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Introduction

Chest wall (CW) and lymphatic irradiation in postmastectomy radiotherapy constitute one of the most challenging treatments in radiation 
oncology. Different target volumes in different planes and the close proximity of the critical structures, such as lung, heart, and spinal cord, make 
the treatment highly complicated in terms of planning and administration. Several studies with various treatment planning techniques showed 
the importance of conformal therapy planning (1-6). Three-dimensional (3D) treatment planning allows estimation of the dose distribution of 
target tissues and normal structures. To evaluate the actual doses of target volumes and critical structures, a thermoluminescent dosimeter (TLD) 
and GafchromicTM external beam treatment (EBT) dosimetry films (international specialty products manufacturer) are used. 

In this study, 3D planning is used to compare four different techniques for CW and lymphatic irradiation with respect to target vol-
umes and doses in critical structures in patients with left-sided breast carcinoma. All techniques were also simulated on Alderson randoR 
phantom using the computed tomography (CT) scans of the phantom. In addition, a certain number of TLDs and GafchromicTM EBT 
dosimetry films were placed to the points defined by the treatment planning system (TPS) on Alderson randoR phantom. The primary 
goal of this study was to define the ideal treatment plan according to the TPS and the dosimetric analysis.
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ABSTRACT

Objective: The aim of this study was to find the most appropriate tech-
nique for postmastectomy chest wall (CW) and lymphatic irradiation. 
Materials and Methods: Partially wide tangent, 30/70 photon/electron 
mix, 20/80 photon/electron mix and CW and internal mammary en face 
electron field, were studied on computerized tomography (CT) scans of 10 
left breast carcinoma patients and dosimetric calculations have been stud-
ied. Dose volume histograms (DVH) obtained from treatment planning 
system (TPS) were used for minimal, maximal and mean doses received by 
the clinical target volumes and critical structures.
Results: Partially wide tangent field resulted in the most homogeneous 
dose distribution for the CW and a significantly lower lung and heart 
doses compared with all other techniques. However, right breast dose was 
significantly higher for partially wide tangent technique than that each of 
the other techniques. Approximately 0.6-7.9% differences were found be-
tween thermoluminescent dosimeter (TLD) and treatment planning sys-
tem (TPS). The daily surface doses calculating using Gafchromic® external 
beam therapy (EBT) dosimetry films were 161.8±2.7 cGy for the naked, 
241.0±1.5 cGy when 0.5 cm bolus was used and 255.3±2.7 cGy when 1 
cm bolus was used.  
Conclusion: As a result of this study, partially wide tangent field was 
found to be the most appropriate technique in terms of the dose distribu-
tion, treatment planning and set-up procedure. The main disadvantage of 
this technique was the higher dose to the contralateral breast comparing the 
other techniques.
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ÖZET

Amaç: Bu çalışmanın amacı, mastektomi sonrası göğüs duvarı (GD) ve 
lenfatik ışınlamalarda en uygun tekniğin bulunmasıdır.  
Yöntem ve Gereçler: Parsiyel geniş tanjansiyel, 30/70 foton/elektron 
kombinasyonu, 20/80 foton/elektron kombinasyonu ve GD ve internal 
mammaria tek elektron alanı teknikleri, 10 sol meme kanserli hastanın bil-
gisayarlı tomografi kesitlerinde (BT) çalışılmıştır ve Alderson Rando fan-
tom üzerinde dozimetrik hesaplar yapılmıştır. Tedavi planlama sisteminden 
(TPS) elde edilen doz-hacim histogramları (DVH) kullanılarak klinik he-
def hacmin aldığı minimal, maksimal ve ortalama dozlar ile kritik yapıların 
ortalama dozları, akciğer için 20 Gy ve üzerinde doz alan hacim (V20) ve 
kalp için 10 Gy (V10) ve 30 Gy üzerinde doz alan hacim (V30) değerleri 
incelenmiştir. 
Bulgular: Parsiyel geniş tanjansiyel alan ile GD için en homojen doz 
dağılımı elde edilmiştir ve diğer teknikler ile karşılaştırıldığında anlamlı 
olarak akciğer ve kalp dozları düşüktür. Ancak, diğer tekniklere göre sağ 
meme dozları anlamlı olarak yüksektir. Yaklaşık olarak termolüminesans 
dozimetre (TLD) ve tedavi planlama sistemi (TPS) arasında %0,6-7,9 fark 
saptanmıştır. Gafkromik® EBT dozimetre filmleri ile elde edilen günlük yü-
zey dozu ölçümleri bolussuz 161,8±2,7 cGy, 0,5 cm bolus kullanıldığında 
241,0±1,5 cGy ve 1 cm bolus kullanıldığında ise 255,3±2,7 cGy’dir. 
Sonuç: Bu çalışma sonucunda, doz dağılımı, tedavi planlaması ve set-up 
prosedürü açısından parsiyel geniş tanjansiyel alan en uygun teknik olarak 
bulunmuştur. Diğer teknikler ile karşılaştırıldığında bu tekniğin en önemli 
dezavantajı karşı meme dozlarının yüksek olmasıdır.
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Materials and Methods

The CT scans of 10 patients with left-sided breast carcinoma treated 
by postmastectomy radiotherapy were used for this study. The target 
volume [CW, supraclavicular fossa (SCF), level I-II-III axilla, and in-
ternal mammary lymphatics] and the normal structures (heart, lung, 
brachial plexus, spinal cord, right breast, and esophagus) were con-
toured on the CT scans by a single radiation oncologist (F.Y.), and 
3D conformal treatment planning for four treatment techniques 
(partially wide tangent, 30/70 photon/electron mix, 20/80 photon/
electron mix, and CW and internal mammary en face electron field) 
was planned for each patient (3-6). The partially wide tangential tech-
nique uses unique tangential fields that cover both CW and internal 
mammary lymphatics. In the mixed 30/70 photon and electron beam 
technique, CW is irradiated with photons by separate tangential fields, 
and internal mammary lymphatics are irradiated with parallel photon 
beams in 30% of the treatment and electron beams with the appropri-
ate energy in 70% of the treatment. The mixed 20/80 photon and 
electron beam technique is the same as the 30/70 photon/electron mix 
technique, apart from their different percentages of combination (20% 
photon and 80% electron). In the en face CW and internal mammary 
electron field technique, the CW and internal mammary chain are ir-
radiated with only electron fields. All dose-volume histograms (DVHs) 
obtained from different treatment techniques were evaluated for tar-
get volumes (CW, internal mammary, SCF, level I, level II, and level 
III) and critical structures (heart, lung, right breast) separately. When 
electrons were used for treatment, the appropriate energy was chosen 
as the 90% isodose surface that reached the anterior pleural surface.

Pursuant to the treatment planning used in the TPS, an individual 
simulation was done in Alderson randoR phantom for each technique. 
Field borders were defined, and CT markers were placed to delineate 
margins. The CT scans of Alderson randoR phantom were transferred 
to the TPS, and treatments were planned with 4 different techniques. 
After the determination of treatment fields in rando phantom, TLDs 
thought to represent the SCF, axilla, and internal mammary were put 
on certain depths. Additionally, the TLDs were several points that 
were thought to represent the right breast, CW, lung, and heart. In 
order to determine surface doses, GafchromicTM EBT dosimetry films 
were placed on the CW and right breast with either 0.5 or 1 cm tis-
sue equivalent bolus material or as naked. In this way, three different 
measurements were taken for each plan. Precise, version 2.15 was used 
for this study (Elekta Oncology Systems Ltd, Crawley, UK). TLD and 
GafchromicTM EBT dosimetry films were calibrated before treatment. 

Statistical Analysis
All statistical analysis was performed using SPSS, version 15.0 (SPSS, 
Chicago, Illinois). Plan evaluation parameters were chosen for each 
structure, and the same parameters were used to evaluate all plans. For-
ty different DVHs were calculated for all target volumes, including the 
CW, SCF, axilla, and internal mammary chain and normal structures. 
For evaluating the homogeneity of dose distribution, DVHs were cal-
culated for each target volume and critical structures in all plans. The 
minimal dose, maximal dose, and mean doses were obtained, and stan-
dard deviations were defined. Friedman test was used for comparison. 
P-value <0.05 was considered significant. The mean values obtained 
from the TLD and GafchromicTM EBT dosimetry films and standard 
deviations were compared to the doses of the same points in the TPS. 

Results 

The minimal, maximal, and mean doses ± standard deviations in target 
volume obtained from different treatment plans were specified and are 
presented in Table 1. No differences could be observed among the four 
techniques for mean and maximal doses of CW. However, the CW and 
internal mammary en face electron field technique resulted in a signifi-
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cantly lower minimal dose compared to other techniques (p=0.002). 
Again, this technique was inadequate for delivering effective doses to 
the internal mammary and axillary lymphatics (Table 1). Partially wide 
tangent fields provided significantly lower maximal dose to the internal 
mammary chain compared to the other three techniques (p=0.001). 
Similarly, dose homogeneity for the partially wide tangential technique 
was significantly better than all the other techniques (p=0.005). Again, 
no differences could be observed in dose distribution of SCF lymph 
nodes among the different techniques. 

When comparing techniques for heart doses, it was observed that the 
heart dose in partially wide tangent fields was significantly lower than 
in the other techniques (Table 2). This difference was highly significant 
when compared with the 20/80 photon/electron mix and CW and 
internal mammary en face electron field. 

The partially wide tangent field technique resulted in lower mean 
lung dose, the percentage lung volume receiving more than 20 Gy 
(V20), and mean left lung dose compared with the other techniques 
(Table 3). Partially wide tangent fields resulted in the lowest mean dose 
(919.8±84.6 cGy), and CW and internal mammary en face electron 
field resulted in the highest (1209±128 cGy) mean dose for whole 
lungs. Similarly, partially wide tangent fields resulted in the lowest 
mean dose (1831±176 cGy), and the en face CW and internal mam-
mary electron field technique resulted in the highest (2374±298 cGy) 
mean dose for left lung. 

As shown in Table 4, partially wide tangent fields produced signifi-
cantly higher right breast doses than all other techniques (p<0.001).

Thermoluminescent dosimeter dose calculations in certain points rep-
resenting the SCF, axilla, internal mammaria, CW, and critical normal 
structures were compared with the dose calculations obtained from 
TPS. In the partially wide tangential technique, the difference between 
TLD and TPS was 0.1%-6.4%. The corresponding comparisons for 

the 30/70, 20/80, and en face CW and internal mammaria electron 
field techniques were 0.5%-5.9%, 0.4%-7.9%, and 0.1%-6.1, respec-
tively. The surface doses in the partially wide tangential technique 
found by EBT films were 161.8±2.7, 241.0±1.5, and 255.3±2.7 cGy 
with no bolus, with 0.5 cm bolus, and with 1 cm bolus, respectively. 

When we compared the treatment planning and set-up periods for 
each technique, the partially wide tangent field and CW and internal 
mammary en face electron fields techniques took 30-45 minutes for 
planning and approximately 15 minutes for set-up procedures. The 
treatment planning time of the 30/70 and 20/80 photon/electron mix 
technique took 4-5 hours, and the set-up time took 30-45 minutes.

Discussion and Conclusions

The aim of this study was to evaluate the best treatment technique in 
patients with left breast carcinoma in the 3D conformal radiotherapy 
era. For left CW and lymphatic irradiation, 4 different techniques were 
chosen and compared according to DVH analysis obtained by TPS 
and dosimetric analysis using GafchoromicTM EBT dosimetry films 
and TLDs. 

The description of homogenous dose distribution was announced 
within the limits of between -5% and +7% according to the Interna-
tional Commission on Radiation Units and Measurements (ICRU) 50 
report (7). However, in breast cancer radiotherapy, contour irregular-
ity of CW and clinical target volumes on different depths and planes 
can frequently cause difficulties in reaching homogeneous dose distri-
bution, as indicated in the ICRU 50 report. Generally, a minimum 
dose of 4,500 cGy to target volumes is believed to be acceptable. The 
maximum dose, on the other hand, is observed to be in the range of 
≤120%. In our study, all the techniques except en face electron field 
to CW and internal mammaria achieved the goal of delivering a mini-
mum of 4,500 cGy to the CW and internal mammaria, and the best 
homogenous dose distribution of CW was achieved by the partially 
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Table 2. V10, V30, and mean doses for heart ± standard 
deviations and p values 

	 Heart	 Heart	 Heart 
	 V10(%)±	 V30(%)±	 Mean Dose 
Techniques	 SD	 SD	 (cGy) ± SD

Partially wide tangent	 11.0±6.3	 6.7±5.5	 534.7±250.7

30/70 photon/electron mix	 20.9±10.2	 9.6±4.4	 853.7±304.3

20/80 photon/electron mix	 31.4±9.3	 8.4±4.3	 972.8±256.6

CW-IM only electron	 30.9±10.2	 12.3±7.1	 1054.7±369.5

p value	 <0.001	 0.088	 <0.001

CW: Chest wall; IM: internal mammary; SD: standard deviation

Table 3. V20 and mean doses for whole, left, and right lung ± standard deviations and p values

		  Mean	 Mean Left	 Mean Right 
	 Lung V20(%)	 Lung Dose	 Lung Dose	 Lung Dose 
Techniques	 ±SD	 cGy±SD	 cGy±SD	 cGy±SD

Partially wide tangent	 16.7±1.5	 919.8±84.6	 1830.9±175.8	 101.7±18.7

30/70 photon/electron mix	 21.2±2.8	 1113.6±138.6	 2202.7±291.5	 86.8±24.4

20/80 photon/electron mix	 18.2±2.4	 1019.3±110.3	 1991.4±220.5	 85.9±28.7

CW-IM only electron	 23.4±1.9	 1209.6±128.1	 2374.2±298.4	 128.0±70.3

p value	 <0.001	 <0.001	 <0.001	 0.026

CW: Chest wall; IM: internal mammary; SD: standard deviation

Table 4. V5 and mean doses for right breast ± standard 
deviations and p values 

	 Right Breast 	 Right Breast 
	 Mean Dose 	 V5 (%) 
Techniques	 cGy ± SD	 ± SD

Partially wide tangent	 126.2±44.4	 1.2±1.8

30/70 photon/electron mix	 78.6±23.0	 0.1±0.3

20/80 photon/electron mix	 68.5±24.6	 0.1±0.4

CW-IM only electron	 27.4±18.5	 0.2±0.7

p value	 <0.001	 0.019

CW: Chest wall; IM: internal mammary; SD: standard deviation



wide tangent field technique. Similar to our study, Pierce et al. (8) 
confirmed that the partially wide tangent field was the most suitable 
technique, providing better coverage of the target volume and sparing 
the critical structures for CW and internal mammary radiotherapy. 

Chest wall and internal mammary en face electron field uses electron 
beams with appropriate energy for CW, internal mammary, and axillary 
region irradiation. Homogenous dose distribution and optimum cover-
age of the CW could not be obtained with this technique, since the depth 
of each volume showed considerable variations with respect to human 
anatomy. When the energy is selected according to the maximum depth, 
heart and lung doses become critical. In the literature, it was shown that 
the differences of beam obliquity and skin-source distance (SSD) resulted 
in low CW and internal mammary doses (6). The missing dose on the 
lateral CW is caused by this distance effect. Although a boost dose is 
suggested by some authors, no recurrence was observed in some reports 
when the boost dose was not applied to this region (6). In addition, hot 
dose spots are frequently defined with this technique. It was reported that 
homogenous and sufficient dose distribution could be obtained for inter-
nal mammary and CW because of the absence of axillary lymph nodes in 
the target volume (6). However, our data showed that both high-dose re-
gions and unacceptable low-dose regions were observed in the CW, axilla, 
and internal mammary, and the dose distribution was very heterogeneous 
when en face electron beam fields were used for the CW and internal 
mammaria. This technique was assumed to be useful when axillary lymph 
nodes were not irradiated, and the literature showed that it could be as 
effective as photon beams for CW radiotherapy (9, 10). 

The minimal dose of the internal mammary was less than 45 Gy with 
the CW and internal mammary en face electron field technique, despite 
the other 3 techniques. On the contrary, it was equal or greater than 
45 Gy for the other three techniques. The reason for this difference can 
be attributed to the deeper localization of the internal mammary chain 
in some patients. Increasing the electron energy to reach an adequate 
dose on internal mammary lymph nodes, on the other hand, raised the 
doses of other target volumes and critical structures, which constituted 
a disadvantage of this technique. Kirova et al. (6) reported that a more 
homogenous dose distribution was observed with one unique electron 
field that included both the CW and the internal mammary chain com-
pared to the standard technique; however, in that special manuscript, 
the internal mammary lymphatics were irradiated separately with dif-
ferent energies. In this particular study, only 5 CT slices were used, and 
minimal doses were not given. In our study, on the other hand, CT slices 
with 0.5-cm intervals covering the whole neck and thorax were used, 
and axillary lymphatics were also included in the treatment field. The 
most homogenous dose distribution in our study was provided with the 
partially wide tangent field for internal mammary chain. 

In patients with breast carcinoma, one of the most important points 
for radiotherapy is minimizing the irradiated heart volume. It is ob-
served that the risk of cardiac morbidity is severely increased when the 
median heart dose is greater than 35 Gy (11). It is indicated that if the 
percentage heart volume receiving more than 25 Gy (V25) is less than 
10%, cardiac mortality ~15 years after radiotherapy would be seen as 
less than 1% (12). When the percentage heart volume receiving more 
than 10 Gy (V10), 30 Gy (V30), and mean heart dose was evaluated, 
our data demonstrated that the use of the partially wide tangent field 
resulted in the lowest cardiac exposure. The mean heart dose was found 
to be 534.7±250.7 cGy, which is significantly lower than the other 
three techniques. The heart V10 was significantly higher for the 20/80 
photon/electron mix and CW and en face electron field technique. 
On the other hand, another important point for radiotherapy is the 
decreasing the risk of pneumonia. Pneumonia was rarely seen when 
lung V20 was less than 30% of the ipsilateral lung (13, 14). In our 
study, calculated lung V20, mean left lung dose, mean right lung dose, 
and mean total lung dose were obtained for each technique. The lung 

V20 and mean left lung dose were lower for the 20/80 photon/elec-
tron mix and partially wide tangent field when compared to the other 
techniques. The highest doses on lung were observed with the CW and 
internal mammary en face electron field. All our results are consistent 
with similar studies in the literature (8, 15, 16). 

The probability of contralateral breast cancer is higher in patients with 
breast cancer after breast-conserving surgery than normal counterparts 
(17). It is important to minimize the contralateral breast dose in order 
not to increase the secondary carcinoma risk and not to cause side ef-
fects, like fibrosis, in healthy breast tissue. The CW and internal mam-
mary en face electron field resulted in the lowest mean dose for the 
right breast in our study. The percentage of right breast volume receiv-
ing more than 5 Gy (V5) was significantly higher for the partially wide 
tangent field technique and lower for the 30/70 photon/electron mix 
technique. The main disadvantage of the partially wide tangent field is 
the higher right breast doses than all other methods. If the right breast 
is closer to the midline, other techniques rather than the partially wide 
tangent field are recommended or the right breast should be taken 
away from the treatment field by some daily immobilization method. 

There is a significant correlation between tumor recurrence risk and tu-
mor size, invasion at surrounding tissues, and positive axillary lymph 
nodes in breast carcinoma (18, 19). Recurrence after modified radical 
mastectomy is mostly observed at the CW with a frequency of 50% and 
then at the SCF region after postmastectomy radiotherapy (20, 21). The 
aim of CW irradiation is to minimize the risk of CW recurrence due to 
microscopically residual disease and to treat subcutaneous, interpectoral, 
and intercostal lymphatics sufficiently. In modern radiotherapy, recur-
rence is generally observed at the superficial part of the CW due to the 
skin-sparing effect of megavoltage radiotherapy (11, 22, 23). According 
to a study using photon energy of 6 MV, the surface dose is 15%-40% 
lower than the prescription dose (24). The surface doses of CW need 
to be known during the treatment planning process. However, none of 
the TPSs can estimate the surface dose correctly. Due to the high spatial 
resolution and low spectral sensitivity, GafchromicTM EBT dosimetry 
films are used as an ideal detector for surface dose measurements (24). 
In our study, surface doses without bolus after the partially wide tangent 
field were 84%±2.7% by using GafchromicTM EBT dosimetry films for 
6 MV photon beams. It resulted in 120% ± 1.5% and 128%±2.7% 
with the use of 0.5 and 1 cm tissue equivalent bolus, respectively. In 
our department, the 7, 11, and 7 technique is used for CW irradiation 
with 6 MV photon beams: open field for the first 7 days, all CW with 1 
cm bolus for the following 11 days, and around the incision scar with 1 
cm bolus for the last 7 days. With this technique, the CW skin and scar 
surroundings receive 50 and 57 Gy, respectively. Thus, dose escalation 
could be done at the regions with high recurrence risk. 

In all techniques, the planned and applied treatments were attempt-
ed to be validated after comparing the dose from the TPS and the 
measurements from the TLD-100H put on the phantom. With the 
partially wide tangent field for the CW and internal mammary irradia-
tion, the difference between TPS and dosimetric measurements was a 
maximum of 6.4%. It was determined to be 7.9% with the techniques 
using a photon/electron mix. 

The applicability of the treatment plan becomes as important as provid-
ing the best dose homogeneity and sparing critical structures. Set-up 
errors may cause terrible results, even if the treatment plan is perfectly 
prepared in the TPS. Additionally, treatment planning time is also im-
portant for busy departments. In our study, planning and set-up proce-
dures were significantly shorter for the partially wide tangent field and 
en face CW and internal mammary electron field techniques. Consider-
ing the dose distribution and time required for the planning and set-up 
procedure, the partially wide tangent field technique is proven to be the 
best method, especially for the department with high patient load.
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In our study, the partially wide tangent field was the most suitable 
technique for CW and lymphatic irradiation in view of providing ho-
mogenous dose distribution for clinical target volume and decreasing 
lung and heart doses. Compared to the other techniques, easier and 
quicker planning and set-up were other advantages of this technique. 
However, the main disadvantage of the partially wide tangent field is 
higher doses to the contralateral breast, especially when it is located 
closer to the midline. In these cases, other techniques, rather than the 
partially wide tangent field, are recommended, or the contralateral 
breast should be taken away from the treatment field by immobiliza-
tion in order to prevent secondary carcinomas. 

Ethics Committee Approval: N / A.

Conflict of Interest: No conflict of interest was declared by the authors.

Peer-review: Externally peer-reviewed.

Informed Consent: N / A.

Author Contributions: Concept F.Y.; Design - F.Y., G.O., M.C., 
F.Z., F.A.; Supervision - F.Y., M.Gur.; Funding - F.Y.; Data Collec-
tion and/or Processing - F.Y., M.K.; Analysis and/or Interpretation - 
F.Y., M.Gul., G.O., MC., F.Z., F.A.,M.Gur.; Literature Review - F.Y., 
M.Gul., M.K.; Writer - M.Gul., F.Y., M.K.; Critical Review - M.Gul, 
F.Y., G.O., M.C., F.Z., F.A., M.Gur.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Etik Komite Onayı: N / A.

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Hakem değerlendirmesi: Dış bağımsız.

Hasta Onamı: N / A.

Yazar Katkıları: Fikir - F.Y.; Tasarım - F.Y., G.Ö., M.C., F.Z., F.A.; 
Denetleme - F.Y., M.Gur.; Kaynaklar - F.Y.; Malzemeler - (-); Veri 
toplanması ve/veya işlemesi - F.Y., M.K.; Analiz ve/veya yorum - F.Y., 
M.Gul., G.O., MC., F.Z., F.A.,M.Gur.; Literatür taraması - F.Y., 
M.Gul., M.K.; Yazıyı yazan - M.Gul., F.Y., M.K.; Eleştirel İnceleme - 
M.Gul, F.Y., G.O., M.C., F.Z., F.A., M.Gur.

Finansal Destek: Yazarlar bu çalışma için finansal destek almadıklarını 
beyan etmişlerdir.

References

1.	 Ragaz J, Jackson SM, Le N, Plenderleith IH, Spinelli JJ, Basco VE, Wilson 
KS, Knowling MA, Coppin CM, Paradis M, Coldman AJ, Olivotto IA. 
Adjuvant radiotherapy and chemotherapy in node-positive premenopausal 
women with breast cancer. N Engl J Med 1997; 337:956-962. (PMID: 
9309100) [CrossRef]

2.	 Overgaard M, Jensen MB, Overgaard J, Hansen PS, Rose C, Andersson 
M, Kamby C, Kjaer M, Gadeberg CC, Rasmussen BB, Blichert-Toft M, 
Mouridsen HT. Postoperative radiotherapy in high-risk postmenopausal 
breast-cancer patients given adjuvant tamoxifen: Danish Breast Cancer Co-
operative Group DBCG 82c randomized trial. Lancet 1999; 353:1641-1648. 
(PMID: 10335782) [CrossRef]

3.	 Marks LB, Hebert ME, Bentel G, Spencer DP, Sherouse GW, Prosnitz LR. To 
treat or not to treat the internal mammary nodes: A possible compromise. Int 
J Radiat Oncol Biol Phys 1994; 29:903-909. (PMID: 8040041) [CrossRef]

4.	 Hurkmans CW, Saarnak AE, Pieters BR, Borger JH, Bruinvis IA. An im-
proved technique for breast cancer irradiation including the locoregional 
lymph nodes. Int J Radiat Oncol Biol Phys 2000; 47:1421-1429. (PMID: 
10889397) [CrossRef]

5.	 Kuske RR. Adjuvant chest wall and nodal irradiation: Maximize cure, mini-
mize late cardiac toxicity [editorial comment]. J Clin Oncol 1998; 16:2579-
2582. (PMID: 9704706)

6.	 Kirova YM, Campana F, Fournier-Bidoz N, Stilhart A, Dendale R, Bollet MA, 
Fourquet A. Postmastectomy electron beam chest wall irradiation in women 
with breast cancer: A clinical step toward conformal electron therapy. Int J Ra-
diat Oncol Biol Phys 2007; 69:1139-1144. (PMID: 17689024) [CrossRef]

7.	 International Commission on Radiation Units, Measurements. Prescribing, 
recording and reporting photon beam therapy, ICRU Report 50. Bethesda, 
MD: ICRU, 1993.

8.	 Pierce LJ, Butler JB, Martel MK, Normolle DP, Koelling T, Marsh RB, Lich-
ter AS, Fraass BA. Postmastectomy radiotherapy of the chest wall: Dosimet-
ric comparison of common techniques. Int J Radiat Oncol Biol Phys 2002; 
52:1220-1130. (PMID: 11955732) [CrossRef]

9.	 Gaffney DK, Prows J, Leavitt DD, Egger MJ, Morgan JG, Stewart JR. Elec-
tron arc irradiation of the postmastectomy chest wall: Clinical results. Radio-
ther Oncol 1997; 42:17-24. (PMID: 9132821) [CrossRef]

10.	 Gez E, Assaf N, Bar-Deroma R, Rosenblatt E, Kuten A. Postmastectomy elec-
tron beam chest wall irradiation in women with breast cancer. Int J Radiat 
Oncol Biol Phys 2004; 60:1190-1194. (PMID: 15519791) [CrossRef]

11.	 Gagliardi G, Lax I, Ottolenghi A, Rutqvist LE. Long-term cardiac mortality 
after radiotherapy of breast cancer - application of the relative seriality model. 
Br J Radiol 1996; 69:839-846. (PMID: 8983588) [CrossRef]

12.	 Gagliardi G, Constine LS, Moiseenko V, Correa C, Pierce LJ, Allen AM, 
Marks LB. Radiation dose-volume effects in the heart. Int J Radiat Oncol Biol 
Phys 2010; 76:77-85 (PMID: 20171522) [CrossRef]

13.	 Lind PA, Wennberg B, Gagliardi G, Fornander T. Pulmonary complications 
following different radiotherapy techniques for breast cancer, and the asso-
ciation to irradiated lung volume and dose. Breast Cancer Res Treat 2001; 
68:199-210. (PMID: 11727957) [CrossRef]

14.	 Blom Goldman U, Wennberg B, Svane G, Bylund H, Lind P. Reduction 
of radiation pneumonitis by V20-constraints in breast cancer. Radiat Oncol 
2010; 5:99. (PMID: 21034456) [CrossRef]

15.	 Krueger EA, Schipper MJ, Koelling T, Marsh RB, Butler JB, Pierce LJ. Car-
diac chamber and coronary artery doses associated with postmastectomy 
radiotherapy techniques to the chest wall and, rationale for treatment field 
selection. Semin Radiat Oncol 1999; 9:247-253. (PMID: 10378963)

16.	 Dogan MH, Zincircioglu SB, Zorlu F. Comparison of various radiation 
therapy techniques in breast cancer where target volume includes mammary 
interna region. Medical Dosimetry 2009; 34:42-50. (PMID: 19181255)

17.	 Mellink WA, Holland R, Hendriks JH, Peeters PH, Rutgers EJ, van Daal 
WA. The contribution of routine follow-up mammography to an early detec-
tion of a synchrono vs contralateral breast cancer. Cancer 1991; 67: 1844-
1848. (PMID: 1848469)

18.	 Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans E, Godwin 
J, Gray R, Hicks C, James S, MacKinnon E, McGale P, McHugh T, Peto 
R, Taylor C, Wang Y; Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG). Effects of radiotherapy and of differences in the extent of surgery 
for early breast cancer on local recurrence and 15-year survival: an overview of 
the randomised trials. Lancet 2005; 366:2087-2106. (PMID: 16360786)

19.	 Lim M, Bellon JR, Gelman R, Silver B, Recht A, Schnitt SJ, Harris JR. A 
prospective study of conservative surgery without radiation therapy in se-
lect patients with stage I breast cancer. Int J Radiat Oncol Biol Phys 2006; 
65:1149-1154. (PMID: 16750330)

20.	 Strom EA, McNeese MD. Postmastectomy irradiation, rationale for treatment 
field selection. Semin Radiat Oncol 1999; 9:247-253. (PMID: 10378963)

21.	 Nielsen HM, Overgaard M, Grau C, Jensen AR, Overgaard J. Loco-regional 
recurrence after mastectomy in high-risk breast cancer-Risk and prognosis: 
An analysis of patients from the DBCG 82 B&C randomization trials. Ra-
diother Oncol 2006; 79:147-155. (PMID: 16647152) [CrossRef]

22.	 Orton CG, Seibert JB. Depth dose in skin for obliquely incident Co-60 ra-
diation. Brit J Radiol 1972; 45:271-275. (PMID: 5017717) [CrossRef]

23.	 Svensson GK, Bjärngard BE, Chen GT, Weichselbaum RR. Superficial dose 
in treatment of breast with tangential fields using 4 MV X-rays. Int J Radiat 
Oncol Biol Phys 1977; 2:705-710. (PMID: 408311) [CrossRef]

24.	 Bilge H, Cakir A, Okutan M, Acar H. Surface dose measurements with Gaf-
Chromic EBT film for 6 and 18 MV photon beams. Physica Medica 2009; 
25:101-104. (PMID: 18571964) [CrossRef]

J Breast Health 2014; 10: 106-110

110

http://dx.doi.org/10.1056/NEJM199710023371402
http://dx.doi.org/10.1016/S0140-6736(98)09201-0
http://dx.doi.org/10.1016/0360-3016(94)90584-3
http://dx.doi.org/10.1016/S0360-3016(00)00504-6
http://dx.doi.org/10.1016/j.ijrobp.2007.05.007
http://dx.doi.org/10.1016/S0360-3016(01)02760-2
http://dx.doi.org/10.1016/S0167-8140(96)01860-9
http://dx.doi.org/10.1016/j.ijrobp.2004.05.036
http://dx.doi.org/10.1259/0007-1285-69-825-839
http://dx.doi.org/10.1016/j.ijrobp.2009.04.093
http://dx.doi.org/10.1023/A:1012292019599
http://dx.doi.org/10.1186/1748-717X-5-99
http://dx.doi.org/10.1016/j.radonc.2006.04.006
http://dx.doi.org/10.1259/0007-1285-45-532-271
http://dx.doi.org/10.1016/0360-3016(77)90051-7
http://dx.doi.org/10.1016/j.ejmp.2008.05.001

