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Abstract 
Influence of distinct radiotherapy techniques to induce second cancer risks in 
left breast cancer. Material and methods: Ten female patients with intact left 
breast cancer. Two treatment plans for each patient: 1) two tangential beams 
3D-Conformal radiotherapy, 2) intensity-modulated radiotherapy (IMRT) 
plan. Estimation of second cancer risk from Organ equivalent dose models 
(OEDs) in three dose-response model for organs at risk in left breast cases. 
Results: The P-value for OED models in 3D-IMRT for left lung, both lung, 
heart, right lung, right breast, thyroid, liver and spinal cord in linear dose 
model was 0.016, 0.005, 0.019, 3.95E−06, 5.79E−07, 0.003, 1.78E−10 and 
0.000206475 respectively, for linear exponential dose model 0.0577, 0.024, 
0.031, 3.40E−06, 3.28E−07, 0.003, 2.01E−10 and 0.000120072 respectively and 
in plateau dose model 0.088, 0.042, 0.039, 3.18E−06, 2.53E−07, 0.003, 
2.27E−10 and 9.00535E−05 respectively. Conclusion: organ equivalent dose 
models for organs at risk increasing in IMRT than tangential beams. 
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1. Introduction 

The most common cancer in US women patients is breast cancer, which is the 
second reason for death in cancer patients. Statistics evaluate that eighth of 
women of America can get breast cancer [1].  

Mastectomy is the traditional therapy for breast. Where nearly 1.7/3 of wom-
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en have grade (I or II) breast subject to conservation breast surgery, 1.1/3 make 
mastectomy. Late-stage of breast cancer can develop BCS with 1/3 %, and 2/3 % 
subject to mastectomy [2].  

Last studies approved that mastectomy can be a cause of disturbances like de-
pression and anxiety in addition to physical problems as breastfeed deficiency, 
loss of sensation in skin of chest and Deformation of body shape [3] [4]. 

Secondary cancer risk determined as aspect of impact about accidental and 
occupational irradiation then become well recognized for the age and as impact 
after radiotherapy. From preceding records regarding second radiation-induced 
cancer it confirmed occurrence over sarcoma of last irradiated area [5] [6] [7] 
[8] [9]. 

The modern studies reported dose-impact relationship for second radia-
tion-induced cancers. They estimated that second cancer risk rises with increase 
dose [10]. The dose-impact relation is not linear in most tumors for doses great-
er than 3 Gy. Connection for the dose rate is too significant, with less carcino-
genic impact in low doses [8] [10].  

The dose-response relationship is based on Radiobiological modeling to cal-
culate harm of inducing cancer after radiotherapy. The risk rises by low doses of 
radiation reaching a highest rate and then reduces with the rising dose. The best 
way to minimize the risk of second tumors is to decrease radiation dose to sites 
where the dose is already low [11] [12]. 

From principle of organ equivalent dose to report SCR, organ mean dose is 
not a linear function (due to inhomogeneity of dose within tissues), the principle 
of OED is the response of mean weighted dose overall volume of the organ. The 
risk percent for different plans is synonymous to OED ratios [12] [13]. 

Literature showed that inversed planning (IMRT) results in better dose dis-
tribution than conformal radiotherapy (3D-CRT) for treatment of breast after 
conservative breast surgery [14]. 

2. Materials and Methods 

1) Patient data and contouring 
Ten female patients of age above 45 years old with intact left breast cancer 

Stage (T1-T2 and N0) and no distant metastasis. Radiotherapy is indicated after 
conservative surgery and after end of prescribed course of chemo if indicated, 
ECOG Performance Score for patients was 0 - 1. Each patient planned with 
twice. Each patient made CT scan with 2 mm slice thickness then CT images 
send to contouring system (Focal Pro 4.64) to delineate Target volume and or-
gans at risk then transfer images to planning system (Computerized Medical 
Systems (CMS) XiO software release 4.64) where calculation made by using Ar-
tiste linear accelerator (Siemens). The two plans for each case were tangential 
beams 3D conformal radiation therapy and seven fields IMRT. The total dose to 
the target volume was 50 Gy delivered at 2 Gy per fraction treating daily, five 
days per week, the definition of target volumes and the prescribed dose accord-
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ing to recommendations of ICRU 50 and 62. Planning target volume (PTV) de-
lineation done based on Breast Cancer Atlas (RTOG). 

2) Tangential beams Three-dimensional conformal radiation therapy plan-
ning created with two tangent fields with energy 6 MV or 6 MV and 10 MV de-
pending on the patient separation. Fields were shaped at the beam’s eye view to 
encompass the PTV shape using multi-leaf collimator (MLC).  

3) Intensity-modulated radiation therapy planning created using 6 MV with 
seven fields started with medial tangential beam and ended with the lateral tan-
gent but not opposing to medial tangent field increasing angle with 5 degree and 
other beams distributed and divide around the target with equal space. 

4) Treatment planning evaluation 
Estimation of risk of secondary cancer for organs at risk by obtaining mean 

absorbed dose from Dose-volume histogram and calculating Organ Equivalent 
Dose models (OED) which is depending on the curve of dose-response to sti-
mulate tumors and may be linear response or plateau response or linear expo-
nential response dose. 

a) Linear response to dose 

( )Organ equivalent dose 1= ∑ i iV V D
 

b) Linear exponential response to dose  

( ) ( ) ( )Organ equivalent 1 α = − ∑ i i iV V D e D
 

c) Plateau response to dose model 

( ) ( )( )Organ equivalent 1 1 δ δ = − − ∑ i iV V e D
 

V is the volume of all the body, Vi is volume of organ at risk volume, and Di is 
mean dose absorbed for organ at risk, α and δ are a parameter to estimate re-
sponse curve of organ to dose [15]. 

It is a dosimetric study so there is no follow up taken to check difference be-
tween two plans.  

3. Results and Discussion 

Organ Equivalent dose calculation for ten patients of intact post-lumpectomy 
left breast cancer with tangent beams 3DCRT and 7 fields -IMRT plans for left 
lung, both lung, heart, right lung, right breast, thyroid, liver and spinal cord. 

3.1. Absorbed Dose (Gy) 

From Figure 1 we see the mean dose in Gy and the SD for tangent beam 
3D-CRT for left lung, both lung, heart, right lung, right breast, thyroid, liver and 
spinal cord for 3D-CRT were (6.777 ± 2.612), (4.243 ± 1.847), (3.501 ± 1.494), 
(0.173 ± 0.023), (0.109 ± 0.034), (0.293 ± 0.057), (0.353 ± 0.132) and (0.188 ± 
0.051) respectively and For IMRT, the doses were (10.496 ± 1.684), (8.479 ± 
3.196), (6.482 ± 2.554), (2.33 ± 0.525), (1.619 ± 0.642), (0.574 ± 0.185), (2.817 ± 
0.343) and (2.43 ± 1.294) respectively. 
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The mean doses of the left lung, both lung, heart, right lung, right breast, thy-
roid, liver and spinal cord were found to be significantly lower in tangent beams 
3DCRT than IMRT plans with P value 0.00135 for left lung mean dose, 0.00191 
for both lung mean dose, 0.00513 for heart mean dose, 0.000000000143 for right 
lung mean dose, 0.000000696 for right breast mean dose, 0.00023 for thyroid 
mean dose, P 0.0000000000000365 for liver mean dose and P 0.0000336 for 
spinal cord mean dose. 

3.2. Organ Equivalent Dose 

Figures 2-9 represent Organ Equivalent Dose models for left lung, both lung,  
 

 
Figure 1. Average absorbed doses in various OARs for 10 left breast cancer patients treated using 
tangent beam 3D-CRT and IMRT. 

 

 

Figure 2. Organ equivalent dose for left lung in tangent beam 3D-CRT and IMRT. 
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Figure 3. Organ equivalent dose for both lung in tangent beam 3D-CRT and IMRT. 
 

 

Figure 4. Organ equivalent dose for heart in tangent beam 3D-CRT and IMRT. 
 

 

Figure 5. Organ equivalent dose for right lung in tangent beam 3D-CRT and IMRT. 
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Figure 6. Organ equivalent dose for right breast in tangent beam 3D-CRT and IMRT. 

 

 

Figure 7. Organ equivalent dose for thyroid in tangent beam 3D-CRT and IMRT. 
 

 

Figure 8. Organ equivalent dose for liver in tangent beam 3D-CRT and IMRT. 
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Figure 9. Organ equivalent dose for Spinal cord in tangent beam 3D-CRT and IMRT. 
 

Table 1. P-value for OED models for second cancer risk in two tangent 3D-CRT and 
IMRT. 

OAR/ 
P-value OED 

Lin dose 
3D-IMRT 

Lin expo dose 
3D-IMRT 

Plateau dose 
3D-IMRT 

Left lung 0.016 0.0577 0.088 

Both lung 0.005 0.024 0.042 

Heart 0.019 0.031 0.039 

Right lung 3.95E−06 3.40E−06 3.18E−06 

Right breast 5.79E−07 3.28E−07 2.53E−07 

Thyroid 0.003 0.003 0.003 

Liver 1.78E−10 2.01E−10 2.27E−10 

Spinal cord 0.000206475 0.000120072 9.00535E−05 

 
heart, right lung, right breast, thyroid, liver and spinal cord between two tangent 
3D-CRT and IMRT in ten left breast cancer. 

From Figures 2-9 we notice that Organ Equivalent Dose for left lung, both 
lung, heart, right lung, right breast, thyroid, liver and spinal cord is lower in two 
tangent 3D-CRT than IMRT field. 

From Table 1 we conclude that there is no significant difference for left lung 
in model of exponential response and plateau response between tangent 
3D-CRT and IMRT but for left lung in linear dose response model all other or-
gans at risk there is significant difference for organ equivalent dose models in 
two tangent 3D-CRT and IMRT, where intensity modulated radiation therapy 
can induce second cancer risk for organ at risk than tangent beams three dimen-
sional conformal radiation therapy.  

The secondary of the dose depended on the distance from the isocenter and 
their modalities. Where TOMO, is less than or compatible with the secondary of 
the dose and OED from conventional IMRT and VMAT but TOMO is similar to 
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IMRT and VMAT as increasing the distance from the field edge [16]. 
Older radiation techniques increase the secondary risk where more volumes 

take high doses [17] [18] [19] [20] [21]. Nowadays radiotherapy techniques de-
crease risk of second cancer by reducing the organ at risk dose [14]. Smoke is 
significantly increase risk of lung cancer in patients even using modern radiation 
techniques [22] [23]. The risk of second cancers increases by using multi-field 
IMRT when comparing with 3D-CRT where enormous normal tissue exposed to 
lower doses [14] [24]. 

Organs near to the PTV have rising risk to stimulate second cancer [25]. 
Second cancer risks for in-field organs were more than for organs outside of 
treatment field with an exception for ITF and VMAT plan [16]. Optimization 
and conformation to treated volume consequence reduce in relative OED in all 
three relationships dose-response. Volumetric arc therapy and intensity mod-
ulated radiation therapy plan decreases volume receive high dose close to nor-
mal organs by increasing the numbers of field to attain more conformed dose 
while increasing spare of the low dose across a larger volume while a resulting a 
high doses to skin [12]. 

Treatment modality used in left breast cancer may be a relative cause of 
second cancer risk [26]. Where doses for organs at a distant from the treated 
volume in volumetric modulated arc therapy increases the risk of second cancer 
to these organs. Conventional plans compared to new complicated plans are re-
ported to increase second cancer risk organs at risk like in heart and left lung 
[12]. 

Radiotherapy patients sometimes have increasing risk to develop second can-
cer due to some factors as genetic, environment and their culture which is more 
dominant than risk from radiation [15] from dose-response curve we can’t know 
which model is reasonable for carcinogenesis but Plateau model may be suitable 
to evaluate risk of second cancer [12]. 

4. Conclusions 

From the present study we conclude that the mean doses of the left lung, both 
lung, heart, right lung, right breast, thyroid and liver were found to be signifi-
cantly higher in intensity modulated radiation than tangent beams three dimen-
sional conformal radiation therapy plans for left breast cancer.  

The second cancer risk for organ equivalent dose models for organs at risk in-
creasing in intensity modulated radiation than tangent beams three dimensional 
conformal radiation therapy. 
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