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INTRODUCTION
Throughout the radiotherapy (RT) workflow, from simulation to 
treatment planning, the clinical target volume (CTV) delineation 
is one of the most crucial steps,1,2 since inaccuracy can lead to a 
systematic error downstream.3 Technological advances allowing 
the delivery of more and more conformal RT are bound to 
enhance the impact of uncertainties in contouring.4,5 Significant 
inter- observer variability in CTV delineation of many tumours, 
including breast cancer (BC), has been previously described.6–9 
Against the backdrop of lack of standardization of methodology 
for contouring comparison, different metrics and contouring 
procedures have been used. Vinod and coll.10 reviewed the 
variety of tools used for analysis of contours, encompassing group 
consensus, reference model, average, median, randomly selected 
contour, Gold Standard (GS), Simultaneous Truth and Perfor-
mance Level Estimation (STAPLE).11 Even if the large number of 
available metrics makes the results from different studies difficult 
to be compared, their great value is to create awareness about the 
most common sources of sub- optimal contouring.12–14

The axillary nodal contouring variability at multi- and intra- 
institutional level was investigated in a previous study15 endorsed 
by the Breast Study Group (BSG) of the Italian Association of 
Radiotherapy and Clinical Oncology (AIRO), where three radi-
ation oncologists (ROs) with different expertise (the Expert, the 
Senior, the Junior) worked on three representative patients with 
different complexity (P1 “the simple anatomy”, P2 “the obese”, 
P3 “the altered arm set- up”). The group consensus was gener-
ated using the STAPLE algorithm and acted as reference mean 
contours for comparison calculations.

The current investigation drew on the same datasets and 
represents an expansion of the above- mentioned study.15 Instead 
of using group consensus, a GS CTV (GS- CTV) was generated 
to assess geometric variation. Comparative analyses between 
GS- CTVs and the nodal CTVs delineated by the participating 
centres, named single- centre CTVs (SC- CTV), quantified the 
interobserver variability from a different perspective and laid the 
ground for the subsequent study evaluating dosimetric variation.

METHODS AND MATERIALS
The present study is part of an investigation on nodal contouring 
variability in BC RT initiated and developed within the Breast 
Study Group (BSG) of the Italian Association of Radiotherapy 
and Clinical Oncology (AIRO). Of the 15 initial participating 
RT institutions, 14 accepted to continue the collaboration. In 
addition, four new centres, where junior ROs familiar with the 
project have moved to, joined the investigation. The patients 
were treated at the IEO, European Institute of Oncology, IRCCS, 
Milan, Italy. They gave written informed consent for the use 
of their anonymized clinical and image data for research and 
training purposes. The study was conducted within the research 
project on intensity- modulated RT (IMRT) and hypofraction-
ation on BC notified to the Ethical Committee of the European 
Institute of Oncology (IEO) (26 May 2016, Milan, Italy) and 
approved by the review board.

Gold standard creation and study procedure
The axillary nodal GS- CTV for each of the three case patients 
was created in DICOM format by the median of all CTVs drawn 
by the BC experts of the RT centres originally involved, validated 

Objectives: To determine interobserver variability in axil-
lary nodal contouring in breast cancer (BC) radiotherapy 
(RT) by comparing the clinical target volume of partic-
ipating single centres (SC- CTV) with a gold- standard 
CTV (GS- CTV).
Methods: The GS- CTV of three patients (P1, P2, P3) 
with increasing complexity was created in DICOM 
format from the median contour of axillary CTVs drawn 
by BC experts, validated using the simultaneous truth 
and performance- level estimation and peer- reviewed. 
GS- CTVs were compared with the correspondent 
SC- CTVs drawn by radiation oncologists, using validated 
metrics and a total score (TS) integrating all of them.
Results: Eighteen RT centres participated in the study. 
Comparative analyses revealed that, on average, the 
SC- CTVs were smaller than GS- CTV for P1 and P2 (by 
−29.25% and −27.83%, respectively) and larger for P3 (by 
+12.53%). The mean Jaccard index was greater for P1 and 
P2 compared to P3, but the overlap extent value was 
around 0.50 or less. Regarding nodal levels, L4 showed 

the highest concordance with the GS. In the intra- patient 
comparison, L2 and L3 achieved lower TS than L4. Nodal 
levels showed discrepancy with GS, which was not 
statistically significant for P1, and negligible for P2, while 
P3 had the worst agreement. DICE similarity coefficient 
did not exceed the minimum threshold for agreement of 
0.70 in all the measurements.
Conclusions: Substantial differences were observed 
between SC- and GS- CTV, especially for P3 with altered 
arm setup. L2 and L3 were the most critical levels. The 
study highlighted these key points to address.
Advances in knowledge The present study compares, 
by means of validated geometric indexes, manual 
segmentations of axillary lymph nodes in breast cancer 
from different observers and different institutions made 
on radiotherapy planning CT images. Assessing such 
variability is of paramount importance, as geometric 
uncertainties might lead to incorrect dosimetry and 
compromise oncological outcome.
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using the STAPLE algorithm and peer- reviewed by three inde-
pendent BC experts (CG, GBI, CV) and one radiologist (CG) 
to reach a consensus outline (Figure 1). Subsequently, the nodal 
CTVs independently drawn by the 14 expert/senior and the 
four junior ROs (SC- CTV) on the same CT images of the three 
patients were retrieved from the previous work and compared 
to the newly formed GS- CTVs, whose volumes are reported in 
Table  1. Such comparisons were performed both considering 

the GS- and the SC- CTVs as a whole and by breaking down 
the nodal level (L2, L3, L4) CTVs using the MIM software v. 
6.1.7 (MIM Software, Cleveland, OH). L1 was not investigated 
in this phase. The participants were asked to follow the AIRO 
contouring guidelines.15–17

Indexes for geometric comparisons
Geometric differences between the GS- CTV and the SC- CTV 
for each patient were measured according to some of the metrics 
proposed by the American Association of Physicists in Medicine 
Task Group 13218 for evaluating differences in image registra-
tion. Specifically, differences in terms of shape, size and position 
between the volume encased by the GS contour (VGS) and by the 
SC contour (VSC), as well as between single nodal levels were 
assessed using the following geometric metrics:

• Jaccard Index (JI)
This index is defined as the volume intersected by VGS and VSC, 
divided by the union of the two volumes19 :

 JI = VGS ∩ VSC
VGS∪ VSC

= VGS ∩ VSC
VGS+ VSC−VGS ∩ VSC   

This index ranges from 0 (no overlap) to 1 (perfect overlap).

Figure 1. Qualitative assessment of areas of variability: for all the three representative patients (P1, P2 and P3), all clinical target 
volumes (CTVs) (single- centre CTVs in white and gold standard CTV in black and grey- filled) were overlaid in the axial, coronal 
and sagittal CT planes, to visually quantify the interobserver variability.

Table 1. Volumetric characteristics of gold standard- clinical 
target volumes (GS- CTVs) of the nodal levels (L2, L3 and L4), 
individually and collectively, by representative patient (P1, P2 
and P3).

P1 P2 P3
L2 GS- CTV 29.00 45.29 17.96

L3 GS- CTV 13.72 24.22 11.76

L4 GS- CTV 43.07 59.28 28.49

Whole GS- CTV (L2 + L3+L4) 85.78 128.80 58.19

GS- CTV, gold standard clinicaltarget volume; L2, L3, L4, lymph node 
level 2, 3 and 4; P1, P2, P3, patient 1, 2 and 3.
The table reports volumes expressed in cm3.

http://birpublications.org/bjr
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• Mean Distance to Conformity (MDC)
This index is defined as the mean distance, expressed in 
mm, between each point in VGS (PGS,i), and the nearest 
point in VSC (PSC,i). One mathematical translation of that is, 
approximately:

 MDC =
∑N

i=1 d
(
PGSi , PSCi

)

N =
∑N

i=1

√(
xGSi−xSCi

)2
+
(
yGSi−ySCi

)2
+
(
zGSi−zSCi

)2

N   

where N is the total number of considered points. If contours 
perfectly overlap, this index is equal to 0, otherwise it increases 
as agreement decreases.

• Volume Difference (VD)
It is the relative percentage difference between VGS and VSC.

 VD =
(
VSC− VGS

VGS
· 100

)
%  

The absolute value of VD and level of agreement are inversely 
correlated.

• DICE Similarity Coefficient (DSC)
It is defined as twice the volume encompassed by both contours 
divided by the sum of the two volumes. In symbols:

 DSC = 2 VGS ∩ VSC
VGS+ VSC   

The higher the DSC, the higher the agreement.
• Sensitivity Index (SI)

It quantifies the intersection volume between VSC and VGS 
compared to the volume of the latter. It measures the proba-
bility that the SC contour matches the GS one.16

In symbols:

 SI = VGS ∩ VSC
VGS   

The higher the SI, the higher the agreement.
• Inclusion Index (II)

It quantifies the intersection volume between VSC and VGS 
compared to the volume of the former. It measures the prob-
ability that a voxel of the SC contour is actually a voxel of the 
GS one.16 In symbols:

 II = VGS ∩ VSC
VSC   

The higher the II, the higher the agreement.
For a better interpretation of the results and to give an imme-
diate indication of the degree of concordance with the GS of 
patients and nodal levels, an additional parameter, namely Total 
Score (TS), was created by assigning to each index a point value 
from 1 to 3 (from worst to best). Being JI, DSC, SI and II directly 
correlated to the level of agreement, higher scores were given to 
higher indexes. On the other hand, since MDC and the abso-
lute value of VD increase as the agreement decreases, higher 
scores were assigned to lower indexes. In this way, a higher TS 
corresponded to a higher level of agreement with the GS. All the 
metrics derived for contour analysis were computed using the 
ImSimQA software (v4.2, Oncology Systems Limited, Shrews-
bury, UK).20

Statistical analysis
For every type of score, any significant difference between the 
distributions of segmentation results across patients and across 
lymph nodes was checked with the Kruskal- Wallis test. Differ-
ences among patients were assessed both on individual nodal 
level and the entire CTV. If any statistical significance was found 
(p- values lower than 0.05), the deviating patient/nodal level was 
identified as “odd- one- out” (OOO).

RESULTS
A total of 18 RT centres participated in the study. All SC- CTVs 
for P1 were analysed, whereas 1 SC- CTV for P2 and 2 SC- CTVs 
for P3 were excluded due to technical issues in the uploading 
process of DICOM images. For each representative case, the 
SC- CTV was compared to the GS- CTV (Table  2). Overall, for 
P1 and P2, the SC- CTV was significantly underestimated by the 
ROs (by −29.25% and −27.83%, respectively), whereas for P3 it 
was slightly overestimated (by +12.53%). Given the mathemat-
ical definition of SI and II, which are inversely correlated with 
VGS and VSC, respectively, this observation was further supported 
by the average higher value of SI and the lower average value of 
II (0.63 and 0.59, respectively). The GS volumes, expressed in 
cm3, are reported in Table  1. DSC values for both individual 
nodal levels and the whole SC- CTV did not exceed 0.70, which 
is considered the minimum threshold for agreement. Average JI 
was lower than 0.50 in almost all the comparisons. The mean 
distance between each point of GS and the nearest point of SC 
volumes, that is MDC, was greater than 5 mm. Many indexes 
presented high standard deviation (SD), which confirmed the 
high contouring variability.

Inter-patient and intra-lymph node level analysis
Table 2 reported the agreement between the SC and GS contour 
volumes, considering both the whole CTV and the single nodal 
levels, for the three case patients. When the whole CTV was 
considered, the lowest TS was assigned to P3 and was mainly 
imputable to the lowest scores achieved in L2 and L3. In partic-
ular, the difference between P3 and the other patients was statis-
tically significant when considering JI, VD and II. L4 showed 
the greatest concordance, even in P3. No difference between the 
SC and GS contour volumes of L2, L3 and the entire CTV was 
observed for P1 and P2. The JI, which expresses the extent of 
overlap, was quite low (less than 0.50 for L2 and L3 and slightly 
higher or close to 0.50 for L4). Figure  1 provides a graphical 
visualization of the interobserver variability, showing SC- CTVs 
(white- coloured) overlap and discrepancy with the GS- CTV 
(black- coloured and grey- filled).

Inter-lymph node level and intra-patient analysis
Table  3 reported the agreement between the SC and the GS 
contour volumes of single nodal levels within the same patient. 
For all patients, L4 exhibited the greatest concordance with 
GS and therefore achieved the highest TS. Especially for P3, 
L4 differed from the other nodal levels to such an extent to be 
considered the “odd- one- out” (OOO) for almost all indexes. 
P1 achieved the best agreement for any axillary level (p- values 
> 0.05). Conversely, virtually all the indexes for P3 revealed 
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statistically significant differences between the compared SC and 
GS volumes.

DISCUSSION
Accurate target delineation represents one of the most crit-
ical steps of modern RT, which aims to deliver more and more 
conformal treatments.21–24 Several studies have demonstrated 
substantial interobserver variations in the contouring of breast 
target volumes, especially with respect to tumour bed and nodal 
regions.9,17,25,26 Reasons for clinical practice variability are 
multifactorial and partly due to the small target volumes, which 
enhance the relative differences in contours. In the study by Li 
and coll.,26 the mean JI expressed as percent overlap was 39–51% 
for axillary nodes compared to 72–77% for the larger chest wall/
breast volumes.

The significantly higher variability found in the previous 
study15 across patients (as the difficulty of the case increased, 

concordance decreased) and nodal levels (worse results with 
those centrally located) has been confirmed by the current one 
in presence of GS as a benchmark. These comparative analyses 
were restricted to L2- L4 because these nodal levels are gener-
ally included in the locoregional RT after nodal dissection.27 
L1 coverage will be the object of subsequent investigation. 
Overall, the mean DSC was very similar between the previous 
and the current study, being comprised between 0.60 and 0.70, 
confirming the moderate agreement. The mean JI of nodal levels 
remained quite low, around 0.50 or less, especially for P3. As a 
matter of fact, the SC- CTV for P3 was larger than that outlined 
for P1 and P2. This finding confirms the trend of drawing larger 
volumes to offset uncertainty linked to the different arm posi-
tion. In the atlas published by Martinez- Monge and coll.28 the 
breast nodal levels were delineated as large areas instead of sepa-
rate entities to underline uncertainty about the exact locations. 
P3 with the altered arm set- up presented the greatest variability 
according to all the metrics, mainly affecting L2 and L3. This is 

Table 2. Inter patient comparison: degree of agreement between single centre- and gold standard- clinical target volumes by 
axillary nodal level (L2, L3 and L4). Mean values are reported

Contour Patient JI MDC (mm) VD (%) DSC SI II TS
L2 CTV P1 0.44 (0.16) 8.70 (4.18) −39.64 (16.46) 0.61 (0.17) 0.49 (0.17) 0.83 (0.19) 2.3

P2 0.40 (0.12) 9.05 (2.70) −32.33 (20.18) 0.60 (0.12) 0.51 (0.14) 0.76 (0.12) 2.2

P3 0.28 (0.13) 12.22 (5.80) 38.21 (53.41) 0.45 (0.18) 0.54 (0.24) 0.40 (0.16) 1.5

p- value 0.017 0.111 <0.001 0.024 0.537 <0.001

OOO P3 P3 P3 P3

AVE 0.37 9.99 36.73 0.55 0.51 0.66

L3 CTV P1 0.42 (0.16) 10.03 (10.43) −23.23 (44.11) 0.59 (0.22) 0.54 (0.21) 0.69 (0.26) 1.8

P2 0.43 (0.13) 8.64 (6.09) −13.33 (41.50) 0.64 (0.14) 0.60 (0.17) 0.74 (0.16) 3.0

P3 0.35 (0.19) 11.80 (12.08) 44.03 (95.12) 0.51 (0.25) 0.57 (0.26) 0.51 (0.29) 1.2

p- value 0.296 0.676 0.012 0.230 0.681 0.021

OOO P3 P3

AVE 0.40 10.16 26.86 0.58 0.57 0.65

L4 CTV P1 0.52 (0.12) 7.39 (1.97) −25.63 (15.63) 0.70 (0.10) 0.61 (0.13) 0.83 (0.10) 2.3

P2 0.49 (0.08) 7.78 (1.76) −32.66 (15.40) 0.67 (0.07) 0.57 (0.11) 0.85 (0.07) 1.5

P3 0.53 (0.13) 8.28 (4.23) −18.04 (22.90) 0.70 (0.12) 0.63 (0.13) 0.80 (0.16) 2.2

p- value 0.429 0.625 0.192 0.471 0.681 0.886

OOO

AVE 0.51 7.82 25.44 0.69 0.60 0.83

Whole CTV
(L2 +L3+L4)

P1 0.48 (0.10) 7.79 (1.91) −29.25 (13.44) 0.68 (0.08) 0.58 (0.09) 0.83 (0.09) 2.2

P2 0.48 (0.07) 8.28 (1.67) −27.83 (14.21) 0.67 (0.06) 0.58 (0.09) 0.81 (0.06) 2.2

P3 0.39 (0.11) 9.77 (2.90) 12.53 (32.13) 0.60 (0.12) 0.63 (0.14) 0.59 (0.15) 1.7

p- value 0.033 0.119 <0.001 0.112 0.225 <0.001

OOO P3 P3 P3

AVE 0.45 8.61 23.20 0.65 0.60 0.74

AVE, average; CTV, clinical target volume; DSC, DICE similarity coefficient; II, inclusion index; JI, Jaccard index; L2,L3, L4, lymph node level 2, 3 and 
4; MDC, mean distance to conformity; OOO, odd- one- out (the one differing from the others in the group); SI, sensitivity index; TS, total score; VD, 
volume difference.
Standard deviations (SDs) are put in parentheses. Statistically significant p- values (<0.05) are highlighted in bold.
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consistent with the previous work and other reports showing that 
the position of the arm changes the location of the axillary nodes, 
particularly the central ones, in relation to the movement of the 
adjacent vessels and muscles.15,29–32 As a result, the whole CTV 
of P3 presented the lowest JI, DSC, and II, while showing the 
highest MDC and SI compared to P1 and P2. In the compar-
ison of the individual nodal level SC- CTVs within each patient, 
P1 and P2 showed no statistically significant discrepancies with 
the GS counterparts (except the metric II for P2, which favored 
L4 against L2-3). However, looking at the TS assigned to axil-
lary levels of these two patients, L2 and L3 presented the worst 
value, confirming that poor concordance, although small, could 
remain even with conventional arm set- up. Other authors found 
that the most critical region is the crossing point from the medial 
part of infraclavicular nodes to the lateral part of supraclavicular 
nodes.26,33 In the current study, the whole supraclavicular fossa, 
corresponding to L4, contributed to variability to a lesser extent, 
and high concordance with the GS was observed even for P3. In 
fact, for all patients, the highest TS has always been assigned to 
L4. Similar findings emerged also in the previous study.15

Comparative analysis of the single nodal levels in each patient 
with the GS counterparts showed high concordance for P1, the 
simple case patient, while the worst degree of agreement was 

observed for P3, once again confirming the results of the first 
study.15

The choice of reference volume for comparison is always a matter 
of contention. The previous study15 used the STAPLE contours 
as a reference for comparison, because the aim was not to eval-
uate the accuracy of the contours, but the concordance between 
observers. In the current one, the GS contour was created as 
necessary step to correlate the volume variations with the dosim-
etric differences in the treatment planning. Since every method 
used for comparison can be subject to criticism,34 the choice of 
the GS is both a strength and a limit. The GS- CTV was created 
by the median of all the CTVs drawn by the experts involved 
in the first study for each patient and subsequently validated 
by the STAPLE algorithm to further reduce differences, there-
fore, providing the most probable volume. Finally, it underwent 
adjustments and refinements by three independent ROs and 
one diagnostic radiologist until agreement was reached. In such 
a way, the GS- CTVs were considered to be reliable in defining 
the true extension of nodal levels. However, it can be argued that 
the “true” CTV is not a real entity.34 As Allozi and coll.35 stated, 
although experts could agree on identification of a certain region 
of interest on CT images, that does not mean it is necessarily 
correct. This statement is particularly true for nodal axillary 

Table 3. Inter nodal level comparison: degree of agreement between single centre- and gold standard- clinical target volumes by 
patient (P1, P2 and P3). Mean values are reported

Patient Contour JI MDC (mm) VD (%) DSC SI II TS
P1 L2 0.44 (0.16) 8.70 (4.18) −39.64 (16.46) 0.61 (0.17) 0.49 (0.17) 0.83 (0.19) 1.8

L3 0.42 (0.16) 10.03 (10.43) −23.23 (44.11) 0.59 (0.22) 0.54 (0.21) 0.69 (0.26) 1.5

L4 0.52 (0.12) 7.39 (1.97) −25.63 (15.63) 0.70 (0.10) 0.61 (0.13) 0.83 (0.10) 2.8

p- value 0.164 0.500 0.087 0.194 0.268 0.076

OOO

AVE 0.457 8.706 −29.499 0.632 0.548 0.785

P2 L2 0.40 (0.12) 9.05 (2.70) −32.33 (20.18) 0.60 (0.12) 0.51 (0.14) 0.76 (0.12) 1.3

L3 0.43 (0.13) 8.64 (6.09) −13.33 (41.50) 0.64 (0.14) 0.60 (0.17) 0.74 (0.16) 2.2

L4 0.49 (0.08) 7.78 (1.76) −32.66 (15.40) 0.67 (0.07) 0.57 (0.11) 0.85 (0.07) 2.5

p- value 0.125 0.135 0.231 0.209 0.200 0.014

OOO L4

AVE 0.439 8.493 −26.107 0.635 0.557 0.782

P3 L2 0.28 (0.13) 12.22 (5.80) 38.21 (53.41) 0.45 (0.18) 0.54 (0.24) 0.40 (0.16) 1.2

L3 0.35 (0.19) 11.80 (12.08) 44.03 (95.12) 0.51 (0.25) 0.57 (0.26) 0.51 (0.29) 1.8

L4 0.53 (0.13) 8.28 (4.23) −18.04 (22.90) 0.70 (0.12) 0.63 (0.13) 0.80 (0.16) 3.0

p- value <0.001 0.042 0.001 0.001 0.796 <0.001

OOO L4 L2a L4 L4 L4

AVE 0.383 10.768 21.402 0.550 0.580 0.570

AVE, average; DSC, DICE similarity coefficient; II, inclusion index; JI, Jaccard index; MDC, mean distance to conformity; OOO, odd- one- out (the one 
differing from the others in the group); P1, P2, P3, patient 1, 2 and 3; SI, sensitivity index; TS, total score; VD, volume difference.
Standard deviations (SDs) are put in parentheses.
Statistically significant p- values (<0.05) are highlighted in bold.
ap- values 0.07 and 0.01 towards L3 and L4, respectively.
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drainage, which is basically a ‘‘clinical’’ target:12 the landmarks 
centred on vessels and muscles on non- enhanced CT images 
are not sufficiently solid to define clear borders, being heavily 
affected by individual patient variability and physicians’ inter-
pretation. Such uncertainties can generate different CTVs and 
make it challenging to guarantee the standardization of uniform 
delineation. To make comparison with the GS, only one SC- CTV 
for each institution was extracted. As a rule, the choice fell on the 
SC- CTV drawn by the expert or, as an alternative, by the senior, 
of each participating centre. On the other hand, the four junior 
ROs of the newly joined institutions were given their own CTVs, 
to avoid any duplication. The selection was arbitrarily made and 
might represent a limitation of the study, although several reasons 
lay behind this decision. The GS- CTVs were initially created by 
the median of the SC- CTVs drawn only by the experts; therefore, 
it seemed reasonable to follow suit. Moreover, by analsing only 
one SC- CTV for each patient (in total 51 compared 126 CTVs of 
the first study), the results were streamlined in order to simplify 
the subsequent study on the dosimetric impact.

Even if we restricted the analysis, the number of participants 
and datasets remains a strength of the study, being larger than 
the median of 7 and 9, respectively, reported in the literature by 
Vinod and coll..10 The optimal number of observers for this kind 
of investigation is unknown, but similar studies showed that, as 
the number of observers increased, the statistical significance of 
the results increased.7,8,36 Although there is no consensus on the 
appropriate metrics for contours comparison,37 in this study the 
number of the indexes was expanded compared to the previous 
one, in order to better quantify the contour variability. The use of 
multiple metrics allows more in- depth analysis of the contours,37 
as each index contributes by adding a useful piece of information. 
The definition of a total score, which encompasses all the metrics, 
can be considered as one of the main strength points of the study, 
as it gave a clearer and immediate evaluation of the degree of 
consistency between SC and GS- CTVs. In this way, geometric 
differences in shape, volume and position between contours are 
evaluated as a whole, with each of parameters having the same 
weight. However, in some respects, the TS might be too restric-
tive and not reflecting the complexity of clinical reality. In fact, 
depending on the clinical situation, ROs can give higher priority 
to some parameters rather than others, resulting in discrepancy 
between the ideal TS and the appropriateness of contouring for 
that specific case.

To conclude, substantial differences were observed between the 
SC- CTV and the GS- CTV of the three representative patients, 
especially for the one with altered arm set- up (P3). The central 
levels (L2 and L3) were the most penalized. Improving level of 
accuracy is vital to high- precision RT. Identification of regions 
where variability is more marked can raise awareness and focus 
the attention of educational interventions to avoid potential 
pitfalls in breast target volume contouring. Future developments 
include the assessment of the dosimetric impact of such delinea-
tion variability.
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