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Abstract - In the case of breast cancer, the prominent role of radiation therapy is an established fact. 

Depending on the stage of the disease, the breast is most often irradiated with two tangential fields and a 

direct supraclavicular field. Planning target volume is defined through the recommendations in ICRU 

Reports 50 and 62. The basic ‘dogma’ of radiotherapy requires the dose in the target volume to be 

homogenous. The favorable situation would be if the dose width was between 95% and 107%; this, 

however, is often not possible to be fulfilled. A technique for enhancement of homogeneity of isodose 

distribution would be using one or more additional fields, which will increase the dose in the volume 

where it is too low. These fields are called segmented fields (a technique also known as ‘field in field’) 

because they occupy only part of the primary fields. In this study we will show the influence of this 

technique on the dose homogeneity improvement in the PTV region. The mean dose in the target volume 

was increased from 49.51 Gy to 50.79 Gy in favor of the plans with segmented fields; and the dose 

homogeneity (measured in standard deviations) was also improved - 1.69 vs. 1.30. The increase in the 

target volume, encompassed by 95% isodose, was chosen as a parameter to characterize overall planning 

improvement. Thus, in our case, the improvement of dose coverage was from 93.19% to 97.06%. 
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1. INTRODUCTION 

The radiotherapy techniques in the treatment of breast 
cancer vary in different institutions, but, in general, 
the issue of radiation dose delivery to the chest wall 
after total mastectomy or to the breast following 
breast conservation surgery remains complex.  

Radiotherapy treatment fields are usually tangential 
to encompass the breast or thoracic wall, and, in some 
cases, matched to a supraclavicular field. A target 
volume usually has an irregular shape and because of 
that it is generally difficult to achieve homogeneous 
isodose distribution. In order to overwhelm this 
inhomogeneity, wedge filters are usually used to 
decrease the dose in the dorsal part of the breast while 
increasing the dose in the ventral part. In such a way 
it is possible sometimes to homogenize the dose in 
acceptable boundaries.  

CT-based three-dimensional conformal treatment 
planning allows the planner and physician to evaluate 
the dosimetry across the entire breast. According to 
ICRU-50 guidelines, an optimal plan is one in which 
the entire planning target volume (PTV) is between 
95% and 107% levels relative to 100% prescription 
point [1]. The main difficulty with tangential field 

breast irradiation is in the achievement of 
homogeneous dose distribution inside the target 
volume. Low dose volumes within the target volume 
of the breast and the thoracic wall result in reduced 
tumor control probability, and the magnitude of this 
effect depends on the amount of macroscopic and 
microscopic residual disease; whereas high dose 
volumes could lead to increased late normal tissue 
morbidity. Retrospective data show that the reduction 
of dose from 50 Gy to 45 Gy may lead to reduction in 
local control from 95% to 85%. In those cases where 
inhomogeneity is a serious concern, especially for 
large breasts, planning with field-in-field technique 
may reduce inhomogeneity dose regions inside the 
target volume.  

In order to improve the isodose distribution, the 
techniques of segmented fields have been introduced. 
The techniques of segmented fields (or field in field 
technique) were enabled due to advent of multileaf 
collimators and computerized treatment planning 
systems. A number of authors describe this technique 
as it is implemented in their institutions [2, 3]. The 
present work aims to compare the dose delivery 
parameters of the isocentric field-in-field technique 
plan vis-à-vis other simple plans with parallel 
opposed tangential fields in the treatment of breast 
cancer. 
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2. MATERIALS AND METHODS 

For the purpose of implementing standard 3D 
conformal radiation therapy the patients were 
simulated on a CT simulator, immobilized on an 
inclined breast board. The patents were scanned in 
spiral mode with a distance of 0.5 cm between the 
slices. Using these slices in the TPS Eclipse we made 
a 3D reconstruction of the scanned part of the 
patient`s body. The isocenter was determined during 
this phase of simulation. Radiation oncologists 
contour planning target volume (PTV) and for the 
sake of the treatment report they contour planning 
target volume for evaluation (PTV_EVAL). This 
evaluation volume goes 5 mm below the skin. Also, 
glandular tissues, infraclavicular and supraclavicular 
nodes (ICLN, SCLN), are contoured as tissues which 
should receive certain dose (at least 40 Gy). As 
organs of risk, the ipsilateral lung is contoured and 
also the heart, in case of left breast irradiation. The 
target volumes were defined and the dose prescribed 
according to the International Commission on 
Radiation Units and Measurement (ICRU) Reports 50 
and 62 recommendations. Accordingly, the target 
volume should be surrounded by the 95% isodose 
line. The planning target volume (PTV) definition for 
the breast and chest wall was done according to the 
breast cancer atlas for radiation therapy planning 
consensus definitions of the Radiation Therapy 
Oncology Group (RTOG). 

 The fundamental technique of tangential fields 
consists of two fields (6MV photon beams pseudo-
opposite fields): one of the fields enters the breast or 
thoracic wall medially with the edge on the sternum 
and the opposite edge goes 1.5-2 cm in air flushing 
above the skin surface of the breast or thoracic wall. 
The other, or lateral, field with one edge enters 
axillary on the line where medial field exits and its 
opposite edge flash over the most prominent part of 
breast for 1.5-2 cm. According to this, the gantry 
angles are chosen in such a way that the contralateral 
breast should be out of open fields and as less as 
possible volume of lung and heart as organs at risk to 
be encompassed in irradiated volume. Multileaf 
collimator (MLC) is used where the lung and the 
heart could be shielded. We accept that maximum 
dose in PTV should be around 107% and the isodose 
distribution should be symmetrical in all axial planes 
regarding the medial and lateral breast side. This 
localization usually has an irregular volume and 
shape, and because of that it is generally difficult to 
achieve homogeneous isodose distribution. To 
overwhelm this inhomogeneity, wedge filters are 
usually used to decrease the dose in the dorsal part of 
the breast while increasing the dose in the ventral 
part. In such a way it is sometimes possible to 
homogenize the dose in acceptable boundaries. 

But, very often, despite the use of the wedge filters, a 
lot of target volume is subdosed i.e. there are regions 
in the target volume PTV_EVAL with doses much 
less than 95% and also very unsymmetrical. In this 
case, we used the technique of segmented fields to try 

Fig. 1. Process of forming segmented medial 

field and resulting 100% isodose distribution 
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to improve the isodose distribution. Segmented fields 
treated in this work are always under gantry angles of 
either medial tangential field or lateral tangential 
field. 

The techniques of segmented fields (or field in field 
technique) were enabled due to the advent of 
multileaf collimators and computerized treatment 
planning systems. The technique of segmented fields 
used in our clinic consists of the following 
procedures. First, we optimize the isodose 
distribution as much as possible on the classical plan. 
After that, we display only 95% and 100% isodose 
lines in a 3D view mode. In this mode we can see 
which parts of the target volume PTV_EVAL are 
underdosed. Next, we copy one of the tangential 
fields, usually the medial field, and paste it as an open 
field. The weight factor for this field will be 0 in 
order not to disturb isodose distribution and also we 
put MLC on the field. In BEV, with the help of MLC, 
we shield the volume which receives more than 
100%. We increase the weight factors for the initial 
fields by (n+1)/n ratio (n is the initial number of 
fields) and the weight factor for the newly created 
segmented field will be assigned casually about 0.2 or 
0.3. We calculate MU and inspect the isodose 
distribution, and we adjust the weight factor for the 
segmented field in such a way as to get a bit less 
percentage dose in the open field than in the shielded 
field region. In such a case we have a maximum point 
dose as a dose which should be a parameter that 
should ensure comparability of the treatment plans 
without and with segmented fields. At our 
department, we strive to achieve the number of MU 
for segmented field to be greater than 10. If it is not 
possible to fulfill that criterion we don’t accept the 

segmented field. We can see in figure 1. the 
implementation of the technique of segmented fields 
in three steps. 

For the purposes of this work, we recorded minimum 
dose, maximum dose, mean dose and standard 
deviation of the dose for the PTV_EVAL volume, 
both for the technique of classical tangential fields 
and for technique with segmented fields; and 
maximum dose, mean dose and standard deviation for 
the lung tissue in both cases too. Also, we recorded 
the percentage doses which encompass 95% of the 
PTV_EVAL volume in both cases. 

3. RESULTS 

Twenty eight pseudo-consecutive patients treated in 
2011 were investigated and several dose parameters 
were compared for plans with classical tangential 
fields and for plans with segmented field(s) added. 
Several patients were excluded from this study, 
mainly because their thoracic walls were too thin for 
implementing the technique of segmented fields. 

Because the plans with segmented fields are built 
upon the classical technique we use, the samples 
(without and with segmented fields) are dependent. 

Paired t Test for the mean of PTV_EVAL for 
classical plan and segmented plan shows superior 
values for segmented plans. The mean values of 
chosen parameters differ at 0.05 level of significance 
in favor of plans with segmented fields and 
particularly the mean of EVAL(mean) is significantly 
different from the mean of segmented fields cases 
EVAL_s(mean) (p<0.05). This statistical conclusion 
is also valid for the minimum value of dose in 
PTV_EVAL and for the standard deviation of dose in 
this volume. The results of the calculated doses are 
shown in table 1. Boxplots for the means of target 
dose for both cases are shown in figure 2.   

 
For lung tissue, the mean dose does not have 
appropriate meaning, so we use maximum dose in 
lung and the standard deviation of the dose in lung to 
represent the change in dose distributions. The mean 
of maximum dose in lung for the case of segmented 
fields is significantly different from the mean of 
maximum dose in lung for the traditional case of 
tangential fields (p=0.008). But this little increase of 
maximum dose does not significantly influence the 
standard deviation of dose change in lung. It reveals 
that with p=0.609 there is not enough evidence to 
conclude that the means of standard deviations differ 
at the 0.05 level of significance.  

In a way, it is self-evident and expected that 
segmented field(s) will contribute to better dose 
distribution in the target volume and this statistical 
analysis shows that situation. In order to obtain some 
numerical parameter to characterize the evident 
improvement in dose distribution, we compare the 
isodose levels that encompass 95% of the target 
volume in both cases. 95% of target volume 
(PTV_EVAL) receiving 95% of prescribed dose has 
more medical meaning too; therefore, this approach 
has a direct link to the clinical expectations of the 
treatment. The statistical analysis shows that the 
mean of the isodose level for the segmented field 
cases is significantly different from the mean of the 
isodose level for traditional technique with tangential 
fields. In all patients but four, we managed to 
encompass more than 95% of the target volume with 
the 95% isodose curve. Table 2. shows the values of 
these isodose levels. The level of significance was 
taken to be 0.05 as in all other calculations. 

Table 1. Dose values for target volume PTV_EVAL 

(EVAL in the table) and lung 

 Classical Segmented 

EVAL(mean) 49.51 50.79 

EVAL(min) 42.18 43.53 

EVAL(STD) 1.69 1.30 

Lung(max) 49.75 50.35 

Lung(STD) 15.22 15.28 
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Table 2. Values of the isodose levels that encompass 

95% of the target volume in cases without segmented 

fields (D(V95)eval) and in cases with segmented fields 

(Ds(V95)eval). 

 D(V95)eval (%) Ds(V95)eval (%) 

Mean 93.19 97.06 

Standard 

Deviation 
3.11 1.91 

4. DISCUSSION 

In order to achieve a greater dose of homogeneity, the 
use of the segmented fields in a number of treatment 
planning occasions was proved to be of great value. 

This is also true for treating breast cancer. The most 
commonly used technique for breast cancer radiation 
therapy treatment is the use of tangential fields. For 
achieving a better dose homogeneity for classical 3D-
CRT, the treatment planner usually uses wedge filters 
for beam modulation. Nevertheless, on occasion, the 
planer should use the technique of segmented fields 
to improve dose homogeneity in some parts of the 
target volume. Sometimes this improvement could be 
quite significant. Statistical analysis shows that a 
mean target dose can be increased for more than 1.2 
Gy, minimum target dose can be increased by around 
1.3 Gy too, while maximum lung dose will be 
increased negligibly. 

It is expected that the segmented field(s) will 
contribute to a better dose distribution in the target 
volume and in that way improve the dose 
homogeneity. But we need some numerical parameter 
to characterize the evident improvement in dose 
distribution. The authors in reference [5] devise a so 

called PTV Dose Improvement (PDI) index in order 
to evaluate the effect of their technique. Their method 
is based on the relative difference between target 
volumes encompassed between 97% and 103% 
isodose curves for open fields and method chosen to 
make treatment plans (IMRT, 3D-CRT, FiF). But that 
is artificial comparison because open fields are not 
used for treatment. 

5. CONCLUSION 

Segmented field technique, or field in field technique, 
can be considered as IMRT technique obtained with 
forward planning. It requires from the planner to 
conceive the favorite isodose distribution in order to 
implement segmented field later in the course of the 

planning process. This technique can 
be successfully used for improving 
isodose distribution while irradiating 
breast with tangential fields. As a 
parameter which can describe the 
effect of segmented fields technique 
could be used percentage of target 
volume encompassed by 95% isodose 
curve. With segmented fields this 95% 
- 95% criterion can be fulfilled in the 
most cases. Certainly, an 
implementation of the segmented field 
technique is more time consuming. 
Actually it adds additional planning 
time to the planning of a plan with 
tangential fields but it is rewarded with 
much better isodose distribution and 
dose homogeneity in the target 
volume. 
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Fig. 2 Boxplots showing the distribution of mean dose values for 

PTV_EVAL for plans with tangential fields alone and for plans with 

segmented field(s) included. 
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