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ABSTRACT
Objective: This study aimed to minimize the radiation dose to organs other than the target tissue during adjuvant therapy applied for breast cancer, by using
different planning methods.
Materials and Methods: 30 women with T1-2 N1-3 M0 breast cancer were included in the study. Planning was performed using four different methods
to the supraclavicular area, internal, and external tangential fields. All planning was done in a virtual environment by and the requested data was obtained. All
patients were treated by the 1st method. Method 1: Different isocenter, complete supraclavicular area, breast half beam. Method 2: Different isocenter, half
supraclavicular area, breast half beam. Method 3: Single isocenter, half supraclavicular area, breast half beam. Method 4: Different isocenter, supraclavicular
area full beam, breast full beam.
Results: Evaluation of PTV values showed a statistically significant reduction in D-max, 110% and 115% values by method III. Lower doses in other parameters were not statistically significant.
Conclusion: Based on these results, the application of single isocenter, 3D radiotherapy in breast cancer provides significant advantages especially in PTV
and pulmonary dosages.
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Introduction
Breast cancer constitutes approximately 26% of all cancers in women. In the United States, 209 thousand new cases were detected in
2010 (1). Breast cancer incidence increases at a rate of 1-2% throughout the world and each year approximately one million new cases are
diagnosed (1-3). Lifetime risk of developing breast cancer is calculated as 36% for women living in some western societies (3).
Since the 1990s, breast cancer incidence is increasing while breast cancer mortality rate in all cancers decreased from 36% to 25% (1, 2, 4).
One of the most important reasons is that the methods used for diagnosis and screening are more efficient as well as the increasing effectiveness of treatment. With the published randomized controlled trials in the 1990s and their long- term results, radiotherapy has
become an integral part of treatment for breast cancer. However, following the article stating that breast radiotherapy resulted in increased
myocardial infarcts and caused related mortality in 1994, not only effective treatment with radiotherapy but also reducing its toxicity was
taken into account (5). The effective use of both the devices and the newly developed planning techniques provide a great advantage in
this regard.
This study aimed to minimize the radiation dose to organs other than the target tissue during adjuvant therapy applied for breast cancer,
by using different planning methods.

Materials and Methods
30 patients who received radiotherapy with a diagnosis of breast cancer in our hospital’s Department of Radiation Oncology between
2009 and 2011 were included in the study. Patients enrolled in the study had T1-2, N1 -3, M0 disease and breast-conserving surgery
(BCS) was applied to all patients. With a standard dose of 50 Gy to the supraclavicular, internal and external tangential areas, Boost
therapy was applied to the tumor location as 16 Gy if the distance to surgical margin was less than 0.5 cm, and as 10 Gy if it was over 0.5
cm. The treatment was applied at a dose of 2 Gy per day, five days a week and on weekdays. Radiotherapy was applied after chemotherapy
in patients undergoing chemotherapy, while in other patients it was given following surgery. Hormonal therapy was started according to
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menopausal status in hormone receptor positive patients. Tamoxifen
was given to hormone-responsive premenopausal patients and postmenopausal patients were started on an aromatase inhibitor.
All drawings and planning were made by a single physician. According
to 50th and 62nd reports issued by ICRU (The International Commission on Radiation Units and Measurements) the breast tissue was
entered as clinical tumor volume (CTV) and the planned target volume (PTV) PTV margin was given as 1 cm, and the skin margin as
0.5 cm (6, 7). Planning was made by using four different methods to
supraclavicular area, internal and external tangential fields. Planning
was entirely performed in a virtual environment with acquisition of
the requested data. All patients were treated by the 1st method.
Technique I
Different isocenter, supraclavicular area full, breast half beam: Planning was set as supraclavicular area full beam, and tangential field half
beam with different isocenter. In the supraclavicular area, the gantry
angles required for extraction of oesophagus out of the field were
added. To ensure the tangential and supraclavicular area overlap table
and collimator angles were added. To protect the humerus, larynx and
the skin, personalized supraclavicular blocks were inserted; for those
patients localized in the left breast and come up with high heart doses,
heart block was used.
Technique II
Different isocenter, supraclavicular area half, breast half beam: Planning was set as supraclavicular area half beam, and tangential field half
beam with different isocenter. The gantry angle was provided to extract
the oesophagus out of the field and to ensure the tangential and supraclavicular area overlap table and collimator angles were added. In
patients with location in the left breast and with high heart doses a
heart block was used and for protection of the humerus and the skin
personalized blocks were applied to the supraclavicular area.
Technique III
Single isocenter, supraclavicular area half, breast half beam: Planning
was set as supraclavicular area half beam, and tangential field half beam
with single isocenter. Table and collimator angles were not added to
provide field overlap. The gantry angle was provided to extract the
oesophagus out of the field. In patients with location in the left breast
and with high heart doses a heart block was used and for protection
of the humerus and the skin personalized blocks were used to the supraclavicular area.
Technique IV
Different isocenter, supraclavicular area full beam, breast full beam:
Planning was set as supraclavicular area full beam, and tangential field
full beam with different isocenter. The gantry angle was provided to extract the oesophagus out of the field, and to ensure the tangential and
supraclavicular area overlap table and collimator angles were added.
In patients with location in the left breast and with high heart doses a
heart block was used and for protection of the humerus and the skin
personalized blocks were applied to the supraclavicular area.
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Demographic data of all patients, the pathologic and immune histochemical parameters of the specimens were recorded. Then chemotherapy and radiation therapy doses were recorded. For each of the
four methods; PTV (maximum dose, minimum dose, mean dose,
110% field volume and 115% Gy field volume), lung (maximum
dose, minimum dose, mean dose, 5 Gy field volume, 20 Gy field volume and 25 Gy field volume), heart (maximum dose, minimum dose,

mean dose, 5 Gy field volume and 25 Gy field volume and mean dose
while left breast was unblocked), the left coronary artery (maximum,
minimum and mean doses), brachial plexus (maximum, minimum,
mean doses and 60 Gy field volume), oesophagus (maximum, minimum, mean doses and 50 and 60 Gy field volumes), as well as mean
doses for supraclavicular, level 1, level 2 and level 3 were calculated.
Statistical Analysis
The data were entered into an electronic database. Statistical software
package was used for data analysis (SPSS 18.0). Descriptive analyzes
were stated as mean, standard deviation, minimum and maximum
values and descriptive tables were created. In further analysis, for the
significance of the difference between means the two-way analysis of
variance (ANOVA) was performed. Bonferroni test was used for confirmatory analysis. p<0.05 was considered significant.

Results
The youngest patient was 23 and the oldest 71 years old, the mean age
was 49 years. Only one patient (3.3%) was premenopausal, whereas 15
(50%) patients had a natural menopause and 14 (46.3%) had chemotherapy induced menopause. The general demographic characteristics
of the patients are shown in Table 1.
60% of patients (n=18) underwent axillary dissection. Sentinel lymph
node biopsy was performed in the remaining 12 patients and in seven
and axillary lymph node dissection was added.
The tumor was adjacent to the surgical margin in one patient. The farthest surgical margin was 2 cm. The mean surgical margin distance was
0.53 cm. The smallest tumor diameter was 0.5 cm and the largest was
3.5 cm, with a mean of 2 cm. The mean number of dissected nodes
was 14 (3-33) and the mean number of metastatic nodes was 2 (0-10).
The pathological examination revealed invasive ductal carcinoma in
the majority of patients (n=17).
All patients received chest wall irradiation together with the supraclavicular area. 50 Gy radiotherapy was applied in all patients, in one
patient 47 Gy was given with increase in boost dose. Boost dose was
applied to all patients except one patient. The boost dose was 10 Gy
in 15 patients, 13 Gy in 16 patients and 17 Gy in one patient who is
mentioned above.
It was shown that the significant difference obtained by the Benforroni
approach was caused by method III. On evaluation of the PTV values,
D- max (p=0.006), 110% (p<0.0001) and 115% (p<0.0001) values
had a statistically significant reduction in method III. The lowest dose
values regarding other parameters (PTV min, mean PTV) were also
obtained by method III, although this difference did not reach statistical significance. Regarding pulmonary doses, there was also a statisti-

Table 1. Patient demographics
				Standard
Feature Minimum Maximum Mean
deviation
Age (year)

23

71

48.9

11.4

Weight (kg)

46

106

73.7

12.2

Height (cm)

145

168

157.6

2.9

BMI (kg/m2)

19.4

40.4

29.9

5.2

BMI: Body mass index
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cally significant decrease in V5 (p=0.005). However, although lower
values in favor of method III were obtained in V25, V20, D- mean and
D-min, the highest value for Dmax was also obtained in this method.
The evaluated cardiac values of V25, V5, D- max, and D- min have
also decreased in a similar manner in favor of method III. Nevertheless,
the highest D-min value was observed in method III. The evaluation
of LAD showed a reduction in D-max and D-mean doses in method
III, although not statistically significant, while the D-min value did
not show superiority over other methods. The V60 value calculated for
the brachial plexus was equal to zero in all methods. D-max, D-min
and D- mean values showed very small non-significant differences.
The V60 value calculated for the esophagus was equal to zero in all
methods. The V50, D-max, D-min and D- mean values were found to
be lower in favor of method III, although not statistically significant.
The evaluation for conformity index showed no significant difference,
in fact the obtained values were very close to each other. Similarly,
significant difference was not detected in dose assessments of the supraclavicular area, level I, II and III.
During radiotherapy in patients with left breast cancer, cardiac doses was
reduced almost by half by use of lead alloy blocks to protect the heart.

Discussion and Conclusions
Frequently encountered in women, breast cancer is still a serious problem due to both incidence and mortality rates. It has been shown that
radiotherapy, which is accepted as an integral part of breast-conserving
surgery, improves survival by reducing local recurrence in locally advanced breast cancer (8).
Although radiation therapy is applied with success nowadays, especially in recent years, adverse effects and side effects of radiotherapy
are being discussed frequently (9). The aim is to both irradiate the
targeted area with the appropriate amount of radiation and protect
other organs from radiation, and if possible not receive any dose at all.
While planning radiotherapy after BCS, the remaining breast tissue,
chest wall, and incision area are included in the irradiation field (10).
Depending on the patient’s lymph node metastasis, the axilla or supraclavicular area is included in the area to be irradiated (11, 12). The
total dose applied to the breast should be 45-50 Gy in 5-6 weeks. In
our patients after 50 Gy whole breast irradiation, all patients received
an additional dose of 16 Gy if the closest surgical margin was less than
0.5 cm and 10 Gy if more distant.
Various methods such as 2D planning, 3D planning, IMRT, IGRT,
Field in Field, have been described to be applied in breast cancer radiotherapy planning with developing technological infrastructure and
software programs (13, 14, 15). Among these combinations with methods like single isocenter, multiple isocenter, half- beam, or full beam
are generated (16, 17). Although application methods continuously
improve with developments in technology, there is not an accepted
standard method (18, 19, 20). The most commonly used methods are
3D planning and IMRT planning (21, 22). By these two commonly
used methods better dose homogenisation is provided with significant
reduction in especially skin toxicity and minimizing the dose received
by normal organs. However, there is insufficient data on long-term results. In our clinic, 3D supraclavicular area full beam, tangential areas
half beam, two-isocentric treatment is applied. A significant problem
with treatment using different isocenters is undesirably increased doses
due to overlapping of fields. At this point, the use of a single isocenter
seems to be a suitable solution. However, in the literature we did not

find a study comparing one and two- isocenter 3D planning. By simple logic, the most practical and precise way of eliminating intersection
of two areas is to decrease two fields to one. The PTV values in our
study support this conclusion. The PTV max and PTV mean values
obtained by single isocenter use were very close to the planned values
and overdose was minimal. The advantage in PTV max was statistically
significant (p=0.006). Single isocenter use resulted in more than half
reduction in PTV 110% and PTV 115% values as compared to multiple isocenter (regardless of full beam or half beam status) planning
and this reduction was statistically significant (p<0.0001).
Lungs are one of the first organs to receive radiation beam and to be
protected during breast radiation (23). The pulmonary damage ranges
from simple edema to severe pneumonia and fibrosis. The severity of
symptoms is often directly proportional with the disease (23, 24). 3D
and IMRT planning provides significant advantages in the prevention
radiation pneumonitis (25). The values obtained in our study in 3D
planning were similar to the literature, although the superiority of single isocenter use could not be clearly demonstrated (24). However, statistically significant reduction of V5 was detected (0.005). There was
a decrease in V20, V25, and D- mean values but they did not reach
statistical significance. Nevertheless, the relative surplus in D- max and
D-min values as compared to other methods precludes a final judgment. Still, the positive results obtained in other doses are promising.
Another important organ affected during breast radiation is the heart.
Although the exact mechanism is not clear, the dose of radiation exposure causes significant cardiac toxic effects (26) and results in significant mortality (27). These risks are increased especially during
radiotherapy for the left breast (26, 27). Patient related factors like
gender, age, diabetes, smoking habits, hypertension, obesity, and hypercholesterolemia contribute significantly to these risks, still the most
important factor is the dose received by the heart (26, 27). The most
important study on cardiac dose affecting the heart was published by
Shultz-Hector (28). In this study conducted in 2007, it has been reported that doses as low as 1-2 Gy may cause acute effects and cardiac
mortality could be observed at a dose of approximately 10Gy. The
emerging devices and new contouring techniques are highly effective
in better cardiac dose calculation and reduction (26, 27). In recent
studies, IMRT and 3D planning radiation therapy is reported to provide for the lowest cardiac dose (29). There is not any study stating
the cardiac dose caused by treatments using different isocenters, as in
the lung. In our study, the doses obtained were generally similar to the
literature, single isocenter application resulted in significant reduction,
although not statistically significant. There was an approximately 25%
decrease in V25, V5, D- mean, D-min and D- max values as compared
to the other methods that use multiple isocenters, although it was not
statistically significant. Similar results were obtained from the measurements for the left coronary artery.
During radiotherapy planning for breast cancer, another area to be
considered and protected as much as possible is the brachial area. As
the dose administered increases, the risk of damage also increases (30).
Some patients may require surgical decompression and in unnoticed or
untreated cases, permanent damage may occur (30). In the literature
brachial plexus injury is mentioned in most studies, however we were
unable to find a detailed study regarding the results of dose measurements specific to this field. In our study, doses corresponding to this
area in each of the four methods did not show a statistical difference,
in fact, the doses were almost equal. Similarly, in a study with single
isocenter 3D planning, a slight decrease in dose has been reported that
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did not reach significance (31). In parallel, any significant difference
between the calculated values for the close located supraclavicular area
was also not found.
Another organ to be taken into account during planning and dose calculation is the esophagus. The doses obtained in each of the four methods, including the maximal doses, are well below the recommended
tolerance dose by Emami (32). Although it has been reported that the
maximum dose received by the esophagus is decreased 50% by using
the single isocenter 3D planning, in our study, a marked difference in
V50 could only be achieved in planning that use complete bundle (31).
When half beam was used, in both the supraclavicular and tangential
field, almost the same results were obtained even if different isocenters
were taken into account. Moreover, the difference detected with other
methods was not statistically significant. The D- mean, D- max and
D- min values were nearly equal.
The conformity index was first published by the RTOG in ICRU 62
in 1993 (7). After the publication of this report, conformity index
was considered more often in radiotherapy planning. In our study, the
conformity index in each of the four methods did not show a significant difference.
In our study, it has been detected that the advantages obtained in
PTV max and the reduction in PTV 110% and PTV 115% values
in single isocenter application are statistically significant (p<0.0001).
On evaluation of pulmonary doses, there was a statistically significant reduction in V5. In addition, although not reaching statistical significance, a marked decrease was achieved in lung V20, V25,
D-mean doses and doses received by the heart. Similar results were
obtained from measurements for the left coronary artery. No significant differences were found in brachial plexus, esophagus and supraclavicular area doses.
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Based on these results, the application of single isocenter, 3D radiotherapy planning in breast cancer provides significant advantages especially in PTV and pulmonary doses.
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