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Introduction
The delineation of target volumes is one of the key steps in 
the preparation of a radiotherapy treatment plan of intensity 
modulated radiotherapy (IMRT, as well as the good quality 
three-dimensional conformal RT. However, the IMRT needs 
the strict delineation of the target volumes as well as the 
organs at risk (OARs) of breast cancer (BC) patients, which 
is a time-consuming process.1 On the other hand, major 
differences in anatomical and radiological delineation for 
BC RT were observed among the physicians,2 which is why 
international recommendations and radioanatomy atlases 
are regularly updated, reducing this variability.3

The development of computer systems and the improve-
ment of the images processing makes it possible to 
develop software for delineation automatically for radia-
tion therapy. In this study, firstly we tried to optimize the 

delineation procedure in the population of BC patients with 
the automatic contouring software Workflow Box (Mirada 
Medical,Oxford, UK). As the second point, we tried to 
homogenize practices and improve the reproducibility. The 
purpose of this work is to report the development of this 
procedure and its use in the routine clinical practice.

methods and Materials
Atlas data set creation
40 records of consecutive patients with early stage BC irra-
diated in our department were selected. Among them, 10 
patients were treated on the right breast, 10 on the right 
chest wall, 10 on the left breast and 10 on the left chest wall. 
And all the lymph node areas were included. Contrast-en-
hanced CT images acquisition was performed using a large 
bore CT-scanner (Aquilion™ LB, Toshiba Medical, Puteaux, 
France) with 2.5 mm slices. The patients were placed on 
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Objective: To describe the practical procedure of imple-
mentation and optimization of delineation using “Mirada” 
software, as well as evaluation of the automatic segmenta-
tion for the daily practice of lymph nodes (LN) and organs 
at risk (OARs) in early stage breast cancer patients.
Methods: 40 patients’ CT scans in treatment posi-
tion were selected and recontoured according to the 
European Society of Therapeutic Radiation Oncology 
guidelines. The atlas of data  set was then created for 
automatic delineation. 30 patients with breast/chest 
wall and lymph nodes regions irradiated were recruited 
for evaluation. With the same treatment position, the 
CT scan images were acquired and then contoured by 
the MIRADA system automatically as well as by the 
radiation oncologist manually (as the reference). The 
conformity index (CI) was used to evaluate the concord-
ance between both of them.

Results: The mean time for manual contour was 24.1 ± 
5.1 and 26.4 ± 2.8 min for the LN and the OARs respec-
tively. All the volumes of interest were contoured using 
the software (including corrections) in 30 min, which 
reduced the time of delineation of target volumes and 
OAR by about 40%. Of the 30 cases evaluated, the mean 
CI of 5 principal OARs showed ≥0.8. While the automatic 
contour of LN was less satisfactory with mean CI of 0.43 
± 0.1 (0.23–0.52).
Conclusion: For the breast cancer patients, the studied 
software permitted to save time for delineation with 
acceptable OAR contours. The improvement of LN 
regions contour is needed. More cases and further evalu-
ation are needed for the system to realize its routine use.
Advances in knowledge: It’s the first description and 
evaluation of the automatic delineation and segmenta-
tion system for the breast cancer.

https://doi.org/10.1259/bjr.20180095
mailto:Youlia.Kirova@curie.fr


2 of 6 birpublications.org/bjr Br J Radiol;91:20180095

BJR  Xu et al

the immobilization system in supine position with the ipsilateral 
arm abducted, free breathing.

The target volumes and the OARs were recontoured by two 
radiation oncologists according to the recommendations of the 
European Society of Therapeutic Radiation Oncology Guidelines 
for target volume delineation4,5 to obtain homogeneous volume 
definition and delineation. Eight target volumes as shown below 
have been delineated using Eclipse, Varian, USA. The time spent 
contouring manually was recorded.

Breast CTVp_breast

Chest wall CTVp_thoracicw

Rotter or interpectoral nodes CTVn_interpec

Internal mammary chain CTVn_IMN

Lymph node level 1 CTVn_L1

Lymph node level 2 CTVn_L2

Lymph node level 3 CTVn_L3

Lymph node level 4 CTVn_L4

Then, 13 OARs were contoured by 5 radiation oncologists in a 
data set of previously presented 40 patients with BC, as following: 
heart, left anterior descending coronary artery, bilateral lungs, 
esophagus, humeral head, contralateral breast, spinal cord, 
thyroid, and brachial plexus ipsilateral. OARs as kidney, spleen, 
and liver are delineated in all patients who underwent rotational 
IMRT by tomotherapy or volumetric arc therapy.

These data were transferred from Eclipse, Varian, USA to Mirada 
Software by the team of physics. These cases were then used to 
create an atlas in the automatic segmentation software Workflow 
Box (Mirada Medical, Oxford, UK) serving as a model for the 
future automatic contours.

Atlas-based segmentation
We recruited 30 patients who received whole breast or chest 
wall irradiation in our department. Patients with very special 
anatomy such as pectus excavatum and patients with breast pros-
theses were excluded from the study. The images were acquired 
from the same CT scan with same treatment position as they 
were acquired in the atlas data set.

After the images of these patients been imported into the Mirada 
software, a registration algorithm free form deformation based 
on Lucas Kanade Optic Flow implementation (1 × 1 × 3 mm grid 
size),4 was used to create the outlines of the lymph nodes target 
volumes and the risk organs for each of these patients auto-
matically by transforming existing segmentations to the corre-
sponding structures in the current images.

Evaluation
Of the 30 cases for evaluation, 15 cases were irradiated on the left 
side (10 on the chest wall and 5 on the breast) and 15 cases were 
on the right side (11 on the chest wall and 4 on the breast). These 
30 cases were also contoured by a radiation oncologist according 
to the recommendations of the European Society of Therapeutic 

Radiation Oncology.5,6 The manual contours were acted as a 
reference for the study. According to our daily practice, the lungs 
were the only OARs using the semi-automatic contouring tool 
integrated with Eclipse contouring software (Eclipse 3D v. 13.6, 
Varian Medical Systems Inc., Palo Alto, CA, USA) which was 
used to recognize the pulmonary parenchyma instead of manual 
contouring slice by slice. Then the software Artiview (Aquilab, 
Loos les Lille, France) analyzed the conformity of the delineation 
for each patient. The precision of the delineation was evaluated 
with the conformity index (CI)7 which represented the ratio of 
overlapping volume to encompassing delineated volume:

	﻿‍

CI = AC ∩MC
AC ∪MC

CI = Conformity Index
AC = Automatic Contour
MC = Manual Contour ‍�

The optimum value of CI is 1, indicating 100% concordance. 
A CI of 0.50 indicates that the observers agreed on 50% of the 
encompassing delineated volume, and a CI of 0 indicates no 
concordance. The variability and differences between the auto-
matic outlines and manual ones were quantified and the stan-
dard deviations were calculated.

The volumes evaluated in this preliminary study were the target 
volumes including lymph nodes regions I, II, III, IV, interpec-
toral lymph nodes, internal mammary lymph nodes, and the 
OARs  including heart, esophagus, lungs, humeral heads, liver, 
kidneys, thyroid, spinal cord.

The volumes evaluated in this preliminary study were the target 
volumes including lymph nodes regions I, II, III, IV, interpec-
toral lymph nodes, internal mammary lymph nodes, and the 
OARsincluding heart, esophagus, lungs, humeral heads, liver, 
kidneys, thyroid, spinal cord.

The time that spent on delineation were recorded as well as the 
time spent on correction.

results
Eight persons worked in this study, of them four radiation oncol-
ogists, two physicists and two were senior dosimetrists. Two 
radiation oncologists were involved in the delineation of the 
target volumes. The OARs were contoured by two young radi-
ation oncologists and validated by senior radiation oncologists. 
Figure  1 showed the three-dimensional reconstruction of the 
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volumes of interest contoured for this study. The transfer of these 
data from Eclipse to Mirada Software by the team of physics was 
realized.

Evaluation of the time
The average time for manual contour was 24.12 ± 5.09 min (mean 
± standard deviation) for the ipsilateral lymph nodes regions 
to obtain satisfaction for the quality and conformity. And the 
average time for the OARs was 26.44 ± 2.79 min (mean ± stan-
dard deviation). While the automatic contour was feasible within 
10 min, followed by 20 min corrections and clinical validation. 
Within 30 min, all the volumes of interest were contoured with 
the help of the software (including corrections). The automatic 
contour software has reduced the time spent on delineation of 
interest volumes (target volumes and OARs) by about 40%.

Evaluation of the OARs
In these 30 cases evaluated, the average CI of these OARs was 
0.77 ± 0.17. The lungs were the structure best contoured by the 
software with the CI of 0.97 ± 0.03, while the thyroid was the 
worst with the CI of 0.47 ± 0.21. The average CIs in five OARs 
were greater than or equal to 0.8, while it was less than or equal 
to 0.5 in only two OARs.

The minimum CI value of the lungs, liver and heart were greater 
than 0.8, which means that these contours were always consis-
tent with the manual contour. On the other hand, the average CI 
of the humeral heads was greater than 0.8 but the minimum of 
which were 0.13 (left) and 0.17 (right). There is, therefore, at least 

one case of the cohort that was inconsistent with the structure 
automatically contoured. The CI results for the contours of the 
risk organs are showed in Table 1.

As for the volumes (cm3) of the OARs, except the two largest 
ones (lungs and liver), the software MIRADA tended to contour 
smaller volumes than those performed by the radiation oncol-
ogists. Table  2 compared the volumes (cm3) of the different 
contours.

Evaluation of lymph nodes regions
The average CI of lymph nodes regions was 0.43 ± 0.1, with the 
range from 0.23 ± 0.13 (internal mammary chain, IMN) to 0.52 
± 0.1(lymph node level 1). Except the IMN, other lymph nodes 
regions were evaluated with the CIs’ range from 0.43 to 0.52. 
Figure 2 shows the difference between the contours of Mirada 
and those of the radiation oncologists for the lymph nodes 
regions. The volumes of the lymph nodes regions contoured 
automatically, same with the OARs, were smaller than those 
contoured manually (Table 2).

Discussion
In this study, we improved and created our own atlas of delinea-
tion for target volumes and OARs in early stage BC patients. And 
the atlas-based automatic segmentation software—MIRADA, 
producing an acceptable quality work, allowed a real time-saving 
work for the radiation oncologists. At the beginning of this work, we 
selected 13 OARs to create the atlas of delineation in those 40 cases. 
After that, we found the automatic segmentation software failed in 

Figure 1. 3D reconstruction of the volumes of interests: LN—Level I in dark blue, Level II in red, IP in orange, Level III in blue, Level 
IV in dark green; humeral head in pink, thyroid in violet, esophagus in brown, lungs in yellow, heart in light pink, liver in light brown, 
kidney left and right in green, spinal cord in yellow. 3D, three-dimensional; IP, interpectoral; LN, lymph nodes.
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small volumes as the coronaries or brachial plexus. The delinea-
tions of them were scattered and only a few slices were contoured. 
So, we decided to remove these two OARs from our study and to 
continue to delineate them manually. However, the same problem 
was then observed in the target volumes as the internal mammary 
nodes, which was another “small” volume target, with CI of 0.23 
± 0.13. The average volume of IMN in our study was 7 and 5 cm3 
contoured manually and automatically, respectively.

Similar findings were reported by Isambert et al8 have evalu-
ated an automatic delineation software for cerebral OAR in 11 
patients. They reported very similar findings as ours in extremely 
different localization and they proposed this classification: (i) the 
“acceptable” region: both the sensitivity and specificity are high. 
OAR are adequately segmented, thus well-protected, and the 
number of possibly under irradiated target volume voxels is low, 
(ii) the “poor” region: the specificity is high and the sensitivity is 
low. OAR are not sufficiently protected, but the number of under 
irradiated target volume voxels is low; (iii) the “high risk” region: 
the sensitivity is high and the specificity is low. The contours of 
OAR are too large, therefore a neighboring target volume could 
be under irradiated, (iiii) the “unacceptable” region: both the 
sensitivity and specificity are low. The automatic segmentation 
quality is completely unsatisfactory. OARs are not adequately 
protected and a neighboring target volume could be underirra-
diated. They found it was a reliable tool for automatic delinea-
tion of large structures, the organs that exceeded 7 cm3. But the 
smaller structures must continue to be delineated manually by an 
expert. The important reason we think that may underperform 
the results in terms of CI level, is the baseline CT slice thickness 
of 5 mm. It’s hard for a software to autodelineate small volume, 
when we use 5 mm thickness of baseline CT slices.

Many methods exist to compare the automatic segmentation and 
manual contour. Several indices have been described but their diver-
sity reported makes it difficult to be widely used. The volume index 
was reported more sensitive in evaluating the errors of overlap.9 But 
there is still no consensus on what level of the CI might considered 
as a threshold for an acceptable conformity between volumes. In 
this study, the CI levels for most of the OARs were higher than 0.8, 
which showed a relatively satisfactory concordance. But the CI level 
for most of the target volumes was around 0.5, which indicated the 
delineation of lymph nodes volumes was not yet as satisfactory as 
that of the OARs, and more manual corrections time were needed 
for the lymph nodes volumes.

The most distinct advantage of the automatic delineation soft-
ware compare to the manual contour is saving the time. Isambert 
et al8 observed that the average time of cerebral OAR delinea-
tion was approximately 30–60 min without assistance, while 
automatic segmentation of OAR was achieved in 7–8 min. Same 
results were also reported in delineation of pelvic, abdominal 
and thoracic structures.10–13 However in these studies, the time 
spent on the correction of the automatic delineations by the radi-
ation oncologists was not specified. So that the real time saved by 
the software could not be measured. In this study, we recorded 
the time spent on the corrections and found 40% of the time 
was reduced. Moreover, we suspect that the OARs, especially the 

Table 1. CI of the OARs and the lymph nodes regions

Mean SD Max Min

OARs

Thyroid 0.47 0.21 0.79 0

Esophagus 0.51 0.17 0.73 0.23

Kidney (left) 0.68 0.26 0.92 0

Kidney (right) 0.71 0.26 0.93 0

Spinal cord 0.83 0.14 1 0.59

Humeral head 
(right)

0.83 0.15 0.98 0.17

Humeral head 
(left)

0.85 0.16 1 0.13

Liver 0.92 0.03 0.99 0.84

Heart 0.92 0.03 0.99 0.87

Lungs 0.97 0.03 1 0.9

Lymph 
nodes 
regions

IMN 0.23 0.13 0.52 0.04

I 0.52 0.1 0.67 0.19

II 0.43 0.11 0.62 0.14

III 0.45 0.14 0.71 0.13

IV 0.45 0.11 0.63 0.16

IP 0.5 0.18 0.77 0

CI, conformity index; IMN, internal mammary chain; IP, interpectoral 
nodes; LN, lymph nodes; OARs, organs at risk

Table 2.The mean volumes (cm3) of the automatic contours 
(Mirada) and the manual contours (references)

Mirada 
(mean ± SD)

References 
(mean ± SD)

OARs

Heart 615 ± 109 622 ± 115

Liver 1355 ± 316 1282 ± 394

Kidney (right) 76 ± 45 84 ± 43

Kidney (left) 97 ± 45 105 ± 42

Esophagus 21 ± 8 23 ± 4

Humeral head 
(right)

50 ± 9 51 ± 7

Humeral head 
(left)

49 ± 9 52 ± 7

Spinal cord 63 ± 14 61 ± 14

Lungs 1814 ± 769 1764 ± 801

Thyroid 9 ± 5 11 ± 5

Lymph 
nodes 
regions

IMN 5 ± 4 7 ± 3

I 64 ± 23 72 ± 26

II 13 ± 5 20 ± 8

III 11 ± 4 18 ± 5

IV 10 ± 4 15 ± 5

IP 10 ± 5 11 ± 5

IMN. internal mammary chain; IP, interpectoral nodes; OARs, organs 
at risk; SD, standard deviation.
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