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Abstract 

Background:  Due to the role expansion of radiotherapists in dosimetric aspect, radiotherapists have taken up organs 
at risk (OARs) contouring work in many clinical settings. However, training of newly qualified radiotherapists in OARs 
contouring can be time consuming, it may also cause extra burden to experienced radiotherapists. As web-based 
open-source radiotherapy delineation software (WORDS) has become more readily available, it has provided a free 
and interactive alternative to conventional one-to-one coaching approach during OARs contouring training. The 
present study aims to evaluate the effectiveness of WORDS in training OARs contouring skills of newly qualified radio-
therapists, compared to those trained by conventional one-to-one coaching approach.

Methods:  Nine newly qualified radiotherapists (licensed in 2017 – 2018) were enrolled to the conventional one-to-
one coaching group (control group), while 11 newly qualified radiotherapists (licensed in 2019 – 2021) were assigned 
to WORDS training group (measured group). Ten OARs were selected to be contoured in this 3-phases quantitative 
study. Participants were required to undergo phase 1 OARs contouring in the beginning of the training session. 
Afterwards, conventional one-to-one training or WORDS training session was provided to participants according to 
their assigned group. Then the participants did phase 2 and 3 OARs contouring which were separated 1 week apart. 
Phase 1 – 3 OARs contouring aimed to demonstrate participants’ pre-training OARs contouring ability, post-training 
OARs contouring ability and knowledge retention after one-week interval respectively using either training approach. 
To prevent bias, the computed tomography dataset for OARs contouring in each phase were different. Variations in 
the contouring scores for the selected OARs were evaluated between 3 phases using Kruskal-Wallis tests with Dunn 
tests for pairwise comparisons. Variations in the contouring scores between control and measured group in phase 
1 – 3 contouring were analyzed using Wilcoxon signed-rank test. A p-value < 0.05 was considered to be statistically 
significant.
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Introduction
Accurate delineation of target volumes and organs at 
risk (OARs) are critical for maximising tumour control 
and minimising radiation toxicities [1]. Recent advances 
in computing power, algorithms and big data collection 
are resulting in the application of artificial intelligence 
in radiotherapy [2]. There is no doubt that automatic 
image segmentation, including atlas based (ABAS) and 
deep learning based (DLAS) autosegmentation, will play 
a critical role in the future of clinical radiotherapy plan-
ning, particularly to OARs contouring. However, a pre-
vious study has also reported that the accuracy of ABAS 
is highly dependent on the similarity of the atlas and the 
underlying patient, the inaccurate delineation may result 
in time-consuming manual postprocessing [3]. In DLAS, 
the limitation is that the algorithm is simply learning 
from clinical data, which includes multiple observer 
preferences and possible imperfections [4, 5]. Therefore, 
accurate contouring of OARs is still extensively relied 
on manual based OARs contouring in many clinical 
practices.

Variability in contouring is deemed to be one of the 
greatest sources of error in medical dosimetry [6]. Previ-
ous studies have stated that variations in contouring can 
be occurred in health professionals with different level 
of experience [7–9]. Variations in contouring, as a result 
of knowledge deficit, can compromise the reliability of 
dosimetric comparison of radiotherapy treatment plans 
[10]. Variations in contouring have also been found to 
decrease overall survival and local control [11]. Conse-
quently, poor quality radiotherapy can cause detrimental 
effect to the anticipated treatment efficacy [7]. Due to the 
importance of accurate manual based contouring or post-
processing, the provision of adequate training in OARs 
contouring to newly qualified radiotherapists is crucial. 
However, training of newly qualified radiotherapists in 
OARs contouring can be time consuming, in which it 
may cause extra burden to experienced radiotherapists in 
addition to the heavy clinical workload. It is even practi-
cally impossible in busy clinical settings.

Web-based open-source radiotherapy delineation soft-
ware (WORDS), such as eContour [12], EduCase [13], 
Anatom-e [14], and ProKnow™ Contouring Accuracy 
[15], are interactive online platforms that participants 
can use to study and practice OARs contouring against a 
practice set. As WORDS has become more readily avail-
able, the application of WORDS has provided a free and 
interactive alternative to conventional contouring refer-
ence aids, such as consensus guidelines or textbooks. Pre-
vious randomized trials have also shown that WORDS is 
effective alternative to traditional didactic lectures aim-
ing at teaching contouring skills in medical students and 
residents [16–19]. Due to the role expansion of radio-
therapists in dosimetric aspect [20, 21], the effectiveness 
of WORDS in training newly qualified radiotherapists’ 
OARs contouring skills should also be studied.

The present study aims to evaluate the effectiveness, 
using quantitative data, of WORDS in training OARs 
contouring skills of newly qualified radiotherapists, 
compared to those trained by conventional one-to-one 
coaching approach.

Methodology
Study design
All newly qualified radiotherapists in St. Teresa’s Hospi-
tal from 2017 to 2021 were enrolled in the present study. 
All participants did not have post-employment clinical 
experience in medical dosimetry, including organs at risk 
(OARs) contouring and treatment planning. Nine newly 
qualified radiotherapists (licensed in 2017 – 2018) were 
enrolled to the conventional one-to-one coaching group 
(control group), while 11 newly qualified radiothera-
pists (licensed in 2019 – 2021) were enrolled to web-
based open-source radiotherapy delineation software 
(WORDS) training group (measured group).

The present study used a 3-phases quantitative analysis 
design (the study schema was shown in Fig. 1). Phase 1 
contouring aimed to demonstrate participants’ pre-train-
ing OARs contouring ability. Phase 2 contouring aimed 

Results:  In both control group and measured group, significant improvement (p < 0.05) in phase 2 and 3 contouring 
scores have been observed comparing to phase 1 contouring scores. In comparison of contouring scores between 
control group and measured group, no significant differences (p > 0.05) were observed in all OARs between both 
groups.

Conclusions:  The results in this study have demonstrated that the outcome of OARs contouring training using 
WORDS is comparable to the conventional training approach. In addition, WORDS can offer flexibility to newly 
qualified radiotherapists to practice OARs contouring at will, as well as reduce staff training burden of experienced 
radiotherapists.

Keywords:  Organs at risk, Contouring, Web-based training, One-to-one training, Medical dosimetry, Radiotherapy, 
Manpower
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to demonstrate participants’ post-training OARs con-
touring ability. Phase 3 contouring aimed to demonstrate 
participants’ knowledge retention using either training 
approach. To prevent bias, the computed tomography 
(CT) dataset for OARs contouring in each phase were 
different.

Contour platform and organs at risk (OARs) selection
All contours in control group and measured group were 
made on a WORDS - ProKnow™ Contouring Accuracy 
(ProKnow™ Systems, Sanford, FL, USA), in which it has 
been specifically designed for quality anatomical contour-
ing. Ten OARs were selected: brainstem, cochlea, optic 
nerve, parotid gland, submandibular gland, bladder, rec-
tum, penile bulb, seminal vesicle and prostate. Number of 

segmentations in each OARs CT dataset were included in 
Table 1. Participating newly qualified radiotherapists were 
required to contour all the aforementioned OARs. Par-
ticipants were allowed to use all available contouring func-
tions provided by ProKnow™ Contouring Accuracy during 
OARs contouring.

Scoring
The accuracy of OARs contouring was quantified by con-
tour assessment system StructSure™ accuracy score [22] 
(US Patent 8,081,813) provided by the in-built system of 
ProKnow™ Contouring Accuracy. StructSure™ accuracy 
score has provided a quantitative analysis of contour-
ing accuracy that compares participant’s contouring with 
expert contouring (gold standard provided by the in-built 

Fig. 1  Study schema

Table 1  Number of segmentations in CT data for OARs contouring provided by ProKnow™ Contouring Accuracy

Selected organs at risk Number of segmentations (slice thickness) in CT data provided by ProKnow™ Contouring 
Accuracy

Phase 1 contouring Phase 2 contouring Phase 3 contouring

Brainstem 31 (2 mm) 24 (2.5 mm) 54 (1 mm)

Cochlea 4 (2 mm) 4 (2 mm) 6 (1 mm)

Optic nerve 5 (2 mm) 3 (2 mm) 20 (1 mm)

Parotid gland 32 (2 mm) 28 (2 mm) 27 (2.5 mm)

Submandibular gland 25 (2 mm) 19 (2 mm) 20 (2.5 mm)

Bladder 30 (2 mm) 23 (2.5 mm) 55 (2 mm)

Rectum 34 (2.5 mm) 77 (1.5 mm) 74 (1.5 mm)

Penile bulb 5 (3 mm) 4 (3 mm) 12 (1.5 mm)

Seminal vesicle 9 (3 mm) 9 (3 mm) 10 (1.5 mm)

Prostate 20 (3 mm) 15 (3 mm) 25 (1.5 mm)
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system). The contouring scores (range from 0 to 100) were 
calculated as:

Penalties are referred to errant voxels, which can be 
“missing contour” (participant’s contouring is smaller 
than the expert’s contouring) or “extra contour” (partici-
pant’s contouring is larger than the expert’s contouring) 
(Fig. 2). No penalty will be given if the errant voxel is less 
than or equal to 1 mm. If the errant voxel is larger than 
1 mm, the voxel penalty levied per errant voxel is 0.5 vox-
els per mm. Penalty can be calculated as:

Conventional one‑to‑one coaching group (control group)
The control group aimed to develop participants’ OARs 
contouring skills by conventional one-to-one coaching 
approach. Each newly qualified radiotherapist in con-
ventional training group was assigned to an experienced 
radiotherapist with at least 4 years of clinical experience. 
The newly qualified radiotherapists in control group 
were invited to undergo first attempt of OARs contour-
ing (phase 1) in the beginning of the training session. 
After that, participating newly qualified radiotherapists 
attended 3 days training sessions that was held by the 

100 ×
Number of expert voxels − Sum of penalties over all voxels

Number of expert voxels.

0.5 voxels∕mm ×

(

distance error to expert�s contour (mm) − 1mm forgiveness region
)

assigned experienced radiotherapists. The training ses-
sions included 14 h of tutorial sessions and 7 h of dem-
onstration sessions. The tutorial sessions were held in 
form of PowerPoint based lecture courses using review 
articles, consensus guidelines and textbooks as reference 
materials [23–27]. In demonstration sessions, experi-
enced radiotherapists demonstrated OARs contouring 
using clinically used CT datasets as example. Participants 
were allowed to practice OARs contouring after demon-
stration. Followed by the tutorial sessions, participants 
did OARs contouring on another set of CT images (phase 
2). One week later, the participants did third attempt of 
OARs contouring (phase 3).

To simulate the conventional training approach, con-
touring metrics and contouring scores were not disclosed 
to the participants in conventional training group during 
phase 1 – 3 OARs contouring.

Web‑based open‑source radiotherapy delineation software 
(WORDS) training group (measured group)
The measured group aimed to develop participants’ 
OARs contouring skills using WORDS. The newly qual-
ified radiotherapists in WORDS training group were 
invited to undergo first attempt of OARs contouring 
(phase 1) in the beginning of the training session. Then, 
the participants went through WORDS training ses-
sions, which included 6 h self-study of education docu-
ments, 4 h contouring demonstration video sessions and 
11 h practice sessions. The education documents and 
contouring demonstration videos were freely provided 
to public by ProKnow™ Contouring Accuracy upon 
registration. In practice sessions, participants were 
allowed to practice OARs contouring using CT datasets 
in ProKnow™ Contouring Accuracy. All CT datasets 
used for practice were not included in the phase 1 – 3 
OARs contouring. After WORDS training sessions, the 
participating newly qualified radiotherapists did OARs 
contouring on another set of CT images (phase 2). One 
week later, the participants did third attempt of OARs 
contouring (phase 3).

Throughout phase 1 – 3 OARs contouring, newly 
qualified radiotherapists in WORDS training group were 
allowed to review their contouring metrics, such as miss-
ing, extra and matching volume, but were blind to the 
contouring scores.

Statistical analysis
In measured and control group, variations in the Struct-
Sure™ accuracy score for the selected OARs were evalu-
ated between 3 phases using Kruskal-Wallis tests with 
Dunn tests for pairwise comparisons. The variations 
of StructSure™ accuracy score between measured and 

Fig. 2  Figure illustrating missing contour, extra contour and 
matching contour
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control group in phase 1-3 contouring were analyzed 
using Wilcoxon signed-rank test. A p-value < 0.05 was 
considered to be statistically significant. All statistical 
analyses were performed using SPSS version 26 statistical 
software (IBM, USA).

Results
A total of 600 OARs contouring data had been col-
lected for analysis. Results of the newly qualified radio-
therapists’ contouring in each phase were summarized in 
Table 2 as mean ± standard deviation (SD).

Comparing contouring scores between each phase, 
both measured and control group demonstrated sig-
nificant difference between phase 1 & 2 contouring 
and phase 1 & 3 contouring (p < 0.05) in all OARs. In 
measured group, no significant difference (p > 0.05) was 
observed in all OARs between phase 2 & 3 contour-
ing. No significant differences (p > 0.05) were observed 
in contouring scores between phase 2 & 3 contouring, 
except optic nerve, in conventional one-to-one coaching 
group (Table 2).

In comparison of contouring scores between WORDS 
training group and conventional one-to-one coaching 
group, no significant differences (p > 0.05) were observed 
in all OARs between both groups.

Discussion
In the era of rapid technological advance, there has 
been manifold development in strategies to increase 
the efficacy of radiotherapy, including but not limit to 
calibration [28], simulation [29], OARs contouring [30], 
dosimetry-based planning [31], treatment [32] and qual-
ity assurance [33]. Accurate OARs contouring is deemed 
a critical step in the development of effective radiother-
apy plans since all subsequent radiotherapy planning and 
delivery process are dependent on OARs contouring. 
Therefore, OARs contouring is considered prerequisites 
for achieving the optimal curative effect for patients. The 
emerging role of radiotherapists in dosimetric aspect has 
led to the need of newly qualified radiotherapists to be 
equipped with OARs contouring skills [21]. To the best 
of authors’ knowledge, the present study is the first to 
provide quantitative results to evaluate the effectiveness 
of WORDS in training OARs contouring skills of newly 
qualified radiotherapists compared to those trained by 
conventional one-to-one coaching approach.

Using conventional one-to-one coaching approach for 
OARs contouring training is highly dependent on the 
availability of the experienced radiotherapists. To partici-
pate training, newly qualified radiotherapists also need 
to be able to allocate the requisite time in their sched-
ule. With time-pressures often influencing the capacity 

of an oncology centre to deliver training to newly quali-
fied radiotherapists, conventional one-to-one coaching 
approach may not be a viable option for busy clinical 
settings.

Meanwhile, interobserver variability in OARs contour-
ing could exist in experienced health professionals, even 
though OARs contouring guidelines are available [34]. 
As such, the inconsistent knowledge of OARs contouring 
from experienced radiotherapists might impart to newly 
qualified radiotherapists during conventional one-to-one 
coaching, continuing the contouring variability.

Previous studies have demonstrated that web-based 
education is highly valued by health professions trainees 
[35]. WORDS provides online contouring practice plat-
forms, which allow newly qualified radiotherapists to 
practice OARs contouring and validate their contouring 
by comparing with experts’ contouring. The web-based 
platforms also offer flexibility to users to adapt the format 
and content, making OARs contouring training more 
learner-centric. In the present study, ProKnow™ Con-
touring Accuracy has been used to evaluate the effective-
ness in training OARs contouring skills of newly qualified 
radiotherapists. This web-based open-source platform 
can provide contouring demonstration video and prac-
tice to users, detailed results (e.g. distance-volume his-
togram, matching volume, extra volume and missing 
volume) have also been provided for evaluation after 
contouring practice. Newly qualified radiotherapists can 
revise the contouring demonstration video and OARs 
contouring at will, even experienced radiotherapists can-
not be physically present. To date, this platform has pro-
vided 190 image series of various organs for users to do 
contouring practice.

The results in the present study have demonstrated 
significant improvement (p < 0.05) in contouring scores 
after going through the learning materials provided by 
ProKnow™ Contouring Accuracy (phase 1 vs. phase 2 
contouring). In this group, the contouring scores of all 
OARs have no significant difference (p > 0.05) between 
phase 2 and phase 3 contouring, in which the 2 phases 
have been separated 1 week apart. The results can 
indicate that knowledge retention is achievable using 
WORDS training approach. In comparing contouring 
scores between WORDS training group and conventional 
one-to-one coaching group, no significant differences (p 
> 0.05) have been observed in all OARs indicating that 
WORDS training approach is comparable to the con-
ventional training approach. In contrast to phase 2 and 3 
OARs contouring, the standard deviations are generally 
larger during phase 1 contouring in both groups, indicat-
ing that contouring scores are more spread in this phase. 
The presumable reason could be contouring error before 
training sessions in the present study. It is also worth 
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highlighting that the less spread out of phase 2 and 3 con-
touring scores may indicate that both training approaches 
could similarly reduce inter-observer variability of OARs 
contouring. Extension of this research could examine the 
effectiveness of reducing inter-observer variability using 
both approaches in larger sample size.

Dice similarity coefficient (DSC) [36] is a common 
metric for measuring contouring overlap and has been 
frequently used to compare contour accuracy in pre-
vious studies [37, 38]. However, some studies have 
reported that DSC may be unfavorable to small con-
toured object as a few pixels of misclassification can 
lead to a large decrease of the coefficient, meanwhile, 
DSC is also not sensitive enough to large errors when 
the contoured object is large [39, 40]. In the present 
study, contouring quality of OARs between WORDS 
training group and conventional one-to-one coaching 
group has been compared using StructSure™ accuracy 
score. StructSure™ is a metric score calculated by volu-
metric quantification algorithm. OARs have been dis-
cretized into cubic voxels. Penalty per voxel is applied 
as a function of distance-to-agreement for errant vox-
els, which allow larger contouring errors to be penalized 
more than smaller contouring errors and, hence, pro-
vide superior sensitivity.

The present study has several limitations worth noting. 
First, the study population has represented newly qualified 
radiotherapists in single oncology centre, thus, the results 
might not be generalizable to other clinical settings. While 
OARs contouring training should be carried out for newly 
qualified radiotherapists on a year-by-year basis to meet 
the manpower demand, having a randomized sample is 
unlikely to happen in our oncology centre due to the low 
number of recruits annually. To minimize the selection 
bias, all participants recruited in the present study have 
graduated from bachelor’s degree in radiotherapy in Hong 
Kong and certified by local radiographers’ board. Therefore, 
it can be assumed that all participants have similar knowl-
edge level in OAR contouring upon entry into the present 
study. Additionally, the present study has only included 10 
OARs because of their complexity involved during OARs 
contouring. Although the present study has demonstrated 
that the WORDS training group can achieve compara-
ble contouring quality in the selected OARs, it is unclear 
whether similar outcome would translate to other unse-
lected OARs.

In spite of the aforementioned limitations, valu-
able insights have been gained in the present study. The 
results in the present study have demonstrated that the 
effectiveness of WORDS is comparable to the conven-
tional one-to-one coaching approach in providing OARs 
contouring training to newly qualified radiotherapists. In 
addition to the comparable effectiveness, WORDS can 

provide flexibility to users to practice OARs contouring 
at will, even experienced radiotherapist cannot be physi-
cally present. WORDS is especially useful in busy clini-
cal settings that it can reduce the burden of experienced 
radiotherapists to coach newly qualified radiotherapists 
OARs contouring. Therefore, WORDS has the potential 
to be considered as an alternative to the conventional 
one-to-one coaching approach.

Acknowledgements
The authors would like to thank the editor and two anonymous reviewers for 
their constructive comments. The authors would also like to thank the Oncol-
ogy Centre, St. Teresa’s Hospital (HKSAR) for providing data in the present 
study. Sincere appreciation is also extended to Dr. Gordon Kwok Hung Au for 
his comments to the present study. Special thanks to Mr. Chu King-Shan for 
English editing of this manuscript.

Code availability
Not applicable.

Authors’ contributions
Conception and design of the study – Adams HL Yuen, Alex KL Li. Acquisition 
of data - Hinnique HL Leung, Adams HL Yuen, Philip CY Mak. Analysis and 
interpretation of data - Adams HL Yuen, Philip CY Mak. Drafting and revising 
the article - Adams HL Yuen. Final approval of the manuscript - Alex KL Li, 
Adams HL Yuen.

Funding
Not applicable.

Availability of data and materials
The data that support the findings of this study are available from the Oncol-
ogy Centre, St. Teresa’s Hospital (HKSAR) but restrictions apply to the avail-
ability of these data, which were used under permission for the current study, 
and so are not publicly available. Data are however available from the authors 
upon reasonable request and with permission of the Oncology Centre, St. 
Teresa’s Hospital (HKSAR) at the following e-mail address: sthoc​hk@​gmail.​com.

Declarations

Ethics approval and consent to participate
All procedures in this study were reviewed and approved by the Oncology 
Centre, St. Teresa’s Hospital (HKSAR). The study protocol was carried out in 
accordance with the Declaration of Helsinki. Informed consent was obtained 
from all participants.

Consent for publication
Not applicable.

Competing interests
Not applicable.

Received: 4 April 2021   Accepted: 22 October 2021

References
	1.	 Kosmin M, Ledsam J, Romera-Paredes B, Mendes R, Moinuddin S, de 

Souza D, et al. Rapid advances in auto-segmentation of organs at 
risk and target volumes in head and neck cancer. Radiother Oncol. 
2019;135:130–40.

	2.	 Thompson RF, Valdes G, Fuller CD, Carpenter CM, Morin O, Aneja S, et al. 
Artificial intelligence in radiation oncology: a specialty-wide disruptive 
transformation? Radiother Oncol. 2018;129:421–6.

	3.	 Sykes J. Reflections on the current status of commercial automated seg-
mentation systems in clinical practice. J Med Radiat Sci. 2014;61:131–4.

sthochk@gmail.com


Page 8 of 8Yuen et al. BMC Med Educ          (2021) 21:564 

	4.	 Lustberg T, van Soest J, Gooding M, Peressutti D, Aljabar P, van der Stoep 
J, et al. Clinical evaluation of atlas and deep learning based automatic 
contouring for lung cancer. Radiother Oncol. 2018;126:312–7.

	5.	 Jarrett D, Stride E, Vallis K, Gooding MJ. Applications and limitations of 
machine learning in radiation oncology. Brit J Radiol. 2019. https://​doi.​
org/​10.​1259/​bjr.​20190​001.

	6.	 Cloak K, Jameson MG, Paneghel A, Wiltshire K, Kneebone A, Pearse M. 
Contour variation is a primary source of error when delivering post pros-
tatectomy radiotherapy: Results of the Trans-Tasman Radiation Oncology 
Group 08.03 Radiotherapy Adjuvant Versus Early Salvage (RAVES) bench-
marking exercise. J Med Imaging Radiat Oncol. 2019;63:390–8.

	7.	 Chang ATY, Tan LT, Duke S, Ng WT. Challenges for quality assurance of 
target volume delineation in clinical trials. Front Oncol. 2017;7:221.

	8.	 Baxi S, Park E, Chong V, Chung HT. Temporal changes in IMRT contour-
ing of organs at risk for nasopharyngeal carcinoma—The learning curve 
blues and a tool that could help. Technol Cancer Res Treat. 2009;8:131–40.

	9.	 O’Daniel JC, Rosenthal DI, Garden AS, Barker JL, Ahamad A, Ang KK. The 
effect of dental artifacts, contrast media, and experience on interob-
server contouring variations in head and neck anatomy. Am J Clin Oncol. 
2007;30:191–8.

	10.	 Vinod SK, Jameson MG, Min M, Holloway LC. Uncertainties in volume 
delineation in radiation oncology: a systematic review and recommenda-
tions for future studies. Radiother Oncol. 2016;121:169–79.

	11.	 Weber DC, Tomsej M, Melidis C, Hurkmans CW. QA makes a clinical trial 
stronger: evidence-based medicine in radiation therapy. Radiother Oncol. 
2012;105:4–8.

	12.	 eContour. eContour. http://​econt​our.​org/. Accessed 31 Dec 2020
	13.	 EduCase. EduCase. https://​www.​educa​se.​com/. Accessed 31 Dec 2020
	14.	 Anatom-e. Anatom-e. http://​anatom-​e.​com/. Accessed 31 Dec 2020
	15.	 ProKnow Systems. ProKnow | Radiation Oncology Plan Studies, Contour-

ing & Analytics. https://​prokn​owsys​tems.​com/. Accessed 31 Dec 2020
	16.	 Sura K, Lischalk JW, Leckie J, Welsh JS, Mundt AJ, Fernandez E. Webinar-

based contouring education for residents. J Am Coll Radiol 2017; doi: 
https://​doi.​org/​10.​1016/j.​jacr.​2017.​03.​013.

	17.	 Gillespie EF, Panjwani N, Golden DW, Gunther J, Chapman TR, Brower JV, 
et al. Multi- institutional randomized trial testing the utility of an interac-
tive three-dimensional contouring atlas among radiation oncology 
residents. Int J Radiat Oncol Biol Phys. 2017;98:547–54.

	18.	 Neppala P, Larson G, Panjwani N, Bryant AK, Sherer M, Murphy JD, et al. 
Impact of an interactive contouring module on knowledge and interest 
in radiation oncology among pre-clinical medical students: a randomized 
trial. Int J Radiat Oncol Biol Phys. 2017. https://​doi.​org/​10.​1016/j.​ijrobp.​
2017.​06.​891.

	19.	 De Bari B, Dahele M, Palmu M, Kaylor S, Schiappacasse L, Guckenberger 
M, et al. Short interactive workshops reduce variability in contouring 
treatment volumes for spine stereotactic body radiation therapy: Experi-
ence with the ESTRO FALCON programme and EduCaseTM training tool. 
Radiother Oncol. 2017. https://​doi.​org/​10.​1016/j.​radonc.​2017.​10.​038.

	20.	 Schick K, Sisson T, Frantzis J, Khoo E, Middleton M. An assessment of OAR 
delineation by the radiotherapist. Radiography. 2011;17:183–7.

	21.	 Arculeo S, Miglietta E, Nava F, Morra A, Leonardi MC, Comi S, et al. The 
emerging role of radiotherapists in the contouring of organs at risk in 
radiotherapy: analysis of inter-observer variability with radiation oncolo-
gists for the chest and upper abdomen. Ecancermedicalscience. 2020. 
https://​doi.​org/​10.​3332/​ecanc​er.​2020.​996.

	22.	 Nelms BE, Tomé WA, Robinson G, Wheeler J. Variations in the contouring 
of organs at risk: test case from a patient with oropharyngeal cancer. Int J 
Radiat Oncol Biol Phys. 2012;82:368–78.

	23.	 Grégoire V, Ang K, Budach W, Grau C, Hamoir M, Langendijk JA, et al. 
Delineation of the neck node levels for head and neck tumors: A 2013 

update. DAHANCA, EORTC, HKNPCSG, NCIC CTG, NCRI, RTOG, TROG 
consensus guidelines. Radiother Oncol. 2014;110:172–81.

	24.	 Lee NY, Lu JJ. Target Volume Delineation and Field Setup: A Practical 
Guide for Conformal and Intensity-Modulated Radiation Therapy. Heidel-
berg: Springer; 2013.

	25.	 Grimshaw JM, Schünemann HJ, Burgers J, Cruz AA, Heffner J, Metersky M, 
et al. Disseminating and implementing guidelines: Article 13 in integrat-
ing and coordinating efforts in COPD guideline development. An official 
ATS/ERS work- shop report. Proc Am Thorac Soc. 2012;9:298–303.

	26.	 Sun Y, Yu XL, Luo W, Lee AW, Wee JTS, Lee N, et al. Recommendation for 
a contouring method and atlas of organs at risk in nasopharyngeal car-
cinoma patients receiving intensity-modulated radiotherapy. Radiother 
Oncol. 2014;110:390–7.

	27.	 Gay HA, Barthold HJ, O’Meara E, Bosch WR, El Naqa I, Al-Lozi R, et al. Pelvic 
normal tissue contouring guidelines for radiation therapy: a Radiation 
Therapy Oncology Group consensus panel atlas. Int J Radiat Oncol Biol 
Phys. 2012;83:e353–62.

	28.	 Aydin S, Kam E. Developing of an automation for therapy dosimetry 
systems by using labview software. Results Phys. 2018;9:1007–15.

	29.	 Young HM, Park CK, Chau O-W, Lee T-Y, Gaede S. Technical Note: Volumet-
ric computed tomography for radiotherapy simulation and treatment 
planning. J Appl Clin Med Phys. 2021;00:1–8.

	30.	 Chen X, Men K, Chen B, Tang Y, Zhang T, Wang S. CNN-based quality 
assurance for automatic segmentation of breast cancer in radiotherapy. 
Front Oncol. 2020;10:524.

	31.	 Huizing DMV, Verheij M, Stokkel MPM. Dosimetry methods and clinical 
applications in peptide receptor radionuclide therapy for neuroendo-
crine tumours: a literature review. EJNMMI Res. 2018;8:1–11.

	32.	 Kokurewicz K, Schüller A, Brunetti E, Subiel A, Kranzer R, Hackel T. Dosim-
etry for new radiation therapy approaches using high energy electron 
accelerators. Front Phys. 2020;8:493.

	33.	 Paliwal B, Tewatia D. Advances in radiation therapy dosimetry. J Med Phys. 
2009;34:108.

	34.	 van der Veen J, Gulyban A, Willems S, Maes F, Nuyts S. Interobserver vari-
ability in organ at risk delineation in head and neck cancer. Radiat Oncol. 
2021;16:1–11.

	35.	 Wong G, Greenhalgh T, Pawson R. Internet-based medical education: a 
realist review of what works, for whom and in what circumstances. BMC 
Med Educ. 2010. https://​doi.​org/​10.​1186/​1472-​6920-​10-​12.

	36.	 Dice LJ. Measures of the amount of ecologic association between spe-
cies. Ecology. 1945;26:297–302.

	37.	 Duane F, Aznar MC, Bartlett F, Cutter DJ, Darby SC, Jagsi R, et al. A cardiac 
contouring atlas for radiotherapy. Radiother Oncol. 2017;122:416–22.

	38.	 Franco P, Arcadipane F, Trino E, Gallio E, Martini S, Iorio GC, et al. Variability 
of clinical target volume delineation for rectal cancer patients planned 
for neoadjuvant radiotherapy with the aid of the platform Anatom-e. Clin 
Transl Rad Oncol. 2018;11:33–9.

	39.	 Wong KC, Moradi M, Tang H, Syeda-Mahmood T. 3D segmentation with 
exponential logarithmic loss for highly unbalanced object sizes. In: 
International Conference on Medical Image Computing and Computer-
Assisted Intervention. Cham: Springer; 2018. p. 612–9.

	40.	 White BR, Padawer-Curry JA, Cohen AS, Licht DJ, Yodh AG. Brain segmen-
tation, spatial censoring, and averaging techniques for optical functional 
connectivity imaging in mice. Biomed Opt Express. 2019. https://​doi.​org/​
10.​1364/​BOE.​10.​005952.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1259/bjr.20190001
https://doi.org/10.1259/bjr.20190001
http://econtour.org/
https://www.educase.com/
http://anatom-e.com/
https://proknowsystems.com/
https://doi.org/10.1016/j.jacr.2017.03.013
https://doi.org/10.1016/j.ijrobp.2017.06.891
https://doi.org/10.1016/j.ijrobp.2017.06.891
https://doi.org/10.1016/j.radonc.2017.10.038
https://doi.org/10.3332/ecancer.2020.996
https://doi.org/10.1186/1472-6920-10-12
https://doi.org/10.1364/BOE.10.005952
https://doi.org/10.1364/BOE.10.005952

	Implementation of web-based open-source radiotherapy delineation software (WORDS) in organs at risk contouring training for newly qualified radiotherapists: quantitative comparison with conventional one-to-one coaching approach
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methodology
	Study design
	Contour platform and organs at risk (OARs) selection
	Scoring
	Conventional one-to-one coaching group (control group)
	Web-based open-source radiotherapy delineation software (WORDS) training group (measured group)
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


