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Abstract. The present study aimed to investigate an optimal 
and feasible method for delineating the target volume of 
glandular breast tissue following breast‑conserving surgery. 
A total of 15 patients who underwent radiotherapy following 
breast‑conserving surgery were recruited into the study. 
Clinical target volume was delineated by the following three 
methods based on computed tomography (CT): Anatomical 
landmarks (CTVan), breast palpation (CTVpa) and CT scan 
images (CTVgl). The target volume, degree of inclusion (DI) 
and conformal index (CI) defined by these methods were 
compared. The difference was significant between CTVan 
and CTVgl, and CTVpa and CTVgl (P<0.0001). The CI 
between CTVan and CTVpa was 0.644±0.122, significantly 
higher than that between CTVan and CTVgl (0.264±0.108; 
P<0.0001) or between CTVpa and CTVgl (0.328±0.115; 
P<0.0001). The DI of CTVpa in CTVan was 0.890±0.08 and 
the opposite was 0.709±0.144, while that of DI of CTVgl in 
CTVan or CTVpa was 0.994±0.005 and 0.989±0.008, respec-
tively. The boundary difference between CTVan and CTVpa 
was 3.35±7.23, 5.57±13.37, 1.75±11.62 and 11.25±4.07 mm 
for the medial, lateral, cephalic and caudal boundaries, 
respectively. A significant difference was observed in the 
target volume of the breast defined by the three methods. The 
target volume defined by CTVgl was significantly smaller 
than that identified by the other two methods. Overall, the 
combination of palpation marks and anatomical landmarks 
to define the contouring scope of the breast was indicated 
to be a relatively rational method for delineating the target 
volume of the breast.

Introduction

Randomized clinical studies and meta‑analyses  (1‑3) 
have provided compelling evidence that a combination of 
post‑operative radiotherapy and breast‑conserving surgery 
reduces the local recurrence of breast cancer. Therefore, 
post‑operative radiation is an indispensable therapy inte-
grated into the standard therapeutic scheme for breast 
cancer patients, with the exception of those patients aged 
>70 years and those with early‑stage cancer with an estrogen 
receptor‑positive, prolactin receptor‑positive and human 
epidermal growth factor receptor‑2‑negative genotype 
who could adopt endocrine therapy only after surgery. 
Currently, boost irradiation for the whole breast following 
breast‑conserving surgery has been regarded as a classic 
radiotherapy scheme  (4‑6). Although accelerated partial 
breast irradiation has been demonstrated to be superior in 
terms of less adverse reactions and a shortened treatment 
period compared with conventional irradiation, and has been 
widely accepted in clinical practice in recent years, it is mainly 
adopted for low‑risk patients with breast cancer at an early 
stage (7). Whole‑breast irradiation remains an irreplaceable 
therapy following breast‑conserving surgery for high‑risk 
patients, however, the hypofractionated radiotherapy for the 
whole breast remains under evaluation. Therefore, determi-
nation of the target volume of the breast is considered critical 
for post‑operative irradiation therapy. Currently, conformal 
modulated radiotherapy is the mainstream treatment for 
breast cancer (4,8,9). The post‑operative intensity‑modulated 
radiotherapy for breast cancer is usually plotted based on the 
image from computed tomography (CT) scan, and delinea-
tion of the target volume is based on the CT‑simulated 
location scan image; however, there is lack of clearly defined 
boundaries between mammary gland and non‑gland adipose 
tissue in the images of the CT scan (10). It remains to be 
elucidated whether the target volume of glandular breast 
tissue delineated by the CT scan is sufficient for radiotherapy 
or not. Given the limitation in delineating glandular breast 
tissue by the CT scan, the anatomical or surface landmarks 
would be usually considered as a reference tool in clinical 
practice. Delineation of target volume based on the surface 
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marks or anatomical landmarks displayed by the image 
from the CT scan has been used for conventional tangential 
irradiation for the whole breast, and ensures that the gland 
tissue does not miss receiving radiation (11,12). However, this 
method cannot be individualized for each patient, as the posi-
tion, size, shape and structure of the breast of each patient are 
different, with consequent overexposure or underexposure to 
the radiation. Underexposure may lead to missing the target 
and the risk of recurrence, and overexposure may result in 
severe acute and chronic skin reactions (12-14). In addition, 
other organs, such as the lung and heart, may be irradiated. 
Therefore, determination of the target volume by palpation 
is comparatively accurate and individualized. Based on the 
physical examination and palpation, Bentel et al (11) placed 
a metal wire around the breast, which was then used as a 
reference to delineate the target. They found that the target 
volume differed in 65% of breasts tested; 30% exhibited a 
difference in the medial boundary and 56% in the lateral 
boundary. Subsequently, this method has been continu-
ously used by researchers to delineate the target volume of 
the whole breast. However, there is a lack of a standardized 
delineation method for delineating the target volume of the 
whole breast. Therefore, in the current study, a comparison 
was performed between the three aforementioned delineation 
methods in order to find out an optimal and feasible method 
for clinical practice.

Materials and methods

Inclusion and exclusion criteria. The current study was 
approved by the Ethics Committee of Shandong Cancer  
Hospital and Institute (Jinan, China), and written informed 
consent was obtained from each participant. A total of 
15 patients with breast cancer who underwent post‑operative 
radiotherapy between May 2012 and November 2012 were 
enrolled into the present study. The inclusion criteria were 
as follows: An age of between 20 and 60 years old; local 
resection with extended scope for breast tumor removal, 
and breast tumor determined as stage T1N0M0 or T2N0M0 
post‑operatively with a diameter ranging between 0.5 and 
3.0 cm; and no medical history of breast radiotherapy. The 
exclusion criteria were as follows: An age of >60 years; 
radical mastectomy or modified radical surgery, or quadrant 
resection for breast tumor removal; a breast tumor with a 
diameter of >3.0 cm; and a medical history of breast trauma 
or breast radiotherapy.

CT simulation location method. First, the patients were 
secured with a bracket. The patients were placed in a supine 
position and their bilateral arms were opened and lifted. The 
bracket was adjusted to ensure the most comfortable position 
for patients and the affected breast was fully exposed. The 
edge of the mammary gland was detected by palpation, along 
which a metal wire was placed and fixed on the skin surface. 
Metal tags were placed 10 mm beneath the breast folds, at the 
axillary midline and the posterior axillary line of the same 
side, respectively, as laser‑positioning marks. A continuous 
spiral CT scan with a 3‑mm layer thickness was performed 
for each patient under free‑breathing conditions, from the 
cricothyroid membrane to the bottom of the lung, with a 

5‑cm caudal extension. All images were sent to the Eclipse™ 
treatment planning system (Varian Medical Systems, Inc., 
Palo Alto, CA, USA).

Delineation of target volume. The target volume was 
delineated by a senior radiation oncologist with >5 years of 
experience. The radiation oncologist was familiar with the 
breast anatomy and breast imaging, and was able to skillfully 
utilize the Eclipse delineation tool.

Methods of delineating target volume. Based on the images 
from the CT scan, the following three methods were used to 
delineate the clinical target volume (CTV): CT scan images 
(CTVgl), anatomical landmarks (CTVan) and breast palpa-
tion (CTVpa). The window width of the CT image was set 
as 400 HU and window level was set as 750 HU, so that the 
contrast image between the mammary gland tissue and the 
surrounding adipose tissue was relatively clear. While one 
delineation method was used, the other two were switched 
off to avoid any potential interference.

To delineate the target volume by surface marks of the 
breast (CTVan), the anterior boundary was 5 mm beneath 
the skin, the posterior boundary was at the anterior edge 
of the pectoralis major muscle, the cephalic boundary was 
at the inferior edge of the collarbone, the caudal boundary 
was 10 mm beneath the ipsilateral breast folds, the medial 
boundary was at the parasternal line and the lateral boundary 
was at the midaxillary line or posterior axillary line (Fig. 1A).

To delineate the target volume by palpation marks of 
the breast (CTVpa), the cephalic, caudal, medial and lateral 
boundaries were defined based on the metal wire placed 
according to palpation. The delineation scope included the 
external edge of the metal wire. The anterior boundary was 
5 mm beneath the skin and the posterior boundary was at the 
anterior edge of the pectoralis major muscle (Fig. 1B).

To delineate the target volume by the CT scan images 
(CTVgl), delineation was performed based on the breast 
gland tissue displayed by images of the CT scan, excluding 
the surrounding adipose tissues (Fig. 1C).

Calculation of target volume and comparison of parameters. 
The CTV was calculated by the Eclipse treatment planning 
system based on the three different delineation methods. 
The degree of inclusion (DI) and conformal index (CI) were 
compared among the three methods.

The DI represents the inclusion of one volume in another 
volume. The formula for the DI of target A in target B is 
DIA=A∩B/A, meaning the percentage of overlapping areas 
(between targets A and B) in target A, while the formula 
for the DI of target  B in target  A is DIB=A∩B/B  (15). 
Assuming target B as the standard target, target A was used 
for radiotherapy, therefore, normal tissue of 1‑DIA received 
unnecessary irradiation. Meanwhile, the target tissue of 
1‑DIB missed the irradiation received.

The CI is defined as the ratio of overlapping areas 
(between targets A and B) to the combination of targets A 
and B (CI=A∩B/A∩B), representing the similarity between 
targets A and B. If two target volumes are identical, CI=1, 
whereas if two target volumes are not overlapping at all, 
CI=0 (16).
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Statistical analysis. Statistical analysis was performed using 
SPSS  19.0  software (IBM, Armonk, NY, USA). One‑way 
analysis of variance was used for analyzing the differences 
among the three methods based on the evaluation of the target 
volume. Paired t‑test was used for two‑by‑two comparison. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Patient characteristics. The general characteristics of the 
patients, including patient age, tumor size and location, and 
treatment administered, are listed in Table I.

Comparison of target volume. The target volumes defined 
by CTVan, CTVpa and CTVgl were 792.229±282.246, 
618.331±295.903 and 196.825±117.618  cm3, respectively, 
with significant differences among the methods (F=17.161; 
P<0.0001). Two‑by‑two comparison indicated that there was 
no significant difference between CTVan and CTVpa (t=3.256; 

P=0.08); whereas there was a significant difference between 
CTVan and CTVgl (t=8.433; P<0.0001) and between CTVpa 
and CTVgl (t=6.001; P<0.0001).

Comparison of CI. CI1‑2 is defined as the CI between CTVan 
and CTVpa, with a mean of 0.644±0.122 (range, 0.490‑0.859); 
CI1‑3 is defined as the CI between CTVan and CTVgl, with 
a mean of 0.264±0.108  (range, 0.130‑0.423); and CI2‑3 is 
defined as the CI between CTVpa and CTVgl, with a mean 
of 0.328±0.115 (range, 0.151‑0.522). There was a significant 
difference between CI1‑2 and CI1‑3 (t=14.708; P<0.0001) and 
also between CI1‑2 and CI2‑3 (t=8.012; P<0.0001).

Comparison of DI. The DI of CTVpa in CTVan was 
0.890±0.08 (range, 0.774‑0.990), the DI of CTVan in CTVpa 
was 0.709±0.144 (range, 0.492‑0.892), the DI of CTVgl in 
CTVan was 0.994±0.005 (range, 0.985‑1.000), the DI of CTVan 

Table I. General characteristics of the patients.

	 Patients
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical features	 n	 %

Age range, years
  30‑40	 6	 40.0
  40‑50	 7	 46.7
  50‑60	 2	 13.3
Breast
  Left	 9	 60.0
  Right	 6	 40.0
Quadrant
  Upper outer	 8	 53.3
  Lower outer	 3	 20.0
  Upper inner	 4	 26.7
  Lower inner	 0	   0.0
Size of primary tumor, cm
  ≤1	 3	 20.0
  1‑2	 7	 46.7
  >2	 5	 33.3
Clinical stage
  T1N0M0	 10	 66.7
  T2N0M0	 5	 33.3
Axillary lymph node removal method
  Sentinel lymph node biopsy	 11	 73.3
  Axillary lymphadenectomy	 4	 26.7
Post‑operative chemotherapy
  Yes	 12	 80.0
  No	 3	 20.0
Post‑operative endocrine therapy
  Yes	 3	 20.0
  No	 12	 80.0

Figure 1. (A) The target volume of the breast delineated according to the ana-
tomical landmarks, depicted as CTVan. (B) The target volume of the breast 
delineated according to the palpation marks, depicted as CTVpa. (C) The 
target volume of the breast delineated based on the images of the computed 
tomograpy scan, depicted as CTVgl. CTV, clinical target volume.

  A

  B

  C
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in CTVgl was 0.264±0.109 (range, 0.130‑0.423), the DI of 
CTVgl in CTVpa was 0.989±0.008 (range, 0.976‑1.000) and the 
DI of CTVpa in CTVgl was 0.329±0.115 (range, 0.151‑0.552).

The boundary defined by CTVan was regarded as the stan-
dard. The distance between CTVpa and CTVan with regard to 
the boundaries was measured in the medial, lateral, cephalic 
and caudal directions (CTVpa boundary located outside the 
CTVan boundary was depicted as a negative value; otherwise 
it was depicted as a positive value), and their mean values were 
3.35±7.23, 5.57±13.37, 1.75±11.62 and 11.25±4.07 mm, respec-
tively. The boundary differences and the correlation between 
target volumes and boundaries delineated are listed in detail 
in Tables II and III.

Discussion

Bentel et al (11) highlighted the fact that the glandular breast 
tissue reflected by X‑ray images cannot represent the real 
volume of the breast, particularly at the superior and lateral 
quadrants, and axillary tail; however, around 60% of cancer 
occurs in these areas (17). In the current study, the delineated 
CTVgl boundary based on the images of the CT scan was 
significantly smaller than that delineated by the other two 
methods; the target volume was only 24.7 and 31.7% of that 
estimated by CTVan and CTVpa, respectively. One possible 
reason for this may be that CTVgl included only the dense 
glandular breast tissue and large breast ducts; the end of 
acinus and small breast ducts may be excluded as they cannot 
be distinguished from the adipose tissue by X‑ray images. 
Therefore, there is a high risk of missing the target volume 
if the analysis is based only on the images of the CT scan. In 
addition, the findings of the current study indicated that the 
target volume defined by CTVan and CTVpa could contain 
99% of the target volume defined by CTVgl. The remaining 

1% target volume was revealed as scattered tiny cloudy 
shadows on the images of the CT scan, which exceeded the 
5‑mm thickness of the subcutaneous tissue. According to 
anatomical studies, the thickness of the subcutaneous adipose 
tissue of the breast is only 0.5 to 2.5 mm (18‑20), therefore, 
the anterior boundary of target volume delineation is usually 
set at a thickness of 3 to 5 mm of the subcutaneous tissue 
to ensure sufficient irradiation without excessive exposure of 
normal skin and subcutaneous tissue.

The results of the current study found that the target volume 
defined by CTVpa was 22% smaller than that defined by CTVan, 
and the CI of the two methods was 0.644 (range, 0.490‑0.859). 
Further comparison indicated that the boundary defined by 
CTVpa was within that defined by CTVan, however, there 
was a large variation among patients; the most significant 
difference was at the cephalic boundary with a coefficient 
of variation up to 6.64, followed by the caudal and lateral 
boundaries with a coefficient of variation of 0.36, consistent 
with the values published in the literature. Giezen et al (21) 
found that the target volume based on the images of the 
magnetic resonance imaging (MRI) scan was 4% larger than 
that defined by the images of the CT scan; a significant differ-
ence was found in the lateral and medial superior directions, 
with a 17% alteration in the target center toward the cephalic 
direction and a 3% alteration in the target center toward the 
dorsal direction. By contrast, Hurkmans et al (12) found that 
the target volume varied differently by each delineation, and a 
significant difference was found in the posterior of the breast, 
and the cephalic and medial boundaries, with a difference of 
42, 28 and 24 mm, respectively; the difference was relatively 
smaller at the anterior, caudal and lateral boundaries, with 
values of 6, 15 and 8 mm, respectively. The results of the 
current study also found that the difference in cephalic and 
medial boundaries was negatively correlated with the target 

Table II. Boundary differences of delineation based on anatomical landmarks and palpation marks.

Boundary	 Mean, mm	 Maximum, mm	 Minimum, mm	 Coefficient of variation

Medial	   3.35	 18.0	  ‑9.2	 2.16
Lateral	   5.57	 20.4	  ‑7.2	 2.22
Cephalic	   1.75	 18.0	‑ 21.0	 6.64
Caudal	 11.25	 21.0	   6.0	 0.36

Table III. Correlation between target volumes and boundaries delineated based on anatomical landmarks and palpation marks.

	 CTVan	 CTVpa	 CTVgl
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑   -‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Boundary	 Correlation factor (r)	 P‑value	 Correlation factor (r)	 P‑value	 Correlation factor (r)	 P‑value

Medial	‑ 0.549	 0.064	‑ 0.681	 0.015	‑ 0.285	 0.370
Lateral	‑ 0.252	 0.430	‑ 0.460	 0.132	‑ 0.243	 0.446
Cephalic	‑ 0.601	 0.051	‑ 0.748	 0.005	‑ 0.542	 0.069
Caudal	‑ 0.143	 0.658	‑ 0.319	 0.313	‑ 0.311	 0.326

CT, computed tomography; CTVgl, clinical target volume by CT images; CTVpa, clinical target volume by breast palpation; CTVan, clinical 
target volume by anatomical landmarks.
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volume defined by CTVpa, i.e., the larger the target volume 
of CTVpa, the smaller the boundary difference. Occasion-
ally, the breast volume may exceed the boundary defined by 
CTVan; however, the lateral or caudal boundary difference 
was not significantly correlated with target volumes defined 
by either method. This is due to a lack of clear boundary 
between the glandular breast tissue and non‑breast tissue on 
the images of the CT scan. The caudal and lateral boundaries 
are relatively clear due to natural folds or drooping of the 
breast tissue, therefore, delineation at the medial or cephalic 
boundary is relatively arbitrary.

Given the limitation of the CT scan images to define the 
boundary of the glandular breast tissue, the delineator and 
delineation methods (or strategy) are important for defining 
the CTV. For instance, Struikmans et al (10) reported that 
five delineators were used in delineating CTV based on 
the CT scan images without using other criteria; the CTV 
finally ranged between 229 and 1,214 cc, with a significant 
difference. By contrast, Xu et al (22) found that there was 
no significant difference among the five delineators with 
regard to CTV with same delineation criteria, even when 
there was a clear difference prior to the criteria being stan-
dardized among them. The majority of the delineators have 
been adjusted significantly with regard to CTV according to 
the delineation criteria. Therefore, the standardized delinea-
tion criteria could significantly reduce the variation among 
patients and delineators regarding CTV delineation, which is 
in agreement with the results of the study by Wang et al (23), 
which reported that the variation in CTV delineated by one 
individual was not affected by the CT scanning mode if 
standardized criteria were used. Metal markers on the tumor 
bed, the tumor bed location and the age of the patient are 
significant factors in CTV delineation. If the location of 
the tumor bed is inclined too much on one side, subjective 
judgment of the delineator will affect the consistency of 
delineation (24). Adipose content of glandular breast tissue is 
positively correlated with age, and as judged by the images of 
the CT scan; the higher the adipose tissue content, the higher 
the difficulty in delineating the target volume. Therefore, 
palpation markers may be more valuable in elderly patients.

Hurkmans  et  al  (12) suggested that the metal wires 
placed around the breast could reduce the arbitrary variation 
among delineators, however, accurate delineation depends 
on the pathological knowledge of the delineator on glandular 
breast tissue and information provided by advanced imaging 
techniques. MRI has a higher resolution on adipose tissue, 
and is able to reveal the structure and surrounding soft 
tissue of the breast more clearly. The major type of tissue 
in the cephalic direction of the breast is the adipose tissue, 
which supports glandular breast tissue; therefore, the volume 
delineated by the MRI scan is larger than that delineated 
by the CT scan. Hence, MRI scan images will be of use in 
target volume delineation, and the fusion of images from the 
CT and MRI scans has already been widely used in target 
delineation for brain tumors, nasopharyngeal carcinoma and 
prostate cancer (25‑27). Due to the profound difference in 
the posture of each patient, there are significant variations 
between the MRI and CT scan images of the breast; however, 
the fusion of the images of the MRI and CT scans is less 
feasible and is difficult for target volume delineation of the 

breast, therefore, this technique remains to be improved and 
investigated further. By contrast, the breast parenchyma are 
wrapped by the surrounding fibrous connective tissues and 
adipose tissues, which function as supportive structures, 
resulting in the difficulty to clearly distinguish the glandular 
breast tissue even by MRI scan.

In summary, due to the limitation with regard to the 
glandular breast tissue, it is not rational if the target volume 
delineation is based only on the CT scan images, as this will 
lead to missing target volume. CT scans in combination with 
MRI would aid in defining the target volume, but requires 
further investigation and improvements to the stabilization 
of the posture of the patients and image fusion. Currently, a 
combination of palpation marks and anatomical landmarks 
to define the contouring scope of the breast is suggested to as 
a relatively rational method for delineating the target volume 
of the breast. It is worth noting that the knowledge and skill 
of the delineators is important for accurate delineation, and 
the size and texture of the breast may affect the determina-
tion of the breast boundaries by palpation, particularly the 
cephalic and medial boundaries.
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