
Introduction
Breast cancer is one of the most commonly 

diagnosed cancers among women worldwide with 1.4 
million cases per year, accounting for almost one-

1,2
third of  malignancies in women.  Postoperative 
radiation therapy has a proven role in the treatment of 
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Background: Nowadays, radiation therapy plays an important role in the 
treatment of breast cancer. The important point is the optimal control of the tumor 
along with the protection of organs at risk. This study aims to investigate and 
compare the radiobiological factors of the tumor and organs at risk in two different 
radiation therapy techniques of breast cancer.

Methods: Ten left-sided breast cancer patients with breast-conservative surgery 
were selected for this study. Three-dimensional treatment planning was performed 
using CT scan images of the patients using PCRT 3D software. Two different 
tangential external beam techniques were compared: first, dual-isocentric technique 
(DIT) with two isocentre, one on the breast tissue, and the other one on the 
supraclavicular lymph nodes and second, a mono-isocentric technique (MIT) with 
one isocentre at the intersection of the tangential and the supraclavicular field. The 
total prescribed dose was 5000 cGy per 25 fractions. Dose-volume histograms 
(DVHs), Tumor control probability (TCP), and normal tissue complication 
probability (NTCP) curves were used to compare the dosimetric and radiobiological 
parameters of the tissues in the prementioned techniques. 

Results: The results showed that the maximum doses in planning target volume 
(PTV) with mean values of 109% and 110% in the SI and DIT were not significantly 
different in both techniques and that they were indeed at the optimum level based on 
the RTOG 1005 protocol. The dose homogeneity index in MMIT was more than 
that in DIT, while the conformity index and the mean TCP did not show a significant 
difference in the two techniques. Furthermore, minimum, mean, and maximum 
dose in the lung and the probability of pneumonitis decreased in MIT. On the other 
hand, the maximum dose, the dose of 33%, 66%, and 100% of the heart, and the 
probability of pericarditis in MIT were lower than the figure in DIT. 

Conclusion: Due to the absence of hot spots at the intersection of tangential and 
supraclavicular fields and the reduction of mechanical movements of the coach 
and collimator in MIT, the superiority of this method was confirmed.
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early stages of breast cancer to improve local 
3-10control, survival, and reducing cancer recurrence.  

On the other hand, breast radiation therapy can be 
accompanied by several complications such as 
cardiovascular and pulmonary damages that are due 
to irradiation of non-target tissues around the breast, 

1, 4, 6, 11-19chest wall, and regional lymph nodes.  Two 
opposite-parallel tangent fields are used for breast 
tissue irradiation and one anterior field is applied for 
the supraclavicular irradiation. It is possible to have 
overdose or underdose at the intersection of two 
adjacent radiation fields that can be due to mismatch 
of the borders of the fields, which will ultimately 
have a direct impact on the treatment complications 
and tumor control. 

Current guidelines for the locally advanced breast 
cancer normally recommend that elective nodal 
irradiation should be applied to the regional 

20
lymphatics as well as the whole breast.  Also, nodal 
irradiation is recommended strongly by the National 
Comprehensive Cancer Network (NCCN) guidelines 

21 
for N1 breast cancer patients. Furthermore, 
supraclavicular-axillary irradiation decreases the 
locoregional recurrence and mortality in the patients 

22with lymph-node-positive breast cancer.  In the 
study of Kim et al., regional recurrence in the 
supraclavicular nodes occurred in only 1% of 
patients. This is a very low recurrence rate showing 
that supraclavicular-axillary irradiation should be 
performed in all patients. This study has also shown 
that supraclavicular-axillary irradiation can 
significantly decrease the risk of distant metastasis, 

23
as well as regional lymph-node recurrence.  

A study by Whelan et al. showed that metastasis-
free survival increased in the patients who received 
supraclavicular-axillary irradiation compared to 
other patients who did not have regional nodal 
irradiation (78% vs. 75%, P=0.02). Also, breast 
cancer mortality was lower among patients in the 
nodal-irradiation group than control patients. 
Besides that, the rate of heart disease or deaths from 
heart disease did not increase among patients who 
received regional nodal irradiation at a follow up of 

249.5 years.  Tai et al. evaluated the role of 

supraclavicular-axillary irradiation according to the 
nodal ratio (NR). The results revealed that for 
patients with >10 nodes examined, supraclavicular-
axillary irradiation significantly increased the 
survival in the median and high NR patients but not 
in the low NR patients. In their study, the patients 
were considered in three NR groups: low (LNR, 
<25%), medium (MNR, 25% to 75%), and high 

25 
(HNR >75%) nodal involvement.

The effects of radiation therapy on cancer and 
healthy cells are characterized by two probabilities: 
first, tumor control probability (TCP), which 
indicates the probability of not having any cancer 
cells after radiation treatment, and second, the 
likelihood of expected complications called normal 

26-28
tissue complication probability (NTCP).  One of 
the most critical factors that have a significant effect 
on the treatment complications is the radiation 
therapy technique. Several techniques have been 
proposed for external breast cancer radiotherapies 
such as 2D, 3D, Intensity-modulated radiation 
therapy (IMRT), Image-guided radiation therapy 
(IGRT), and field-in-field technique with advanced 
technologies and special software. Moreover, 
several methods such as mono-isocenter, multi-
isocenter, half-beam, and full beam have been 
developed for application in the prementioned 

29, 30
techniques.  In this study, two different techniques 
in 3D radiation therapy including mono-isocentric 
technique (MIT) and dual-isocentric technique 
(DIT) were selected for dosimetric and radiobiologic 
evaluation and comparison. The dosimetric 
comparisons between the two techniques have been 

4, 17, 19, 29, 31
performed in many studies ; so in this study, 
we evaluated the radiobiologic factors such as TCP 
and NTCP as well as the dosimetric factors and lung 
and cardiac exposure rate using different external 
breast radiation therapy techniques.

Methods
Patients’  information
In this study, ten patients with early-stage 

invasive ductal carcinoma breast cancer and 
conservation surgery were selected at the Radiation 

Figure 1. Isocenter positioning. a) dual-isocentric technique with isocenter applied to the breast tissue, b) mono-
isocentric technique with isocenter located at the intersection of the two tangent and supraclavicular fields.
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and Oncology Center of Vali-e-Asr Hospital in Qom.

Treatment Planning
In the DIT which is the most common method of 

whole breast radiation therapy, two isocenters are 
defined; one on the breast tissue and the other on the 
upper area of the breast tissue to irradiate the 

32 
supraclavicular lymph nodes. It is worth mentioning 
that, in this technique, there is a gap between the two 
adjacent fields due to the radiation beam divergence 
(Figure 1a). 

In the MIT, only one isocenter is defined at the 
intersection of the tangent and supraclavicular 
fields, so that the upper field is blocked for the 
radiation of the tangent field, and then the lower field 
is blocked for the radiation of the supraclavicular 

33
field (Figure 1b).  In this case, a non-divergence 
beam leads to the optimal matching of adjacent 
fields. Unlike the DIT, there is no collimator and 
couch rotation in the MIT.

Patients' CT scans were transferred to PCRT 3D 
(6.0.2.14) software for planning radiation fields. The 
lung, heart, and PTV tissues were contoured in all 
slices of the axial CT scans by a radiation oncologist. 
Due to breathing, patient position, breast swelling, 
and setup inaccuracies, usually 1 cm margin was 
considered around the clinical target volume (CTV) 
and Planning Target Volume (PTV).

 Radiation dose and fractionation
A dose of 50 Gy in 25 fractions over 5 weeks was 

prescribed for 100% of the isodose, so that patients 
received 2Gy per fraction. Treatment planning was 
performed to cover the entire PTV by the isodose 

3495% and the maximum PTV dose less than 110%.

Beam characteristics
The SHINVA linear accelerator with 6 MV X-

rays, 40 cm× 40 cm asymmetrical jaws, and 
orthogonal mechanical wedges was capable of 
matching the 40 cm length of the field of view 
(FOV). The PCRT treatment planning software was 
also used for this study to access the target volume 
and organ at risk dose rate.

Limitations of lung and heart radiation
Dosimetric goals of study for lung and heart were 

defined according to the recommendations of the 
radiotherapy and oncology group, termed RTOG, as 

35
follows:

 V20≤20%, V10≤40%, V5≤55% for the lung
 D33% ≤60Gy, D66% ≤45Gy, D100% ≤40Gy, 

and V10≤35% for heart
 These values were extracted from DVHs for each 

organ.

Dose homogeneity index and conformity index
Dose homogeneity index (HI) and conformity 

index (CI) are two possibilities used to evaluate 

34, 36, 37
breast conformal treatment plans.

The following equation was used for HI 
calculation:

               HI = D5 / D95             (1)   

Where D5 is a minimum dose of 5% in PTV, 
indicating a maximum dose (Dmax) and D95 is a 
minimum dose of 95% PTV, representing a 
minimum dose (Dmin). The lower (close to one) the 
factor, the better is the dose homogeneity.

CI is also defined as the ratio of the volume 
surrounded by the reference isodose (which 
according to ICRU, is 95%) to the target volume 
planned by the physicist and its formula is as 
follows:

          CI= VRI / TV                       (2)

 Where VRI is the reference isodose volume and 
TV is the target volume.

TCP and NTCP assessment for lung and heart 
tissues

The TCP is the probability that no clonogenic cell 
can survive in the treated volume at the end of the 
treatment. It is described by a Poisson distribution 
with parameter λ which gives the final number of 
clonogenic cells. The model parameters are:

αm: mean linear radio sensitivity coefficient for 
the tumor (Gy-1)
βm: mean quadratic radio sensitivity coefficient 
for the tumor (Gy-2)
σα: standard deviation of α
σβ: standard deviation of β
Tdup: doubling time for the tumor (days)
Tk: onset time for accelerated proliferation 
(days)
T: total time (natural days) of treatment (days)
Q0: initial density of clonogenic tumor cells

Initially, since all of the radiobiological parameters 
for standard fractionation (2 Gy per session) have been 
calculated, the dose-response curve for this 
fractionation is plotted. In the case of breast cancer, 
because of the uniformity of dose per fraction with 
standard fractionation, there is no need for uniformity 
and change in the dose-response curve. The mean 
values of radiation sensitivity and their related standard 
deviations are already available in the software. Finally, 
using the model, the final number of clonogenic cells is 
calculated with each radiation sensitivity.

                                                                        (3)

                     
                                                                        (4)
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-1  -2 
Where α= 0.51 Gy , β= 0.061 Gy , T  = 12, T = 12, k pot 

3and Density of 1000 Cell/Cm  were considered for 
breast cancer.

NTCP calculation was performed using Lyman-
Kutcher and Burman model. This model also known 
as a normal or empirical model which calculates the 
complications probability of normal tissues in a non-
uniform irradiation using dose-response histograms. 
Moreover, this model can estimate the probability of 
complications for uniformly irradiated organs. In 
this regard, we applied the method of effective 
volume in which a non-uniform dose-volume 
histogram was mapped onto a uniform dose-volume 
histogram with a volume equal to the effective 
volume and a dose equal to the organ maximum dose. 
This effective volume was calculated by the 
following equation:  

                                                                       (5)

Where (vi , Di) are the histogram pairs, vi is 
normalized to 1, D  is the organ maximum dose and max

k is the number of histogram pairs. First, the 
histogram must be transformed to the standard 
fractionation schedule (2 Gy/fraction). Subsequently, 
the following equation is used for NTCP:

                                                                        (6)

                                                                        (7)

Where n and m are obtained empirically by fitting 
the expression for NTCP to the tolerance doses for 
each organ totally and partially irradiated with a 
uniform dose; D50 is the dose that causes 
complications with 50% probability when the tissue 
is homogeneously irradiated. For NTCP calculation, 
the parameters were defined in Table 1.

Results
PTV
The results of dosimetric analysis in PTV are 

summarized in Table 2 and Figures 2 and 3.
The minimum dose in MIT (1044 cGy) was 

significantly lower than that in DIT (1641cGy) (p-
value = 0.03). Also, the mean dose in the MIT (4810 
cGy) was lower than that in DIT ( 4928 cGy) (p-value 
= 0.00). On the other hand, the maximum dose in the 
MIT (5463 cGy) and DIT (5510 cGy) did not show a 
significant difference (p-value = 0.19). The maximum 
dose percentage of PTV  was 109%  and 110% in the 
MIT and DIT, respectively (Table 2). This value was 
lower than the ideal threshold recommended by  
RTOG 1005 (115%), indicating that there was no hot 
spot in both techniques (Figure 2).

Table 1. The parameters used for NTCP calculation

 in left lung and heart 

Parameters
 -1α (Gy )
-2β (Gy )

n
m
D (Gy)50

0.035
0.008
0.87
0.18
24.5

0.058
0.029
0.35
0.1
48

HeartLeft lung

Table 2. Comparison of calculated values in two mono-isocentric and dual-isocentric-

techniques for PTV. The values include D  (minimum dose), D  (mean dose), min mean

D  (maximum dose), HI (Homogeneity index), and CI (Conformity index)max

parameter

Dmin

Dmean

Dmax

Dmax

HI*
CI*

1044.1
4810.4
5463.4
109.29
1.15
1.52

1641.5
4928.6
5510.1
110.21
1.12
1.51

0.03
0

0.19
0.2
0

0.96

<115% <120%

MIT* DIT* P-value RTOG*

Ideal Acceptable

*Abbreviations: DIT = Dual-isocentric  Technique, MIT= Mono-Isocenteric Technique, HI= Hemogeneity 
Index, CI= Conformity Index, RTOG= Radiation Therapy Oncology Group

Figure 2. The mean values of the minimum, mean and maximum dose of PTV in both mono-isocenteric and dual-isocentric techniques. 
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The homogeneity index of the beam in the MIT 
(1.15) was higher than that in the DIT (1.12). Given the 
fact that the amount of this factor was close to 1 in both 
techniques, the results showed that homogeneity was 
acceptable in these techniques (Figure 3). Furthermore, 
the conformity index with mean values of 1.52 in the 
MIT and 1.51 in the DIT did not show a significant 
difference (p-value = 0.96 ). As Figure 4 shows, the 
isodose curves in the DIT and MIT are similar and 
there is no significant difference between the two 
techniques.

Left lung
As shown in Table 3, all parameters calculated for 

the left lung decreased in MIT (p-value < 0.05), except 
V20 (Figure 5a).

V20 was not significantly different in the two 
techniques (p-value = 0.1); the values of this parameter 
in both MIT and DIT (23% and 26%, respectively) 
were higher than the acceptable threshold by RTOG 
1005 (20%). Additionally, V5 and V10 were ideal and 

38
lower than the threshold  (Figure 5b). 

Heart
Based on the information given in Table 4, the mean 

value of D  was 127.9 and 173.3 for MIT and DIT, min

respectively. Also, the mean value of D  was 4843 and max

4960 in SI and DIT, respectively (Figure 6a). The P-
values calculated for these parameters indicated a 
reduction in the MIT, while the D  with a mean value mean

of 831 for SI and 883 for DIT did not show a significant 
difference between the two techniques. D33%, D66%, 

Figure 3. Homogeneity index and conformity index in the mono-isocenteric and dual-isocentric techniques

Figure 4. Isodose curves in the medial tangent beam. a)
 the dual-isocentric technique with collimator and couch rotation

 and b) the mono-isocentric technique without those rotations.

 

Table 3. Comparison of the calculated values in two mono-isocentric and dual- 

isocenteric techniques for the left lung.

parameter

D  (cGy)min

D  (cGy)mean

D  (cGy)max

V20* (%)
V10* (%)
V5* (%)

125.6
1219.8
4914.3
23.33
25.89
29.99

149.8
1374.2
5058
25.98
30.24
37.24

0.01
0.04
0.00
0.1
0.02
0.00

<15%
<35%
<50%

<20%
<40%
<55%

MIT* DIT* P-value RTOG

Ideal acceptable

*Abbreviations: DIT = Dual-Isocentric Technique, MIT= Mono- Isocenteric Technique, V5, V10 and 
V20 = the volume of lung receiving 5,10 and 20 Gy, respectively.
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and D100% were lower in MIT; however, the values 
for both techniques were acceptable according to 
RTOG. V10 was lower than the RTOG threshold with 
no significant difference between the two techniques 
(Figure 6b).

TCP and NTCP
TCP and NTCP calculations were performed using 

the radiobiological part in the PCRT 3D software. The 
corresponding curves were drawn and the TCP and 
NTCP values were extracted for the 50Gy prescribed 

dose. As shown in Table 5, TCP in the MIT with a mean 
value of 82.8% (the range of 69-89%) and a mean 
value of 84.8% in the DIT (the range of 73-95%) did 
not reveal a significant difference (P-value = 0.08). On 
the other hand, the mean NTCP for the left lung in MIT 
was 6% (the range of 2.9-10.6%), less than that in the 
DIT (mean value of 7.5% and the range of 4.1-12.4%). 
The heart NTCP was 0.77% (the range of 0.19-1.8%) 
and 0.97% (the range of 0.24-1.9%) in the MIT and 
DIT, respectively (Figure 7).

Figure 5. Parameters were calculated for the lung in two mono-isocentric
 and dual-isocentric techniques. a) the minimum, mean and maximum 

dose of the lung, b) the volume of the lung (V5, V10, and V20) 
receiving 5, 10, and 20 Gy, respectively.

Table 4. Comparison of calculated values in two mono-isocenteric and dual-isocentric 

techniques for the heart.

parameter

D (cGy)min 

D (cGy)mean 

D (cGy)max 

D (cGy)33%* 

D  (cGy)66%*

D  (cGy)100%*

V  (%)10

127.9
831.4
4843.1
353.2
212.9
122.2
16.47

173.3
883.8
4960.8
404.2
265.1
170.3
17.71

0.00
0.24

0.00
0.00
0.00
0.26

≤60Gy
≤45Gy
≤40Gy
<30% <35%

MIT DIT P-value RTOG

Ideal Acceptable

*D , D , and D = dose of 33%, 66% and 100% of heart volume.33% 66% 100%

Figure 6. Parameters calculated for the heart in MIT and DIT.
 a) the minimum, mean, and maximum heart dose,

 b) the dose of 33%, 66% and 100% volume of the heart.

Table 5. Values of target volume TCP and NTCP of organs at risk 

parameter

TCP of PTV (%)
NTCP of Lung (%)
NTCP of Heart (%)

82.8±2.2
6.16±0.8
0.77±0.2

84.8±2
7.57±1

0.97±0.17

0.08
0.02
0.04

MIT DIT P-value
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Discussion
In general, the outcomes of successful radiation 

treatment planning are tumor control and the 
incidence of complications.  However,  the 
simultaneous control of these outcomes is not only 
possible by dosimetric factors; the radiobiologic 
factors seem to be also essential to evaluate and 
optimize treatment planning. In this study, two 
external radiation therapy techniques for breast 
cancer including MIT and DIT were investigated 
using radiobiological factors such as TCP and NTCP 
as well as dosimetric parameters.

Despite dual or mono-isocentric (conventional) 
techniques, advanced radiotherapy techniques such 
as  VMAT, IMRT-IGRT, tomotherapy and 
protontherapy are not widely available for breast 
cancer radiotherapy and are restricted to highly 

39 selected patients. Although advanced techniques 
such as intensity-modulated radiotherapy (IMRT) 
and volumetric imageguided radiotherapy (V-IGRT) 
improve the tumor control and normal tissue 
complication, conventional radiotherapy in breast 
cancer have remained the standard treatment 
techniques. The interaction between tomotherapy 
and nodal irradiation improved the outcome, 

40 
although it did not reach significance.

Taylor et al. published a review article on heart 
dose in breast cancer, summarizing 149 articles and 
398 regimens, showing that the mean heart dose was 
5.4Gy (range between 1.6-8) in the 3D breast cancer 
radiotherapy without intramammary lymph nodes. 
The values obtained in our study were 8.3Gy for 
MIT and 8.8Gy for DIT that was at the upper limit of 

4Taylor's article.  The values obtained in the study by 
Adam et al. for the mean and maximum heart dose in 
the 3D technique were 13 Gy and 51Gy, 

37
respectively , which were more than the values  in 
our study for both DIT and MIT (Table 6).

According to the protocol published by the RTOG 
41

0972 , cardiac exposure limitations for 33%, 66%, 
and 100% of the heart are 60, 45, and 40Gy, 
respectively. The values of heart tissue tolerance in 
the study by Emami et al. were similar to those of 
RTOG 0972, although the extracted values in our 

study were significantly lower than those in their 
study. According to the RTOG 1005 protocol, the 
ideal volume limit for the heart tissue receiving 10Gy 
and more is 30% and in our study, these values were 

4116% and 17% for MIT and DIT, respectively.  In 
contrast, Chan reported a V10 of 3.4 ± 5.5% for heart 

17in left breast 3D radiotherapy , which is lower than 
those in our study.

Ohashi et al. claimed that cardiac complications 
would be minimized if the heart receives less than 

42
30Gy.   Emami et al. also stated that if the mean 
heart dose is less than 26Gy, the pericardial 

43
inflammation would be less than 15%.  Radiation-
induced heart-related injuries include acute and 
chronic damage. Pericardial inflammation is an 
acute injury that is often transient but can be chronic. 
The probability of cardiac complications calculated 
in our study for pericardial inflammation with a 
mean of 0.77 in SI and 0.97 in DIT was consistent 
with the study by Astudillo et al. who reported 0-1 
for heart NTCP. In the current study, the heart 
dosimetric parameters in MIT were lower than that 
in DIT, and in fact, heart exposure was reduced in 
MIT. Furthermore, NTCP results indicated that the 
inflammation risk of the pericardium decreased due 

44to the heart dose reduction.  
Chan et al. reported 52.3 and 10.7 Gy for the 

17 maximum and mean doses of the lung, respectively.
The maximum dose of the lung in the current study 
with a mean value of 49 Gy in MIT and 50 Gy in DIT 
was lower than that in the study by Chan et al; while 
the mean dose calculated for MIT with 12 Gy and 
DIT with 13.7 Gy was higher than that in their study. 
In Chan et al.’s study, V5, V10, and V20 values for 
the lung were 35.9, 28.5, and 21.8%, respectively,  
and V5 and V10 in their research in MIT were more 
than that in our study, while these values in DIT were 
less than those in our study.

On the other hand, V20 in our study was higher 
than reported values in both techniques in the 

38
previous research and the RTOG 1005 threshold.  
Although in the previous RTOG recommendation 

30
(version 0972 ), the threshold for V20 was 35% 
which was consistent with our study. In Adam's 

Figure 7. TCP and NTCP calculated for dual and mono-isocentric technique.
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study, V20 for lung was  24% and higher than that in 
our study. The mean dose of the left lung was 
reported to be 12 Gy which was identical to the 
values of the MIT but less than the DIT values in our 
study. Emami et al. claimed that pulmonary 
inflammation due to irradiation was the most 
common complication among patients with breast 
radiation therapy and that the risk of this 
complication often limited the prescription dose in 
the treatment. They estimated the risk of pulmonary 
inflammation at 10% when V20 was less than 31%, 
arguing that the likelihood of inflammation was 5% 
for V5 less than 42%. These values resemble the 
values obtained in the current study and 
consequently, it was expected that the NTCP for the 
pulmonary inflammation would be the same as the 

43value reported by Emami et al.  In our study, the 
NTCP was 7.57 and 6.16 for the DIT and MIT, 
respectively while the mean value of the left lung 
NTCP in the study conducted by Astudillo ranged 
from 6 to 53%. Hurkman also reported that 
pulmonary inflammation was not observed in the 

14
patients receiving 8 Gy mean lung dose.  

The normalization point of the tangential field 
was defined in the same region with a slight 
difference in both techniques. The maximum dose 
was received in the DIT and it was in the acceptable 
limit according to RTOG 1005; no hot point was 
observed. Reducing the hot spots in the isodose 
curves has a direct effect on the treatment outcomes 
and decreases the superficial breast skin burns. The 
average value of TCP, which represented the result 
of all dosimetric calculations, did not show a 
significant difference in the two techniques, and in 
fact, both techniques provided similar tumor control. 
Kara et al. pointed to the superiority of the MIT, with 
a reduction of more than 50% in hot spots, and the 
values of the minimum and mean dose in the MIT 

45
were close to the values of the prescription dose.  In 
our study, all values for the left lung, except V20, 
were significantly different in the two methods, and 
in the MIT, the dose and volume of the exposed lung 
decreased. A significant decrease in the parameters 
for the heart was observed in the MIT technique in 
the DIT in our study. Rosenow et al. also reported 

11
lung dose reduction in the MIT technique.

However, the dose-volume curves of organs at 
risk of the lung and heart showed a significant 
difference in all patients with a history of breast 

11 conservative surgery and mastectomy.
Kagkiouzis published a review of three-field 

techniques in breast cancer radiation therapy, which 
introduced tangent and supraclavicular fields 
matching as the most complex clinical problem that 
could be due to breast disordered morphology (Such 
as breast shape and chest slope) and divergence of 

46radiotherapy fields.  Also, in the clinic, these 
parameters such as patient setup and fixing the 
collimators have more effect on the adjacent 

radiation fields matching than the type of treatment 
technique. Several papers pointed to the reduction of 
hot spots in MIT. The MIT technique reduces the 
overall time of the treatment and also decreases the 
errors caused by the patient's movements but the 
disadvantage is that  treatment planning takes 
longer. It has been argued that a slight difference in 
breast and supraclavicular field matching leads to 
high dosimetry changes in the target volume, lung, 
and bilateral breast, and there is a need for high 

46
precision and jaw control in the treatment.

The presence of one isocenter as well as the 
absence of collimator and couch rotation in the MIT 
increases the speed of patient setup and reduces the 
treatment time. On the other hand, the need for 
displacing the isocenter point for two different fields 
increases precision and repeatability. The main point 
is the absence of hot spots, cold spots, overlaps of the 
tangent and supraclavicular fields, which reduces 
the risk of treatment complications and cancer 

11,47,48
recurrence.  It is worth mentioning that the 
collimators cover a maximum length of 40 cm. 
Using asymmetric jaws and the MIT allows the 
opening of therapeutic fields up to 20 cm, which may 
not be enough for some patients with a large breast 
(length of more than 20 cm); so in these cases, the 
dual-isocentric technique should be used. Another 
issue that we encountered in the clinic is the effect of 
the isocenter location on the treatment accuracy. In 
the MIT, the isocenter is located close to the axillary 
region and the repeatability of the treatment is 
reduced in patients with obesity or those having 
tissue irregularities and flexure due to breast surgery. 
Consequently, the treatment does not have adequate 
accuracy and, thus, it is recommended to use a dual-
isocentric technique with two separate isocenters. 

To compare different conventional breast 
radiotherapy techniques, the mean absolute dose 
deviation (MADD) has been developed; this 
parameter measures how widely the dose delivered to 
an organ deviates from a reference dose prescribed 
for that organ and integrates the balance between 
tumor control and normal tissue complication. Wang 
et al. evaluated the dosimetric advantage of prone 
setup compared to supine for left-breast radiotherapy. 
In their study, radiation doses to heart, lungs, breasts, 
and tumor bed were assessed using MADD. 
Subsequently, as a weighted sum of the MADDs was 
normalized to the breast prescribed dose, a penalty 

49score was computed for each treatment plan.
Several limitations to this study need to be 

acknowledged. First, the sample size was small due to 
the inclusion/exclusion criteria in this study and the 
time limitation that the researchers encountered 
during this project. With a larger sample size, more 
significant results could have been extracted from the 
data. Second, the present study was subject to some 
potential methodological weaknesses; for example,  
a) TCP and NTCP are multi-parametric non-linear 
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models that have not received formal validation. The 
more parameters, the greater the likelihood of a 
model being wrong, b) TCP and NTCP were 
evaluated differently, one set of equations for targets, 
another set for organs, intrinsically disparate metrics, 
c) Using TCP and NTCP can only be hypothesis-
generating.

Regarding the findings of this study and the 
review of other studies, in both MIT and DIT the 
dose coverage of PTV and tumor control probability 
was similar, while the dose of organs at risks such as 
heart and lung was reduced in the MIT. All in all, it 
can be stated that the MIT provided an improved 
treatment plan compared to the DIT.
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