, the lower probability of skin toxicity 

occurrence. However, the IMRT planning gave a 

higher dose in OARs, and the heart requires a high 

consideration during left-sided breast radiotherapy. 

The 3DCRT planning provides a better sparing for 

the OARs so that a lower volume of the normal 

tissue received a low dose and a lower MU which 

gave a shorter treatment time. The patient 

characteristics and skin-sparing can be considered in 
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planning selection as well, aside from the OARs 

sparing and target coverage. 
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