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Purpose: External beam radiation therapy has grown significantly, incorporating advanced techniques like intensity modulation or
stereotactic treatments, which enhance precision and accuracy. Nevertheless, variability in target volume delineation by radiation
oncologists remains a challenge, influencing dose distribution. This study analyzes an online training course by the Spanish Society of
Radiation Oncology, focusing on head and neck tumor contouring, to evaluate interobserver variability.
Material and Methods: Eight instructors provided clinical directives for 8 head and neck pathologies. Participants contoured
structures using their own treatment planning systems, emphasizing gross tumor volume and high-, medium-, and low-risk clinical
target volumes (CTV) contouring. Delineation variability was evaluated using the Dice similarity coefficient and volume relative
change.
Results: The results reveal significant variability in contouring, with mean Dice similarity coefficient values ranging from 0.57 to 0.69.
High-risk CTV demonstrated higher variability compared with medium-risk CTV. The presence of a gross tumor volume and
supporting positron emission tomography/computed tomography or magnetic resonance imaging studies did not significantly improve
the concordance. Parotid cases exhibited the greatest differences.
Conclusions: Despite the introduction of new automatic tools, this study points to the need for uniform contouring criteria. Training
and standardization efforts are essential to enhance radiation therapy treatment consistency and quality.
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Introduction
Computed tomography (CT) contouring for planning
purposes needs anatomic knowledge and a
comprehensive analysis of the clinical details of each case.
This task is carried out by radiation therapy oncologists,
specialized physicians with years of training.

Unfortunately, differences in structure delineation
were found between different observers, although they are
expert oncologists.1,2 International consensus guidelines
for delineation of the clinical target volumes (CTV) and
organs at risk (OAR) in head and neck (H&N) cancers
have also been published3-6 to reduce these variations, but
there is no total consensus. The quantification of these
r
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differences has been a challenge for decades, and only lim-
ited data are available in the literature. The main uncer-
tainty in radiation therapy treatment comes from these
differences in contouring that result in variability in the
dose−volume metrics.7

Recent technological advances have made the generali-
zation of automated contouring aid tools in treatment
planning systems possible. Artificial intelligence algo-
rithms and deep learning methods open up new horizons
in terms of the delimitation of structures. All of these
advances are great improvements, but the final decision
still requires careful contour review by a specialized
oncologist. The unification of criteria and the standardiza-
tion of the process are the only possible solutions in any
technological context of segmentation.

An example of the latter is the practical contouring
courses for oncologists of the Spanish Society of Radiation
Oncology, whose latest edition focused on H&N tumors.

The objective of this work was to analyze the experi-
ence of this course and obtain conclusions about this cur-
rent concern. A study of systematic qualitative differences
in contouring and quantitative results is presented, using
Dice similarity coefficient (DSC) and volume relative
change (ΔV), which will be defined in the material and
methods section. With the purpose of improving our
knowledge of these potential variables analysis, we sug-
gested 2 complementary hypotheses related to 2 features,
a priori considered favorable factors, for reducing vari-
ability.
Complementary hypothesis 1: CTV high-risk
delineation with and without the presence
of gross tumor volume

One of the hypotheses of the study is that the presence
of a gross tumor volume (GTV) in the patient, that is,
nonoperated patient, increases the high-risk CTV
(CTV_HR) degree of agreement between students and
teachers. Our goal with this hypothesis was to verify that
a clear area, which defines the real tumor volume (GTV),
helps in the contouring of the next level (CTV_HR).

To analytically assess this hypothesis, a multiple linear
regression model was applied with the study case as a ran-
dom effect, the DSC as the dependent variable, and the
presence or absence of GTV as a fixed explanatory vari-
able.
Complementary hypothesis 2: supporting
studies

The use of supporting studies such as positron emis-
sion tomography/CT (PET/CT) and MRI makes it easier
to reduce the variability between different observers.8,9

Deantonio et al10 published that thanks to the use of PET/
CT, it was possible to contour a larger GTV, and cur-
rently, PET/CT is a very useful tool in tumor staging,
tumor control, and validation of the effect of radiation
therapy. Instead, magnetic resonance imaging (MRI)
emerged as a new promising image modality allowing for
better tumor and soft tissue visualization, which can help
targets and OAR contouring.

In this course, there are cases with supporting studies,
and we hypothesize that with this assistance, contours
would converge better to the reference (instructor delinea-
tion). A particular case was the parotid: students have
access to a PET/CT acquired before surgery; hence, this
pathology was considered as if it had no image in the
complementary hypothesis 2 analysis.
Materials and Methods
Course description

The Spanish Society of Radiation Oncology organized
a medical online training course (“Practicum”) focusing
on practical learning of contouring in H&N radiation
therapy.

Participants were residents in training or junior physi-
cians, all clinical professionals. Enrolment for the course
was not mandatory in the residence program. Therefore,
students had to pay a registration fee to attend. The exact
data for training years of each one were not available in
this study.

In 2021, 8 instructors, each with 1 different pathology,
gave clinical directives on how to contour. The course was
taught online due to the continuing limitations in place
during the recent pandemic caused by the SARS-CoV-2
(COVID-19).

The trainees received a full description of the cases
online. They imported the planning CT into their treat-
ment planning system (TPS), and once the contouring
was completed, they sent the cases to the course organiz-
ers.
Patient cases

Eight H&N cases were selected for this course: parotid,
larynx, paranasal sinuses, oral cavity, oropharynx, naso-
pharynx, stereotactic body radiation therapy, and cervical
metastases. All the data were anonymized before its use
for the course and posterior investigation purposes. Par-
ticipants consented to the use of their contours for post-
course investigation.

All images were acquired in a supine position with a
dedicated radiation therapy planning CT with a slice not
superior to 3 mm. In some of the cases, supporting diag-
nostic imaging (MRI or PET/CT) was added for more
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detailed information. PET/CT images were available for
parotid, larynx, and oropharynx cases, whereas MRI
images were available for paranasal sinuses and nasophar-
ynx cases.
Students’ delineation

Participants imported the 8 sets of DICOM (Digital
Imaging and Communication in Medicine) objects in
their own TPS, and structures can be delineated at their
home centers. A 1-month installment was set.

It was encouraged to segment clinical targets and some
OAR in each case. Targets were divided into 4 groups:
GTV, CTV_HR, medium-risk CTV (CTV_MR), and low-
risk CTV (CTV_LR).

In Fig. 1, we can see an example of the larynx
CTV_HR contour for all the students who completed this
pathology.

Twenty-three participants took part in the 2021 online
course with the condition to contour 5 of the 8 cases to
achieve the course.

Therefore, students did not have to complete the delin-
eation of all cases, and they developed the entire contour-
ing process prior to any expert solution.

Treatment prescriptions were established in case
description, including the number of fractions, phases
(integrated or not), dose fractionation, and total target
doses. These pre-established conditions seek to focus the
differences only on target contouring and eliminate as far
as possible other possible factors that may affect the treat-
ment decision.
Contouring variability study

For the analysis, students’ contours were exported from
their different TPSs and imported into the same TPS. Com-
parison was done in Eclipse v 16.0 (Varian MS).

Our reference structure was the one contoured by the
instructor since the students were expected to follow his/
her instructions for contouring.
Figure 1 Larynx CTV_HR course contours.
Abbreviation: CTV_HR = high-risk clinical target volume.
Different metrics were studied to analyze interobserver
variability and variances in contouring following the same
clinical indications.

1. Volume relative change (DV): Subtraction of each
participant contouring (Vi) and reference structure
(VR), instructor contouring, divided by VR:

DV Vi;VRð Þ ¼ Vi � VR

VR

2. DSC. This volume overlap metric is calculated by

doubling the volume that overlaps between Vi and
VR and dividing it by the sum of the volumes (Vi,
VR). A DSC value equal to 1 means that Vi and VR

are the same size and shape. A DSC close to 0
means that there is minimal overlap between Vi and
B or a large difference in the size ratio between
them (Fig. 2).

DSC ¼ 2jVi\VRj
jVij þ jVRj
Global delineation compatibility was assessed with
DSC records on a scale (0, 1) (1-DSC accounts for the
degree of dissimilarity). Analyzing graphically their distri-
bution, between organs and/or for the different targets,
allows us to relate, for different pathologies and targets,
the bias in the delineation (DSC average: using as refer-
ence the global mean of agreement) and the accuracy of
the delineation (DSC variance: using as reference global
mean of agreement variance).

To test the hypothesis that raises improvements in
contouring if GTV is available, the degree of DSC
achieved in relation to the presence of GTV was analyzed
using multiple regression with pathology (n = 8) as a ran-
dom effect.
Results
Number of contourings divided by pathology and tar-
get volume were as follows:



Figure 2 DSC concept: (A) good agreement; (B, C) different bad agreement examples with same DSC value.
Abbreviation: DSC = dice similarity coefficient.
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� GTV: 8 parotid gland, 14 larynx, 19 oropharynx, 10
nasopharynx, and 16 stereotactic body radiation therapy.

� CTV_HR: 17 parotid gland, 14 larynx, 16 paranasal
sinuses, 13 oral cavity, 19 oropharynx, 8 nasopharynx,
and 12 cervical mets.

� CTV_MR: 17 parotid gland, 14 larynx, 16 paranasal
sinuses, 13 oral cavity, 19 oropharynx, 8 nasopharynx,
and 13 cervical mets.

� CTV_LR: 17 parotid gland and 14 larynx.
DSC analysis

Table 1 illustrates the statistical summary of data
related to DSC detailed by target type. There were a mini-
mum number of 10 delineations per pathology (nasophar-
ynx) and a maximum of 20 (oropharynx).

Mean DSC and standard deviation (SD) for GTV,
CTV_HR, CTV_MR, and CTV_LR were 0.57 § 0.16,
0.57 § 0.13, 0.66 § 0.09, 0.69 § 0.05, respectively. Global
DSC mean and SD values obtained were 0.61 § 0.12.
Coefficient of variation (CV) mean for all pathologies was
0.21 (0.05; 0.65).

An example of CTV_HR variability contouring divided
by pathologies is shown in the box plot graph (Fig. 3).
CTV_HR is one of the most important targets as it is pre-
scribed to the highest dose (the same as GTV) and is
delineated straight from GTV without taking into consid-
eration anatomic references.

Figure 3 suggests that pathologies without a GTV pres-
ent have a similar pattern with respect to the CTV_HR
(complementary hypothesis 1 false). A quantitative evalu-
ation of this hypothesis found that the presence of GTV,
analyzed in the set of pathologies, does not change the
average of the DSC parameter (beta 0.01 between �0.14
and +0.16).

In Fig. 4A, we can see a detailed analysis taking into
account pathologies for CTV_HR. The horizontal and
vertical solid lines across Fig. 4A represent the global DSC
mean value and global SD mean value. Paranasal sinuses
and larynx targets show points above the global DSC
mean line representing a better agreement between stu-
dents and instructors. Moreover, these points are located
under global SD mean line showing a low dispersion
among all contours. Parotid gland shows the lowest mean
DSC and the highest SD. Larynx shows the opposite situa-
tion, with the highest mean DSC and the lowest SD. Both
the Parotid gland and the Oropharynx SD are worse than
the global SD mean value.

DSC detailed also by target is presented in Fig. 4B.
CTV_MR has a high DSC and little dispersion, regardless
of pathology, whereas CTV_HR has more dispersion
among pathologies. This is consistent with the fact that
CTV_MR is based on anatomic references and not on
pathological tissue. Parotid gland and nasopharynx are
the cases with the highest DSC difference comparing
CTV_HR and CTV_MR. Also, parotid gland and oro-
pharynx targets show the same behavior: CTV_HR was
contoured very differently from each other and very dif-
ferent from the instructor, whereas CTV_MR contours
are more similar to each other. The remaining pathologies
have both targets and similar performance values among
them. Cervical metastases and larynx are the only cases in
which SD for CTV_MR is less than for CTV_HR.

Figure 4C shows GTV or CTV_HR DSC dependence
on having a supporting diagnostic image. It seems that
the support of another set of images has no influence on
the highest target contouring. Results are diverse by
pathology and/or target which hide the help of these sup-
porting images.
Volume analysis

Table 2 illustrates the statistics summary of data
related to volume relative (DV) analysis detailed by



Table 1 Median, mean, standard deviation (SD), minimum (Min), maximum (Max), and coefficient of variation (CV) of
DSC stratified by pathology and target volumes

Pathology Targets N Median Mean SD Min Max CV

Cervicalmet CTV_MR 13 0.59 0.53 0.13 0.28 0.65 0.25

Cervicalmet CTV_HR 13 0.54 0.50 0.11 0.30 0.64 0.21

Larynx CTV_MR 14 0.74 0.72 0.08 0.49 0.80 0.11

Larynx CTV_HR 14 0.79 0.78 0.05 0.67 0.84 0.06

Larynx CTV_LR 14 0.72 0.72 0.04 0.62 0.78 0.05

Larynx GTV 14 0.86 0.84 0.04 0.73 0.89 0.05

Nasopharynx CTV_MR 10 0.67 0.64 0.08 0.54 0.70 0.12

Nasopharynx CTV_HR 10 0.47 0.48 0.07 0.38 0.64 0.15

Nasopharynx GTV 10 0.65 0.61 0.14 0.28 0.79 0.23

Oral CTV_MR 13 0.72 0.72 0.06 0.58 0.80 0.09

Oral CTV_HR 13 0.55 0.56 0.10 0.43 0.70 0.18

Oropharynx CTV_MR 20 0.73 0.70 0.08 0.48 0.79 0.11

Oropharynx CTV_HR 20 0.63 0.60 0.18 0.20 0.80 0.31

Oropharynx GTV 20 0.62 0.58 0.17 0.07 0.75 0.29

Paranasal CTV_MR 16 0.69 0.67 0.11 0.43 0.82 0.17

Paranasal CTV_HR 16 0.70 0.66 0.15 0.39 0.82 0.22

Parotid CTV_MR 16 0.68 0.66 0.10 0.46 0.78 0.15

Parotid CTV_HR 16 0.37 0.41 0.25 0.00 0.77 0.62

Parotid CTV_LR 16 0.66 0.66 0.06 0.52 0.74 0.10

Parotid GTV 16 0.36 0.38 0.25 0.00 0.73 0.65

SBRT GTV 16 0.52 0.46 0.20 0.03 0.66 0.45

Abbreviations: CTV_HR = high-risk clinical target volume; CTV_LR = low-risk clinical target volume; CTV_MR = medium-risk clinical target vol-
ume; GTV = gross tumor volume; N = number of cases.
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targets. Mean DV and SD values for GTV, CTV_HR,
CTV_MR, and CTV_LR were 0.30 § 0.39, 0.26 § 0.75,
0.57 § 0.44, and 0.01 § 0.26, respectively. Global DV
Figure 3 Box plot graph of CTV_HR DSC mean values and
their SD divided by pathologies.
Abbreviations: CTV_HR = high-risk clinical target volume; DSC = dice
similarity coefficient.
mean and SD obtained were 0.21 § 0.52. CV mean for all
pathologies was 1.33 (�30.91; 54.3).

Figure 4D shows ΔV divided by pathology and targets.
Parotid gland has a great ΔV dispersion among stu-
dents and a high mean ΔV in comparison to the rest
of the pathologies. Cervical mets and larynx show
higher ΔV dispersion in CTV_MR than CTV_HR, per-
formance consistent with DSC analysis. Moreover, as
in DSC analysis, larynx contours show the best agree-
ment among pathologies. Oropharynx points show
that CTV_HR has remarkably more dispersion than
CTV_MR. These results are quite related to variations
found in DSC analysis (Fig. 4).

Once again CTV_HR parotid gland has the highest ΔV
compared with the rest of pathologies (Fig. 4E). CTV_HR
ΔV dispersion, excluding parotid targets, is not higher
than CTV_MR ΔV dispersion, which is the main result
contradicted by the findings in Fig. 4E.

Regarding the influence of MRI or PET/CT, Fig. 4F
shows the ΔV variation with and without the use of sup-
porting images.



Figure 4 (A) DSC detailed by pathology and target (CTV_HR and CTV_MR). (B) DSC detailed by target (CTV_HR and
CTV_MR). (C) DSC detailed by supporting images. (D) ΔV divided by pathology and target (zoom detail excluding parotid
gland case). (E) ΔV divided by target (zoom detail excluding parotid gland case). (F) ΔV detailed by supporting images.
Abbreviations: CTV_HR = high-risk clinical target volume; CTV_MR = medium-risk clinical target volume; DSC = dice similarity coefficient.
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Discussion

The current project addresses a systematic study of the
variability of target contouring in H&N cancer. Other
previous comparisons consulted in the bibliography usu-
ally refer to a single pathology or to very controlled situa-
tions.11-16

It is important to emphasize that the analysis does not
look for the small differences between operators in con-
touring details but rather the individual capacities to solve
a real situation with the same information. Other authors
have studied the influence of teaching using a pre-post
comparison17 or the concordance of resident contours
with faculty physician contours.2
In this work, we prefer to focus on a more general case.
All the students had previous specific training on con-
touring, oncological experience, and the general clinical
information of the cases. Therefore, if the situation were
considered a surrogate of a radiation therapy plan of the
same cases carried out by different professionals, then, the
results of the variability of the contours could be close to
a real scenario.

One limitation of the study is that there was a dissimi-
lar previous training of the students enrolled in the
course. This can lead to an inconsistency in the delinea-
tion of the same case. Moreover, clinical cases were previ-
ously presented by the instructors, and students could
choose 5 of 8 to get the course certificate, which would



Table 2 Median, mean, standard deviation (SD), minimum (Min), maximum (Max) and coefficient of variation (CV) of ΔV
stratified by pathology and target volumes

Pathology Targets n Median Mean SD Min Max CV

Cervicalmet CTV_MR 13 �0.30 �0.13 0.31 �0.49 0.36 �2.35

Cervicalmet CTV_HR 13 �0.49 �0.51 0.11 �0.69 �0.39 �0.22

Larynx CTV_MR 14 0.07 0.03 0.25 �0.55 0.32 8.73

Larynx CTV_HR 14 0.09 0.11 0.18 �0.11 0.52 1.61

Larynx CTV_LR 14 �0.02 0.00 0.17 �0.34 0.30 54.30

Larynx GTV 14 �0.11 �0.10 0.13 �0.35 0.19 �1.25

Nasopharynx CTV_MR 10 3.66 4.10 1.14 2.92 6.29 0.28

Nasopharynx CTV_HR 10 �0.22 �0.17 0.23 �0.42 0.08 �1.36

Nasopharynx GTV 10 �0.45 �0.51 0.16 �0.82 �0.27 �0.32

Oral CTV_MR 13 �0.27 �0.15 0.18 �0.33 0.08 �1.16

Oral CTV_HR 13 �0.31 �0.16 0.38 �0.58 0.76 �2.41

Oropharynx CTV_MR 20 �0.22 �0.17 0.19 �0.42 0.17 �1.12

Oropharynx CTV_HR 20 �0.28 �0.11 0.59 �0.68 1.79 �5.36

Oropharynx GTV 20 �0.40 �0.32 0.38 �0.78 0.79 �1.21

Paranasal CTV_MR 16 0.29 0.38 0.64 �0.64 1.84 1.66

Paranasal CTV_HR 16 0.15 0.45 0.85 �0.64 1.99 1.90

Parotid CTV_MR 16 �0.14 �0.08 0.40 �0.56 1.04 �4.85

Parotid CTV_HR 16 1.79 2.24 2.96 �0.52 9.87 1.32

Parotid CTV_LR 16 0.04 0.03 0.36 �0.52 0.76 11.15

Parotid GTV 16 �0.43 �0.03 1.06 �0.84 2.47 �30.91

SBRT GTV 16 �0.55 �0.56 0.24 �0.98 �0.14 �0.4

Abbreviations: CTV_HR = high-risk clinical target volume; CTV_LR = low-risk clinical target volume; CTV_MR = medium-risk clinical target vol-
ume; GTV = gross tumor volume; N = number of cases.
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result in them choosing the easiest cases to contour or the
ones that would have had the clearest explanation of the
limits of each target. This would result in cases with lower
contouring variability from the outset.

Despite the existence of other metrics (Jaccard Index,
Concordance Index, Mean Surface Distance, 95% Haus-
dorff Distance, etc) for analyzing differences in
contouring,1,6,18 DSC is an especially useful metric for
comparison with another study,2 simple and easy to cal-
culate from TPS and widely used in medical imaging. One
of the disadvantages of using this metric is that DSC is
linked to structure volume, and smaller structures could
yield smaller DSC with an equivalent volume difference.19

Global DSC mean value (0.61 § 0.12) gives us an indi-
cation that the contours are not very similar to our refer-
ence (instructor). Our results show a situation far from
Fig. 2A and that will generate a large uncertainty in the
quality of a radiation therapy treatment. Global CV mean
value (0.25) was under one, indicating a low SD and a
slight variability between the set of contours.

DSC mean value is growing with volume risk, being mini-
mum for GTV and maximum for CTV_LR. This is an
expected result because of the anatomic and guide-based char-
acteristics of less risk volumes (CTV_MR and overall CTV_LR)
versus pure pathologic ones (CTV_HR and overall GTV).

In general, the volumes of the neck node levels, espe-
cially CTV_LR, have less variability than the GTVs. This
can be facilitated by the common use among specialists in
radiation therapy oncology of different contouring guides
agreed on by the main organizations.3,5

Due to the reduced variability in CTV_LR (mean DSC
and SD 0.69 § 0.05, mean DV , and SD 0.01 § 0.26) com-
pared with CTV_HR, CTV_MR, and GTV (0.57 § 0.16
and 0.26 § 0.75, 0.66 § 0.09 and 0.57 § 0.44, and 0.57 §
0.16 and 0.3 § 0.39, respectively), a more deep analysis
has been discarded.

In relation to Fig. 4B, cervical mets and larynx are the
only ones to have a greater dispersion when contouring
CTV_MR than CTV_HR. In both cases, a few students
included different neck node levels in the CTV_HR and
CTV_MR. CTV_HR is mainly based on patient anatomic
references, rather than the rest of the cases. Hence, it is
reasonable to expect a similar or better coincidence with
CTV_MR, based on anatomic references as well.
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Variability in structure volumes has obvious implica-
tions for tumor coverage or tissue sparing. According to
the global obtained SD (0.12), a difference in volume
equals to the standard deviation for a CTV_HR volume of
30 cm3 is 3.6 cm3. Such a variation, using a typical 3-mm
margin, implies a difference in the planning target volume
(PTV) subsequent volume of approximately 15% of this
target. This could be critical whether it is a defect or an
excess of dose.

In our study, the “parotid” location was by far the one
that showed the most differences, both between the stu-
dents and the teacher, and among the students them-
selves. This may be due to different reasons: it is a
postoperative treatment, and the radiotherapy volumes
are selected on a tumor bed, which can facilitate larger
volumes. Its anatomic peculiarities differentiate it from
the rest of the H&N tumors, particularly its relationship
with the masticatory space.20

One important and reassuring result of this contouring
variability study is that DSC and ΔV are related. Both
metrics show the same patterns, suggesting that differen-
ces could arise from smaller or higher contouring focus-
ing within the same anatomic region rather than from
delineating different areas (situation described in Fig. 2C).

The complementary hypothesis 1 has turned out to be
false. The presence of a GTV does not contribute to a
lower variability in the segmentation of the CTV_HR.
This interesting result is, however, difficult to explain
with the present data.

An unexpected result is that complementary hypothesis
2 could not be confirmed either: the availability of a sup-
porting PET or MRI is not detected as a factor reducing
DSC or volume variability. However, other authors have
clearly demonstrated that this type of supporting image
does improve the reproducibility and accuracy of contour-
ing.21-28 This leads one to think that its influence in the
cases studied in this work would be less than that of other
factors, such as dependency on the person or the difficulty
inherent to some pathologies compared with others.

Finally, in this study, we have not investigated the var-
iations in OAR contourings. This variability, reported by
van der Veen et al,19 was significantly lower than that
detected in our study of the different targets. In this sense,
more effort needs to be made to accomplish further treat-
ment standardization, for example, with artificial intelli-
gence techniques.29-31
Conclusions
The results obtained demonstrate the situation that can
be found in the contour of patients in the daily routine of
a radiation therapy center.

In general, poor DSC agreement has been found
between student teachers and great variability between
different students.
The differences found show us that there is no unifor-
mity of criteria as would be desirable. This indicates that
despite the support of other imaging modalities and the
use of guides and recommendations to help contouring,
at H&N it is necessary to deepen the training of radiation
contouring. Otherwise, serious dosimetric discrepancies
could occur in the same case depending on the profes-
sional responsible for the treatment.
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