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Abstract
Background: The treatment of lymph nodes engaged in breast cancer with radiotherapy leads to improved
locoregional control and enhanced survival rates in patients after surgery. The aim of this study was to compare
two treatment techniques, namely single anterior posterior (AP) supraclavicular field with plan depth and two
anterior and posterior opposed (AP/PA) supraclavicular fields. In the study, we also examined the relationships
between the depth of supraclavicular lymph nodes (SCLNs) and the diameter of the wall of the chest and body
mass index (BMI).
Methods: Forty patients with breast cancer were analyzed using computed tomography (CT) scans. In planning
target volume (PTV), the SCLNs and axillary lymph nodes (AXLNs) were contoured, and, with the attention to
PTV, supraclavicular (SC) depth was measured. The dosage that reached the aforementioned lymph nodes and
the level of hot spots were investigated using two treatment methods, i.e., 1) AP/PA and 2) AP with three-
dimensional (3D) planning. Each of these methods was analyzed using the program Isogray for the 6 MV
compact accelerator, and the diameter of the wall of the chest was measured using the CT scan at the center of the
SC field.
Results: Placing the plan such that 95% of the target volume with 95% or greater of the prescribed dose of 50 Gy
(V95) had ≥95% concordance in both treatment techniques. According to the PTV, the depth of SCLNs and the
diameter of the wall of the chest were 3-7 and 12-21cm, respectively. Regression analysis showed that the mean
SC depth (the mean Plan depth) and the mean diameter of the wall of the chest were related directly to BMI
(p<0.0001, adjusted R2=0.67) and (p<0.0001, adjusted R2=0.71), respectively.
Conclusion: The AP/PA treatment technique was a more suitable choice of treatment than the AP field,
especially for overweight and obese breast cancer patients. However, in the AP/PA technique, the use of a single-
photon, low energy (6 MV) caused more hot spots than usual.
Keywords: Breast cancer; Supraclavicular; Axillary; Lymph node; Body Mass Index (BMI)

1. Introduction
Axial computed tomography (CT) scan simulation and three-dimensional conformal radiation therapy (3DCRT) are
now acceptable for use in planning radiation treatment for breast cancer patients (1). Many clinical trials have shown
the benefits of postoperative regional radiotherapy for women with breast cancer in decreasing locoregional breast
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cancer recurrence and increasing overall survival. After breast-conserving surgery (BCS), all patients will need
adjuvant radiotherapy to the entire breast, and they also will need radiation therapy to AXLNs and SCLNs if they
showed involvement in the patients’ final pathologic results. It is clear that, after modified radical mastectomy
(MRM), breast cancer patients will need adjuvant radiotherapy to the chest wall and to AXLNs and SCLNs if the
latter are involved or if the size of the tumor is 5 cm or there were T4 tumors in their final pathologic results (2-5).

Images from CT simulation are very important to radiation oncologists for contouring AXLNs and SCLNs. Fifteen
years ago, the most common method for delivering radiation therapy to SCLNs was to use of single photon, low-
energy source (Cobalt 60 or 6MV) empirically prescribed to the depth of maximum dose (Dmax) or D = 3 cm (1-6).
However, previous studies found that, in well-developed countries, when radiation oncologists used a single AP to
SCLNs and the radiation dose was calculated and delivered  to the PTV, 66% of the radiation therapy treatments had
a specific depth (not D = 3 cm) in 67.5% of the patients and to the midplane in 17% of the patients (1). It seems that
empirical prescription depth points may not cover the target nodal basin properly in all patients who previously
showed large variations in the position and depth of SC and AXLNs (7). Therefore, optimal CT techniques are
needed to improve dose homogeneity and dose conformality (8-11). There is a particular challenge among radiation
oncologists in treating AXLNs and SCLNs to optimize the treatment with different planning techniques.

The purpose of this study was to compare the different treatment techniques for treating the axillary level II/III and
SC using different choices of two treatment plans for the AXLNs and SCLNs regions, i.e., by offering optimal dose
homogeneity and by planning target volume (PTV) coverage.

2. Materials and methods
2.1. Research Design and Setting
This was a cohort-analytic study. We investigated the plans that had been developed and/or used for the breast
cancer patients who were referred to the radiation-oncology ward at Shohada-e-Tajrish Hospital in Tehran, Iran, in
2014. Because all 40 breast cancer patients had already received radiation therapy to their regional lymph nodes
before our study, any changes that were made to their treatment plans did not have any effect on their cure rate.

2.2. Sampling
The required sample size for this research was determined to be 40. The following formula was used to calculate the
sample size:
n=Z2p (1-p)/d2,
Where:
n=Sample size
Z=Normal distribution percentile
p=Probability
d=Confidence interval

2.3. Data collection
Forty breast cancer patients, who were treated at Shohada-e-Tajrish Hospital in 2014 with post-surgery radiation that
included a SC field, were selected for the study. The plans were generated using a three-dimensional (3D) planning
system and a 6MV Compact machine. Each patient underwent CT-simulation for radiation treatment planning. The
patients were immobilized on a breast board while they were in supine position with 90-degree abduction of the
ipsilateral arm, and a trained technician conducted the CT simulation by taking a slice with a thickness of 3 mm.
Treatment target volumes, including SC and axillary Level II and Level III (LII and LIII) lymph nodes, were
contoured by a radiation oncologist according to the radiation therapy oncology group 8 (RTOG 8) protocol. We
planned to treat each patient by two techniques, i.e., 1) direct anterior-posterior (AP) field alone and 2) an anterior-
posterior parallel pair (AP/PA). A 10-degree external gantry rotation was used to reduce unnecessary radiation
dosage to the spinal cord. The treatment plans were generated using Isogray treatment planning software (version
4.1.3.23L). For the technique with a single field, the calculation of SC depth was measured vertically from the
surface of the skin to cover LII, LIII, and the SC nodal bed as PTV. The diameter of the wall of the chest was
measured vertically in center of the SC field.

One hundred and twenty plans were evaluated by a radiation oncologist and a radiation physicist (two plans for each
of the AP/PA fields and 1 plan for each single AP field). We determined optimal coverage of 95% of the target
volume with 95% or greater of the prescribed dose (V95). We tried to reduce hot spots that did not have more than
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7% of irradiated volume but received more than 105% of the prescribed dose (V105) as low as possible. It was
reasonable that the improvements in the accuracy of the CT simulation and 3DCRT depended on BMI. Therefore,
we had to calculate BMI for each patient. The patients were divided into four groups, i.e., thin (BMI=18.5-22.5);
normal (BMI=22.6-24.9); overweight (BMI=25.0–29.9); and obese (BMI≥30.0).

2.4. Ethical considerations
The ethical regulations dictated in the act provided by Shahid Beheshti University of Medical Sciences were strictly
observed. Because the patients had completed treatments before the study, theoretical alterations to their plans had
no effect on their care. The data were preserved anonymously.

2.5. Statistical analyses
The data were analyzed using simple linear regression analysis for the SC depth and the diameter of the wall of the
chest with respect to the patient`s BMI. The scores of V95, V105, and V110 were correlated with the patients’ BMIs
using the chi-squared test. The data were analyzed using SPSS version13.

3. Results
Forty patients with breast cancer were included in the study, and their weights ranged from 44 to 110 kg, with an
average weight of 63.5 kg. Their heights ranged from 148 cm to 175 cm, with an average of 163.5 cm. The patients
were divided into four groups based on their BMI values. The groups consisted of 10 patients with BMIs in the
range of 18.5-22.5 kg/m2; 10 patients with BMIs in the range of 22.6-24.9 kg/m2; 10 patients with BMIs in the range
of 25-29.9 kg/m2; and 10 patients with BMIs ≥ 30 kg/m2. The patients who were selected ranged in age from 22 to
70, with a mean age of 46. Twenty-six patients had undergone modified radical mastectomy (MRM), and 14 patients
had received breast conserving therapy (BCT). The sizes of tumors in the pathology ranged from 1.0 to 8.6 cm (T1-
T3), with an average of 3.5 cm. The number of women in whom lymph nodes were involved was 0-18, with a mean
of 4 (Nx-N3). Table 1 summarizes the baseline characteristics and the clinical-pathological features of the patients.

Table 1. Baseline characteristics and clinical-pathological features of patients
Characteristics Range Mean

Age (year) 22-70 46
Weight (kg) 44-110 63.5
Height (cm) 148-175 163.5
BMI (kg/m2)a 18.5-22.5 10

22.6-24.5 10
25-29.9 10
≥30 10

MRMb 26 26
BCTc 14 14
Size of tumors (cm) 1.0-8.6 3.5
The number of involved lymph nodes 0-18 4

aBody mass index, bModified radical mastectomy, cBreast conserving therapy

In the center of SC field, the diameter of the wall of the chest was measured, and these measurements ranged from
12 to 21 cm, with an average of 14.2 cm and a standard deviation 2.36 cm (Table 2). The mean diameter was related
directly related to BMI using a simple linear regression analysis with a significance of p<0.0001 (adjusted R2=0.71).
Plan depth ranged from 3 to 7 cm with a mean of 4 cm, and the standard deviation was 1.3 cm (Table 2). The Plan
depth was related directly related to BMI using simple linear regression analysis with a significance of p<0.0001
(adjusted R2=0.67).

In patients with BMIs in the range of 18.5-22.5 include units (thin) with an anterior field with an average depth of
3.27 cm and standard deviation of 0.26 cm, V95 was an average of 96% of all lymph nodes, and, at the volume that
received ≥105% of the dose in the lymph nodes II and III was acceptable, but the goal of treatment in patients with
V105<7% was not achieved in SC, while this percentage in the AP/PA technique was much lower than the AP. This
difference was statistically significant (p<0.001) (Table 3).
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Table 2. Mean diameter of the wall of the chest and the mean depth of supraclavicular lymph nodes (the Mean Plan
depth) according to BMI

BMI a (kg/m2) Mean diameter of the wall of the chest SD b Mean Plan depth (cm) SD b

18.5-22.5 12.09 cm 0.30 3.27 0.26
22.6-24.5 13.50 cm 0.40 4.5 0.41
25-29.9 15.17 cm 0.53 5.43 0.41
≥30 18.02 cm 2.04 6.60 0.54
Total 14.2 cm 2.36 4 1.3

a Body mass index, b Standard deviation (cm)

Table 3. Results of dosimetry according to BMI
BMI range
(kg/m2)

Level II Level III Supraclavicular
V95 a V105 b V110 c V95 V105 V110 V95 V105 V110

18
.5

-2
2.

5

AP 95.81±
0.7

3.25±
1.4 0.00±0 98.90±

0.3
2.22±
0.8 0.00±0 98.63±

1.2
63.63±
1.3 31.08±7

AP/PA 98.63±
1.2 0.00±0 0.00±0 100.00±

0 0.00±0 0.00±0 96.81±
0.6 0.00±0 0.00±0

p-value 0.09 0.07 0.1 0.1 0.2 0.1 0.08 <0.001 <0.001

22
.6

-2
4.

9

AP 96.00±
0.8

16.50±
3.1

14.25±
3.5 96.50±1 5.37±

0.5 1.50±1 98.25±1 76.00±
0.8 38.75±1

AP/PA 97.00±
2.3 0.00±0 0.00±0 98.75±1

.9 0.00±0 0.00±0 97.50±
0.6 0.00±0 0.00±0

P-value 0.08 <0.001 <0.001 0.09 0.06 0.07 0.09 <0.001 <0.001

25
-2

9.
9

AP 99.12±
1.1

28.12±
5.7

29.87±
6.4 96.75±1 15.37±5 7.00±

3.8
99.75±
0.5 85.25±5 47.75±

0.8
AP/PA 98.37±

2.1
0.62±
0.7

0.25±
0.7

99.62±
0.5 0.00±0 0.00±0 98.62±

1.7 0.00±0 0.00±0

P-value 0.09 <0.001 <0.001 0.09 <0.001 <0.001 0.09 <0.001 <0.001

≥3
0

AP 98.20±
2.2 52.40±2 41.00±

2.3 97.60±2 28.20±
2.9 13.54±2 98.8±

0.8
91.00±
1.6

48.50±
0.9

AP/PA 96.00±
1.7

3.80±
0.8 0.00±0 99.80±

0.4
3.40±
1.9 0.00±0 97.60±

1.1
2.68±
1.5 0.00±0

P-value 0.09 <0.001 <0.001 0.08 <0.001 <0.001 0.09 <0.001 <0.001

To
ta

l

AP 97.21±
1.9

21.02±
18.4

17.89±
16.9

97.71±
1.5

11.07±
10.2

4.63±
5.6

98.93±
1.1

76.50±
11.7 40.05±8

AP/PA 97.86±
2

0.86±
1.5

0.07±
0.4

99.68±
0.8

0.61±
1.5 0.00±0 97.57±

1.3
0.48±
1.2 0.00±0

P-value 0.09 <0.001 <0.001 0.08 <0.001 <0.001 0.09 <0.001 <0.001
a 95% of target volume with 95% or greater of the prescribed dose 50 Gy
b Irradiated volume received more than 105% of the prescribed dose
c Irradiated volume received more than 110% of the prescribed dose

Patients with a BMI of 22.6-24.9 units (normal) with an anterior field with an average depth of 4.5 cm and a
standard deviation0.41 cm, volumes that covered 95% (V95) of the dose in the lymph levels II, III, and SC were
96%, 96.5%, and 98.2%, respectively. In these cases, the V105 at level II and SC was >7%, which did not fulfill our
goal of treatment, while this number for the AP/PA technique was <7%. This difference was statistically significant
(p<0.001) (Table 3). In patients with BMIs in the range of 25-29.9 units (overweight) with an average depth of 5.43
cm and a standard deviation 0.41 cm in V95 at the AP field with LII, LIII and SC were 99%, 96%, and 99%,
respectively. In this group V105 at all three lymph levels was >7% and, using the AP/PA technique, V105 Was
<7%.This difference was statistically significant (p<0.001) (Table 3). In patients with BMIs ≥30 (kg/m2) (obese)
with an average depth of 6.60 cm and a standard deviation 0.54 cm, in V95 at the AP field with lymph LII, LIII, and
SC were appropriate, but, in this group, V105 at all three lymph levels was very high, and, using the AP/PA
technique, V105 was<7%. This difference was statistically significant (p<0.001) (Table 3).
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In all patients, with an average depth of 4 cm and standard deviation of 1.3 cm, in V95 at the AP field with level II,
III, and SC was 97%, 97%, and98%, respectively. Overall, V105 at all three lymph levels was>7%, and, using the
AP/PA technique, V105 was <7%. This difference was statistically significant (p<0.001) (Table 3).

4. Discussion
In the patients with breast cancer, the depths of the SC and AX lymph nodes were significantly different. In our
study, the mean depths of SCLNs were 2.7-5.3 cm (with a range of 3-7 cm) and the mean depths of the chest wall
diameter were 11.8-16.5 cm (with a range of 12-21 cm). These findings were comparable to those in previous
reports that showed that the mean depths of SCLNs were3.2-5.5 cm (with a range of 2.7-7.5 cm) (9-11), and the
mean depths of the chest wall diameter were12.2-16.8 cm (with a range of 11.2-22.7 cm) (10-11).

Our study also showed a significant linear relationship between BMI and the mean SC depth (the mean Plan depth)
and the mean diameter of the wall of the chest (p < 0.0001) (adjusted R2=0.67) and (p<0.0001) (adjusted R2 = 0.71),
respectively. There was a direct relationship between higher BMI and deeper nodal beds. This result was
comparable with Bentel and colleagues’ findings in which SCLNs depths were estimated to be 19-64 mm. They
showed the relationship between the depths of the nodes and patients’ BMIs (7). Liengsawangwong and colleagues
concluded that the depth of the third level of axillary lymph nodes and SC varied between 14 and 67mm and
depended on BMI (8). This finding was consistent with our study that showed that the mean depths of SCLNs were
2.7-5.3 cm (with a range of 3-7 cm). Liengsawangwong et al. found that using single AP for radiation therapy of SC
fields with Dmax or D=3 cm usually provided inadequate coverage of PTV, dose inhomogeneity, and more hot
spots. Especially, with using single photon low-energy to treat Dmax in SC fields with single AP, the optimal PTV
coverage was achieved only in some of the breast cancer patients with BMIs <30 (kg/m2) (8). This finding was
inconsistent with our study that showed all patients in the thin, normal, overweight, and obese groups with an
anterior field, V95 of the dose in the lymph levels II, III, and SC were appropriate, with no difference between the
AP/PA and AP techniques. However, our findings were consistent with their results in that both studies showed that
the AP/PA treatment technique had fewer hot spots in the SC fields than the AP technique.

In our study, V95 in the AP field and AP/PA fields, at level II,  at level III, and in SCLNs, did not have any
significant differences statistically (p>0.05) (Table 3). V105 in the AP field and the AP/PA fields, at level II, at level
III, and in SCLNs, had statistically significant differences (p<0.001) (Table 3). So, it seems that the AP/PA
treatment technique is the better choice of treatment, especially for overweight and obese breast cancer patients to
avoid hot spots in LII, LIII, and SCLNs, and it is reasonable to avoid hot spots in SCLNs for thin and normal breast
cancer patients as well. Goodman’s evaluation showed that the lymph node dose made a significant difference in the
posterior axillary lymph nodes (11). This finding was comparable with our study that showed all patients in the thin,
normal, overweight, and obese groups with an AP field or AP/PA fields, V95 in the lymph levels II and III were
appropriate. In 2004, Jephcott and colleagues, studying CT among 10 patients, compared four techniques of
radiation therapy in SC fields, i.e., 1) single AP field, 2) AP/PA fields, 3) anterior field with posterior axillary boost,
and 4) anterior field with posterior axillary boost with compensator. In this study, a single AP field had a poor result
in 60% of the cases. The second method had good coverage as there at least were hot spots, but the medial of neck
and chest received excessive doses. In the third method, an adequate dose reached the PTV, and the medial of the
neck and chest received a low dose, but 120% more hot spots were created in 90% of the patients. The fourth
method, achieved a good dose to the PTV and a low dose to the posterior neck and chest, but it showed less than
120% of hot spots in all patients (12). In that study, using the AP technique also displayed poor results in 60% of the
cases. The AP/PA method resulted in good coverage and the hot spots were minimal. This finding was inconsistent
with our study that showed all patients in the thin, normal, overweight, and obese groups with an anterior field, V95
in the lymph levels II, III and SC was appropriate. But it was consistent with our study that showed AP/PA
treatment technique had fewer hot spots than the AP technique. Jabbari and colleagues found that AP/PA in SC field
appears much better than a single AP because of the better coverage of PTV. However, the mean and maximum
unnecessary radiation dose to lungs and skin were increased by a few percentage points in AP/PA over that of a
single AP (13). This finding was totally inconsistent with our study, which indicated that all patients in the thin,
normal, overweight, and obese groups with an anterior field, V95 in the lymph levels II, III and SC was appropriate,
and there was no difference between the AP/PA technique and AP technique. Comparing the results in plans
computed according to depth for best coverage, the AP method showed the most hot spots. This effect will be
especially magnified if low energy equipment, such as Cobalt 60 or Compact 6 MV, is used. Therefore, we suggest
that the best method is to use 3D CT planning with AP/PA for treatment. This is due to the difference in SC depth
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among patients. CT is the best for specifying depth of regional lymph nodes if 2D plans are used. More studies are
required to investigate dosage absorbed by endangered organs and to identify ways to reduce the exposures. Only
such additional results can prove conclusively whether the AP/PA method is superior to other methods or not.

There were some limitations in our study. First, treatment planning depends on the individual design practice, and
perhaps different radiation oncologists have different results in treatment planning or in their calculations. In all
patients, the procedure was conducted by a radiation oncologist and a radiation physicist, and we used the standard
defined fields, so the difference may be minimal. Second, we did not consider the average and maximum dosages
received by the lungs, heart, and skin, which might be increased to a greater extent in the AP/PA technique than in
the AP technique.

5. Conclusions
In this paper, various SC fields techniques were compared. The AP-PA technique, due to its having fewer hot spots,
was better than a single AP, especially for overweight and obese breast cancer patients. However, in the AP/PA
technique, the usage of single photon low-energy (Cobalt 60 or 6 MV) causes more hot spots than usual. To confirm
that the field AP/PA is better than those of other methods, further studies are needed to determine the dose to at-risk
organs, as the lungs and the heart. Ways to reduce these excessive doses also must be developed, and the various
methods must be compared, e.g., using a single high-power field and boosting the dose to the posterior axilla.

Acknowledgments:
We thank the nursing, administrative, and secretarial staffs of the Radiotherapy Department and Clinic at Shohada-
e-Tajrish Hospital for their contributions to the maintenance of our patients’ records. We could not have conducted
this project without their advice, guidance, and assistance.

Conflict of Interest:
There is no conflict of interest to be declared.

Authors' contributions:
All authors contributed to this project and article equally. All authors read and approved the final manuscript.

References
1) Pierce, L.J., et al., 1998-1999 patterns of care study process survey of national practice patterns using breast-

conserving surgery and radiotherapy in the management of stage I-II breast cancer. Int J Radiat Oncol Biol
Phys. 2005;62(1):183-92. Doi: 10.1016/j.ijrobp.2004.09.019, PMID:15850920

2) Overgaard M, Hansen PS, Overgaard J, Rose C, Andersson M, Bach F. et al. Postoperative radiotherapy in
high-risk premenopausal women with breast cancer who receive adjuvant chemotherapy. Danish Breast Cancer
Cooperative Group 82b Trial. N Engl J Med. 1997; 337(14): 949-55. Doi: 10.1056/NEJM199710023371401.
PMID:9395428

3) Ragaz, J., et al., Adjuvant radiotherapy and chemotherapy in node-positive premenopausal women with breast
cancer. N Engl J Med. 1997;337(14): 956-62. Doi: 10.1056/NEJM199710023371402. PMID:9309100

4) Whelan TJ, Lada BM, Laukkanen E, Perera FE, Shelley WE, Levine MN. Breast irradiation in women with
early stage invasive breast cancer following breast conservation surgery. Provincial Breast Disease Site Group.
Cancer Prev Control. 1997; 1(3): 228-40. PMID: 9765748

5) Whelan TJ, Julian J, Wright J, Jadad AR, Levine ML Does locoregional radiation therapy improve survival in
breast cancer? A meta-analysis. J Clin Oncol. 2000;18(6):1220-9. PMID: 10715291

6) White J, Moughan J, Pierce LJ, Morrow M, Owen J, Wilson JF. Status of postmastectomy radiotherapy in the
United States: a patterns of care study. Int J Radiat Oncol Biol Phys. 2004; 60(1): 77-85. Doi:
10.1016/j.ijrobp.2004.02.035. PMID: 15337542

7) Bentel GC, Marks LB, Hardenbergh PH, Prosnitz LR. Variability of the depth of supraclavicular and axillary
lymph nodes in patients with breast cancer: is a posterior axillary boost field necessary? Int J Radiat Oncol Biol
Phys, 2000; 47(3): 755-8. Doi: 10.1016/S0360-3016(00)00485-5. PMID: 10837961

8) Liengsawangwong R, Yu TK, Sun TL, Erasmus JJ, Perkins GH, Tereffe W. et al., Treatment optimization using
computed tomography-delineated targets should be used for supraclavicular irradiation for breast cancer. Int J
Radiat Oncol Biol Phys. 2007; 69(3): 711-5. Doi: 10.1016/j.ijrobp.2007.05.075, PMID: 17889264, PMCID:
4329762



http://www.ephysician.ir

Page 1038

9) Qatarneh SM, Kiricuta IC, Brahme A, Tiede U, Lind BK. Three-dimensional atlas of lymph node topography
based on the visible human data set. Anat Rec B New Anat. 2006; 289:98–111. PMID: 16783763

10) Madu CN, Quint DJ, Normolle DP, Marsh RB, Wang EY, Pierce LJ. Definition of the supraclavicular and
infraclavicular nodes: implications for three-dimensional CT-based conformal radiation therapy. Radiology.
2001; 221:333–339. PMID: 11687672

11) Goodman RL, Grann A, Saracco P, Needham MF. The relationship between radiation fields and regional lymph
nodes in carcinoma of the breast. IntJ Radiat Oncol Biol Phys. 2001;50(1): 99-105. Doi: 10.1016/S0360-
3016(00)01581-9. PMID: 11316551

12) Jephcott, C.R., S. Tyldesley, and C.L. Swift, Regional radiotherapy to axilla and supraclavicular fossa for
adjuvant breast treatment: a comparison of four techniques. Int J Radiat Oncol Biol Phys. 2004;60(1): 103-10.
Doi: 10.1016/j.ijrobp.2004.02.057. PMID: 15337545

13) Jabbari K1, Azarmahd N, Babazade S, Amouheidari A. Optimizing of the tangential technique and
supraclavicular fields in 3 dimensional conformal radiation therapy for breast cancer. J Med Signals Sens. 2013
Apr;3(2):107-16. PMID: 240988642, PMCID: PMC3788192.


