
The University of Manchester Research

The impact of training and professional collaboration on
the interobserver variation of lung cancer delineations
DOI:
10.1080/0284186X.2018.1529422

Document Version
Accepted author manuscript

Link to publication record in Manchester Research Explorer

Citation for published version (APA):
Mercieca, S., Belderbos, J. S. A., van Baardwijk, A., Delorme, S., & van Herk, M. (2018). The impact of training
and professional collaboration on the interobserver variation of lung cancer delineations: a multi-institutional study.
Acta Oncologica , 1-9. https://doi.org/10.1080/0284186X.2018.1529422

Published in:
Acta Oncologica

Citing this paper
Please note that where the full-text provided on Manchester Research Explorer is the Author Accepted Manuscript
or Proof version this may differ from the final Published version. If citing, it is advised that you check and use the
publisher's definitive version.

General rights
Copyright and moral rights for the publications made accessible in the Research Explorer are retained by the
authors and/or other copyright owners and it is a condition of accessing publications that users recognise and
abide by the legal requirements associated with these rights.

Takedown policy
If you believe that this document breaches copyright please refer to the University of Manchester’s Takedown
Procedures [http://man.ac.uk/04Y6Bo] or contact uml.scholarlycommunications@manchester.ac.uk providing
relevant details, so we can investigate your claim.

Download date:26. May. 2023

https://doi.org/10.1080/0284186X.2018.1529422
https://research.manchester.ac.uk/en/publications/ab814fae-18f0-4508-906c-f926b57b4de5
https://doi.org/10.1080/0284186X.2018.1529422


Page 1 of 30 

 

The impact of training and professional collaboration on the interobserver 

variation of lung cancer delineations; A multi institutional study 

 
 
 
Susan Mercieca MSca,b,  José S.A. Belderbos MD PhDc,  Angela van Baardwijk MD 
PhDd,  Stefan Delorme MD PhDe,  Marcel van Herk PhDf,   
 
a Faculty of Health Science, University of Malta. Msida Malta MSD 2080. e-mail 

address: susan.mercieca@um.edu.mt (the corresponding author) 
b Academisch Medisch Centrum Geneeskunde Amsterdam, Noord-Holland, 
Netherlands. 
c Department of Radiation Oncology, The Netherlands Cancer Institute, Amsterdam, 
Netherlands  
d Department of Radiation Oncology (MAASTRO), GROW School for Oncology and 

Developmental Biology, Maastricht University Medical Centre, Dr. Tanslaan 12 6229 

ET, Maastricht, The Netherlands 
e Department of Radiology, German Cancer Research Center (Dkfz), Im Neuenheimer 

Feld 280, 69120 Heidelberg, Germany 
f University of Manchester, Manchester Academic Health Centre, The Christie NHS 

Foundation Trust Wilmslow Road, Manchester, M20 4BX 

 
 
 
Running Title: Observer variation lung delineation 
 
 
Key Words: Interobserver variation, Lung cancer radiotherapy, Delineations, 
Training, Professional Collaboration 
 
 
Disclosure Statement: The authors report no conflict of interest. 
 
 
Funding: No funding was received to conduct this study. 
 
 
Word Count: 3801 words  
 
 
 



Page 2 of 30 

 

Abstract: 

Background: 

To assess the impact of training and interprofessional collaboration on the 

interobserver variation in the delineation of the lung gross tumour volume (GTVp) and 

lymph node (GTVln). 

Material and Methods: 

Eight target volume delineations courses were organised between 2008 and 2013. 

Specialists and trainees in radiation oncology were asked to delineate the GTVp and 

GTVln on 4 representative CT images of a patient diagnosed with lung cancer 

individually prior each course (baseline), together as group (interprofessional 

collaboration) and post-training.  The mean delineated volume and local standard 

deviation (local SD) between the contours for each course group were calculated and 

compared with the expert delineations. 

Results: 

A total 410 delineations were evaluated. The average local SD was lowest for the 

interprofessional collaboration (GTVp=0.194cm, GTVln=0.371cm) followed by the 

post-training (GTVp=0.244cm, GTVln=0.607cm) and baseline delineations 

(GTVp=0.274cm, GTVln: 0.718cm). The mean delineated volume was smallest for the 

interprofessional (GTVp=4.93cc, GTVln=4.34cc) followed by the post-training 

(GTVp=5.68cc, GTVln=5.47cc) and baseline delineations (GTVp=6.65cc, 

GTVln=6.93cc). All delineations were larger than the expert for both GTVp and GTVln 

(p<0.001).  

Conclusion: 

Our findings indicate that image interpretational differences can lead to large 

interobserver variation particularly when delineating the GTVln. Interprofessional 

collaboration was found to have the greatest impact on reducing interobserver 

variation in the delineation of the GTVln. This highlights the need to develop a clinical 

workflow so as to ensure that difficult cases are reviewed routinely by a second 
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radiation oncologist or radiologist so as to minimise the risk of geographical tumour 

miss and unnecessary irradiation to normal tissue. 
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Introduction 

Interobserver variation in the delineation of the gross tumour volume (GTV) remains 

one of the major sources of uncertainty in radiotherapy treatment planning for lung 

cancer[1]. Various factors have been found to contribute for this variation including 

technical limitations of imaging, tumour position within the lung, as well as lack of 

delineation protocols, training, and experience [1–5].   

Although computed tomography (CT) provides good visualisation of the patient’s 

internal anatomy, the exact borders between the primary tumour (GTVp), and 

surrounding soft tissue can sometimes be difficult to distinguish leading to a large 

interobserver variation. Discriminating between positive and negative lymph nodes 

can also be very difficult and eventually this may lead to a different interpretation of 

the tumour stage and ultimately a different clinical judgement to what should be 

included in the GTVln [6] .  

In order to improve the accuracy of the GTV delineation, 18F-fluorodeoxyglucose 

positron emission computed tomography (FDG PET-CT) is nowadays routinely used for 

radiotherapy treatment planning [7]. The use FDG PET-CT has been found to improve 

the staging accuracy when compared with CT alone by facilitating the identification of 

positive lymph nodes[6,8]. Furthermore, numerous auto and semi-autosegmentation 

tools have been developed to quantify tumour activity and therefore facilitate the 

delineation of lung cancer reducing the interobserver variation in the definition of the 

GTV[7]. However, to date, there is still no consensus on which auto-segmentation tool 

to use for the delineation of lung tumours[9–11] 

With the introduction of high precision intensity-modulated radiotherapy (IMRT) 

there is an increasing need for reducing the interobserver variation for target volume 

definition[12]. Furthermore, with the increased use of multimodality imaging, 

radiation oncologists may benefit from consulting with radiologists and/or nuclear 

medicine physician to delineate the tumour [13–15]. This highlights the need to 

develop international training programmes and protocols to facilitate collaboration 

between different professional groups working across different centres.  
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To tackle this issue, in 1999, the European society for therapeutic radiology and 

oncology (ESTRO) started courses on target volume delineations[16,17]. Here we 

report on 410 delineations for a single lung cancer case that was consistently used 

within one software system for courses delivered between 2008 and 2013. During this 

time period, a total of 8 courses were delivered in 8 cities worldwide. The courses 

were targeted to all radiation oncology specialists and trainees worldwide involved in 

radiotherapy treatment planning including radiation oncologists, radiologists, 

radiotherapy technologists, and physicists.  

The aim of this study was to assess the effectiveness of training and interprofessional 

collaboration in reducing the interobserver variation in the delineation of lung 

tumours. The objectives of the study were to; 

 Develop a training course for target volume delineation in lung cancer through the 

use of an electronic platform. 

 Determine the interobserver variation in the delineation of the GTV of the primary 

tumour (GTVp) and lymph nodes (GTVln) for a lung cancer patient for a large 

number of observers. 

 Assess the impact of interprofessional collaboration and training on the 

interobserver variability in lung cancer delineations.  

 Identify any areas for improving future training programmes in target volume 

delineations.  
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Material and Methods 

 

A radiation oncologist and a radiologist, experienced in radiotherapy treatment 

planning, were appointed by ESTRO teachers, referred to as experts here, to develop 

the training programme.  

 

Development of the training programme 

 

The experts selected a clinical case of a patient diagnosed with a cT2aN2M0 non-small 

cell lung cancer (NSCLC) (Supplementary Data 1). The contrast-enhanced CT images 

obtained for treatment planning were reconstructed using 3mm image thickness. A 

diagnostic FDG PET-CT and CT were also acquired. In-house software called 

WorldMatch[18] was used to perform a bony rigid image registration of these images 

to the planning CT. This data was anonymised and loaded on big-brother[2], a custom-

developed contouring software developed at the Netherlands Cancer Institute 

(Supplementary Data 2). In this tool, the FDG PET-CT was displayed in grey scale next 

to the planning CT with a linked cursor. Level and window settings were selected to 

depict the highest uptake in the tumour without any saturation within the tumour 

region.  

 

The two experts independently and manually delineated the GTVp and GTVln on the 

CT images of this patient and their delineations were compared. Due to the limited 

time available for contouring during these courses, the experts selected 4 axial CT 

images from the data set (38, 44, 48 and 50) from the complete CT examination to be 

used during the on-site training programme. For the purpose of the study the 

delineation of the radiation oncologist was used as a reference contour, relative to 

which the local standard deviation of observer contours was calculated. These images 

were chosen because they were deemed to be particularly challenging to delineate, 

being located in the cranial or caudal part of the GTV or at the level of metastatic 
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lymph nodes[19] (Supplementary Data 3). The data collection was then performed in 

3 phases. 

Phase 1: Baseline data collection: 

All participants who enrolled on the ESTRO contouring course were contacted via 

email and provided with a web link and instructions to download the contouring 

software, delineation protocol, imaging data, radiological and clinical details of the 

case presented. For the courses held between 2008 and 2009, the participants were 

instructed to delineate the GTVp, GTVln and clinical target volume (CTV). During these 

courses, it was noted that these instructions were not clear enough. Many participants 

contoured the CTV without having delineated the GTVln first while others labelled the 

GTVln as CTV. To overcome this misunderstanding, instructions were rewritten more 

clearly for the subsequent courses. The participants were explicitly instructed to 

delineate the GTVp and GTVln separately on all CT slices and were asked to use the 

pre-set window lung (i.e. Window Level: -550HU and Window Width: 750HU) for the 

GTVp and the mediastinum window (i.e Window Level: 70HU and Window Width: 

300HU) to delineate the GTVln (Supplementary data 1) but they could not change the 

window settings for the FDG PET-CT. The participants were asked to submit their 

delineations before the start of the course to the course organisers via email. 

 

Phase 2: Interprofessional collaboration 

The participants were divided into 7 to 10 groups, depending on the total number of 

participants and the number of rooms available at the course venues. The mean 

number of participants per group was 10 and ranged from 7 to 30. The group consisted 

of 70% radiation oncologists (and trainees), 20% radiologists and 10% radiographers 

and physicist.  Each group appointed 2 participants; one to operate the computer and 

one to moderate the discussion. All members reviewed the delineations in progress 

on a big screen and proposed amendments to the contour until a consensus was 

reached. The final consensus delineation is now described in the manuscript as 

interprofessional. The participants were allowed 3.5 hours to discuss 4 cases (this lung 

case, a head-and-neck case, prostate case and a brain case). Here only the lung case 
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is reported. Due to time constraints, during this session the participants were asked 

to delineate only the 4 CT images, selected by the experts. 

 

Phase 3: Post-training 

 

Following the workshops, the participants were provided with training by the two 

experts. The training was a part of the course programme and consisted of 2.5 hours 

of lectures describing the anatomy and techniques used to define the GTV. At the end 

of the workshop, the contours delineated by the experts were presented and 

discussed in detail in comparison with the delineations performed at home (BL) and 

in the groups. Two weeks after completion of the course the participants were asked 

to individually delineate the GTVp and GTVln as homework and submit their 

delineations again. 

 

Data Analysis 

All the delineated contours were uploaded on the CT scan. The percentage number of 

participants delineating the GTVp and GTVln on the 4 CT images was calculated.  

In-house software[2] was used to measure the delineated volume (cc) on each CT 

image for all the delineations. The mean delineated volume for the baseline, 

interprofessional collaboration and post-training delineations were calculated first for 

each individual course and then for all the courses overall. 

 

To measure the interobserver variation for each group (local SD) was calculated at 

various points using the software described by Steenbakkers et al[2]. For this analysis 

the software measures the distance for all participants at various points from either 

the median contour generated from all observers or a pre-defined contour defined by 

the user.  For our study the radiation oncologist contour was used to calculate the 

local SD. The analysis is insensitive to the choice of reference contour as only the SD 
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of observer variation is reported, not the mean. The root mean square over all 

measurements was then used to calculate the average local SD for each course group.  

 

A histogram showing the distribution of SD over the percentage tumour surface area 

(SD/area) was plotted for both GTVp and GTVln for the baseline, interprofessional 

collaboration and post-training groups and compared. A larger percentage tumour 

surface area with a larger SD indicates a larger interobserver variation. Lung tumour 

regions with a large SD were localised on the CT images so as to identify any factors 

that could lead to increased interobserver variation (Fig.1).  

Various metrics have been developed to assess interobserver variation in target 

volume delineation such as the conformity index which measures the degree of 

volume overlap between different contours. However, the method is a relative 

measure and does not give any information on how contours may vary quantitatively 

in size, shape or location in absolute terms and therefore it was not used in our study 

[20]. 

 

Statistical Analysis.  

All the data was analysed using the statistical software SPSS version 20 and a p-value 

of 0.05 was deemed to be statistically significant. Based on the normality of samples 

using the Shapiro-Wilk test, the One Sample Wilcoxon signed-rank test was used to 

compare the overall volumes delineated by the baseline, interprofessional 

collaboration and post-training with the average expert delineated volume while the 

independent sample Kruskal Wallis test was used to compare the delineated volume 

and SD/area distribution between the baseline, interprofessional and post-training 

delineations for all courses. 

Results 

Evaluation of expert delineations 

The overall maximum distance between the two expert contours was very small 

0.094cm and 0.080cm for the GTVp and GTVln respectively (Fig.1).  The total volume 
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delineated by the radiologist on the 4 CT images was smaller when compared with the 

oncologist’s delineation for the GTVp (3.33cc versus 3.76cc) and slightly larger for the 

GTVln (0.77cc versus 0.79cc).  

The experts agreed that were was no GTVp visible on CT image 50 and no GTVln visible 

on CT image 38. On CT image 44 only the radiation oncologist identified the GTVln 

(Fig.1).    

Number of delineations analysed  

A total of 410 delineations were collected. The data for the baseline and post-training 

delineation was not available for courses held between 2011 and 2013 since these 

delineations were performed on incompatible software and therefore not available 

for analysis. Not all participants completed the delineations following the course and 

from those participants who submitted the images, not all of them delineated the 

GTVp and GTVln on all 4 CT images (Table 1).  

 

Volume Analysis 

The combined mean delineated GTVp volume on the 4 CT images was 6.65cc, 4.93cc 

and 5.68cc while for the GTVln this was 6.93cc, 4.34cc and 5.47cc for the baseline, 

interprofessional collaboration and post-training delineations respectively (Table 2). 

For all courses the mean delineated GTVp volume was larger for the baseline 

delineations followed by the post-training and interprofessional delineations (Fig.2). 

For the GTVln the mean delineated volume was also larger for the baseline 

delineations followed by the interprofessional and post-training delineation for all 

courses except for the course held in Tours 2009. This result was consistent for all 

courses for both GTVp and GTVln except for the GTVp course held in Tours 2009 as 

shown in Fig.2. These volumes were significantly larger (p>0.001) than the expert 

delineations but the difference between the baseline, interprofessional and post-

training delineations was not significant for both GTVp (p=0.858) and GTVln (p=0.393). 

The volumes delineated for the initial 4 course courses were larger than the delineated 
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volumes for the later courses for the GTVln, while it remained constant for the GTVp 

(Fig.2). 

Interobserver variation 

The average local SD was lowest for the interprofessional collaboration followed by 

the post-training and baseline delineations (Table 2). This result was consistent for all 

courses for both GTVp and GTVln except for the GTVp course held in Tours 2009 as 

shown in Fig.2.  

The SD/area distribution for the baseline delineations was more skewed towards the 

higher SD indicating a higher interobserver variation when compared with the 

interprofessional collaboration and post-training delineations for both GTVp and 

GTVln (Fig.3). There was no significant difference between the baseline, 

interprofessional collaboration and post-training SD/area histogram for both GTVp 

(p=0.129) and GTVln (p=0.462). 

Visual Analysis 

Lung tumour regions with atelectasis were more prone to interobserver variation as 

some participants included this region in the delineation. However following the 

workshop and training the observer consistently excluded this region (Fig.1). With 

regards to the GTVln some participants relied only on the FDG PET-CT and included 

only the lymph node with a high FDG uptake, some participants included the lymph 

node station only, while others included all the mediastinal lymph nodes eventually 

leading to a very large interobserver variation. However, for the interprofessional 

collaboration and post-training all participants excluded the mediastinal lymph nodes 

(Fig.1). For the last 4 courses an increased reliance on the FDG PET-CT was noted as 

the participants delineated only the lymph node with a high FDG uptake leading to a 

smaller delineated volume and less interobserver variation (Fig.4). 
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Discussion 

The aim of this study was to evaluate the impact of interprofessional collaboration 

and training on the interobserver variation in the definition of the GTVp and GTVln for 

a lung tumour. A total of 410 delineations were analysed from participants worldwide. 

Studies evaluating interobserver variability with such a large number of participants 

are limited. The key factor that made this large scale study possible was the 

development of contouring software that allowed the participants to perform the 

delineations anywhere at their convenience. Although, it is important to acknowledge 

that this data is based on only 4 CT images of one patient, the large amount of 

participants in this study provides a better insight on how an online platform can be 

used to develop strategies to quantify and reduce interobserver variation in the 

delineation of lung tumours. Furthermore, it also shows how this platform can be used 

to facilitate interprofessional collaboration across different institutions worldwide. 

This study reports on the application of the first tool developed for this purpose that 

was used for teaching as early as 2003 and is still used and developed to date albeit in 

different courses.  

This study identified an overall interobserver variation of 0.274cm for the baseline 

group for the GTVp comparable to an overall SD of 0.33cm reported by Steenbakkers 

et al, [19] for tumours surrounded by lung tissue. Although the difference was not 

statistically significant the baseline group had a larger tumour surface area with a SD 

larger than 1cm.  GTVp regions corresponding to large SD were located in lung tumour 

regions surrounded by atelectasis and chest wall (Fig.1) 

Consistent with other studies a large interobserver variation was reported when 

delineating the GTVln particularly for the baseline delineations. Steenbakkers et al, [8] 

reported a much larger SD for the GTVln (0.82cm). In our study, the mean local SD for 

the GTVln in the baseline group was 0.72cm. Furthermore, 51% of participants failed 

to identify the GTVln on CT image 48 and 50. The difficulty outlining GTVln is obvious 

on image 44 (Fig.1) whereby even the experts disagreed on whether or not the lymph 

node in this region is involved even with FDG PET-CT images as supplementary 

information. Another contributing factor could have been that the written guidelines 



Page 13 of 30 

 

provided for the courses before 2009 were not sufficiently precise to instruct the 

participants to first delineate GTVp and GTVln, and only then the CTV as indicated by 

the International commission of radiation units and measurements guidelines [13]. 

The percentage number of participants delineating the GTVln increased after 2009 

coinciding with a change in instructions.    

As shown in the study by Fitton et al, [19] the most cranial and caudal aspect of the 

tumour tends to be harder to delineate leading to a larger observer variation. 

Therefore, the CT slices selected for the delineations were located in the most 

craniocaudal aspect of the GTVp and GTVln.  An interesting finding that emerged from 

this study was that 13% of participants in the baseline group identified the presence 

of the GTVp on CT image 50 and 1% of participants identified the presence of the 

GTVln on CT image 38 probably influenced by the instructions provided.  

The most important finding of this study was that interprofessional collaboration had 

the largest impact in reducing the interobserver variation in target volume delineation 

particularly for the GTVln. The volume delineated for the GTVp was also reduced and 

this could indicate that the participants were more certain of their delineations after 

consultation with peers. Furthermore, the number of participants identifying the 

positive lymph nodes increased from 49% in baseline group to 77% in the 

Interprofessional collaboration group while the number of false delineations on CT 

image 50 and 38 decreased as shown in Table 1. These findings highlight the need to 

develop joint training courses to facilitate collaboration between radiation 

oncologists, radiologist and/or nuclear medicine physician to improve target volume 

delineation for lung cancer. Additional training may also be required following the 

provision of the courses as the lessons learnt during training may not necessarily 

translate into an immediate change in routine clinical practice. In view of this Konert 

et al[4], suggests that multiple training courses maybe required to achieve the 

delineation standards. In order to assess the quality of the delineation following 

training, a multicentre quality assurance review program focused on delineations 

needs to be established.  The need to peer review target volume delineations has also 

been recognised by The Royal College of Radiologists (RCR) [21] through the 
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publication of peer review guidelines that aim at standardising these practices across 

the United Kingdom. 

This study has some limitations that have to be acknowledged. Following the courses 

only 20% of the participants submitted the delineations, similar to other reported 

training studies[17]. We are aware that this may have biased our results. As an 

example, participants who still felt unsure after completing the course may have been 

less prone to submit their post-training delineations than those who were more 

confident. On the other hand, the most experienced participants may have opted to 

not perform the delineations again. However, if the latter was the case the 

interobserver variation would have been larger than the baseline delineation if 

training did not have any impact on the participants. It is also important to note that 

a low response rate following training is a common problem in online delineation 

courses as noted by Caravatta et al[22]. This implies that incentives need to be 

provided to the participants to complete the delineations post training for example by 

providing certification following the completion of the course. 

The reduction in interobserver variation compared with the baseline in the post-

training group could have occurred as result of remembering the discussions for that 

specific case and may not reflect the ability of the participants to apply improved skills 

in contouring lung tumours more generally. Despite of this possibility, the 

performance of the interprofessional collaboration delineations was better than the 

post-training indicating that not all participants in the post-training group 

remembered the discussions held during the workshop for the case. On the other 

hand it is also important to acknowledge that improvements in the performance in 

the contouring process for the interprofessional setting could have been due to the 

presence of more experienced doctor with a stronger personality rather than a truly 

collaborative frame.  

Furthermore, the participants may have not been familiar with the software used for 

the delineations and this could potentially explain the small number of outliers. This 

suggests that training on the contouring software used needs to be provided prior 

performing the delineations. In this study we focused on manual delineation skills. It 



Page 15 of 30 

 

would be interesting to study the effect of auto-segmentation tools based on SUV or 

CT in the future, as they might reduce observer variation in tumour delineation [23–

25].  

In this study, the participants’ professional background and their level of experience 

in delineating lung tumours was not recorded.  These two factors could have a 

significant impact on interobserver variation. According to a study by Giraud et al,[26] 

radiologists tended to delineate smaller volumes than radiation oncologists. Junior 

physicians, regardless of their specialty, also tended to delineate smaller than senior 

physicians, especially in complex cases. This was also observed in our study whereby, 

the expert radiation oncologist delineated a lymph node as GTVln on CT image 44, 

which his radiologist fellow considered not involved.  In view of this it is recommended 

that for future courses the participants would have to document their professional 

background on the software to allow comparison of the delineations based on the 

professional group.  Regions prone to disagreement could then be identified and 

discussed following the training course through the use of a web based teaching 

session. The provision of feedback to participants on their performance both 

quantitative and also from peers could encourage participants to complete the 

delineations following the course and promote collaboration between the different 

professional groups.   

In this study the participants were provided only with written guidelines for 

delineation including radiology reports. For future studies delineation atlases could 

also be provided to participants so as to reduce interpretational differences of what 

should be included in the GTV. The delineation data gathered from these courses 

could then be used to improve these atlases with the aim to further reduce the 

interobserver variation in the delineation of the GTV [27,28]. 

 

Conclusion  

With the introduction of multimodality imaging in radiotherapy treatment planning 

the need for more training is paramount to ensure consistency in the delineation of 
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the GTV.  This study shows that training can reduce the interobserver variation in the 

definition of the GTV. However, our training program can be improved further by 

providing the participants with more clear guidelines and individual feedback on their 

delineations at the end of the course followed by certification. Overall, the 

interprofessional delineations had the lowest interobserver variation. This highlights 

the need to include interprofessional discussions during delineation workshops as 

they form an important part of the learning process. Furthermore, peer review of 

target volume delineations should also be included in routine clinical practice so as to 

reduce the risk of errors and to improve the accuracy of target volume delineation. 

The data gathered from peer review can also be used to improve the quality of the 

delineations in routine clinical practice. 

  



Page 17 of 30 

 

Table 1: Total number of delineations evaluated for each course and percentage 

number of participants delineating the GTVp and GTVln on CT images; 38, 44, 48 and 

50. 

 

Course Method N 
% number of 

participants delineating 
GTVp on  CT image 

 % number of 
participants delineating 

GTVln on CT image 

            
   38 44 48 50  38 44 48 50 
            
Beijing 2008 Baseline 67 100 100 100 8  0 6 43 43 

Interprofessional* 9 100 100 100 11  0 0 22 22 
Post-training 45 100 100 100 7  0 2 31 35 

            
Prague 2008 Baseline 92 100 100 99 9  0 0 23 23 

Interprofessional* 10 100 100 100 0  0 0 70 70 
Post-training 2 100 100 100 50  50 50 100 100 

            
Tours 2009 Baseline 57 100 100 100 28  0 2 30 28 

Interprofessional* 10 100 100 100 10  0 0 60 60 
Post-training 10 100 100 100 0  0 0 60 31 

            
Gdansk 2010 Baseline 59 98 100 95 8  3 24 98 98 

Interprofessional* 10 100 100 100 10  0 10 80 80 
Post-training 0 0 0 0 0  0 0 0 0 

            

London 2011** Interprofessional* 9 100 100 100 11  0 44 100 100 

Cairo 2011** Interprofessional* 10 100 100 100 0  0 20 90 90 

Porto 2012** Interprofessional* 11 91 91 91 18  0 27 91 91 

Ljubljana 2013** Interprofessional* 9 100 100 100 0  0 33 100 100 

            
Total Baseline 275 100 100 99 12  1 7 45 45 

Interprofessional* 78 99 99 99 8  0 17 77 77 

Post-training 57 100 100 100 7  2 3 39 37 

Total  410          

 
* The number of participants during the workshop ranged from 7 to 30.  
** For these courses only the data for the Interprofessional collaboration delineations was available 
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Table 2: Mean delineated volume and mean local SD for GTVp and GTVln for the 

baseline, interprofessional collaboration and post-training on the 4 CT images. 

 

 

    
Mean Volume 

(cc) 

Mean local 

SD (cm) 

GTVp 

Expert 3.55  

Baseline 6.65 (+/-5.57) 0.274 

Interprofessional 4.93 (+/-1.43) 0.194 

Post-training 5.68 (+/-3.72) 0.244 

    

GTVln 

Expert 0.78  

Baseline 6.93 (+/-8.74) 0.718 

Interprofessional 4.34 (+/-3.72) 0.371 

Post-training 5.47 (+/-5.66) 0.607 
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Figure Legends 

 

Fig.1 Expert delineations (radiation oncologist in red and radiologist in green) 

compared with the baseline, interprofessional and post-training delineations for the 

courses held in Tours 2009 on the 4 CT images selected by the expert. Note that for 

the GTVp the interprofessional and post-training delineations had a lower 

interobserver variation particularly for regions with atelectasis (A) and chest wall 

(CW). The outlier (O) on the interprofessional delineations could be related to lack of 

familiarity with using the delineation software. For the GTVln there was a significant 

improvement for the interprofessional and post-training delineations as most 

participants relied more on the FDG PET-CT and included only the involved lymph 

nodes in the delineations. Another factor leading to interobserver variation when 

delineating the GTVln was that while some participants outlined only the active lymph 

node on the FDG PET-CT, other participants delineated the lymph node station. (Refer 

to online version for coloured images)  

  

Fig.2: Mean delineated volume and SD for the baseline, interprofessional and post-

training group for all courses. 

 

Fig.3: Distribution of SD of the baseline, interprofessional collaboration and post-

training delineations over the radiation oncologist’s delineated tumour surface area 

for the GTVp and GTVln.  

 

Fig.4: Comparison between the interprofessional collaboration GTVln delineations on 

CT image 48 between courses held between 2008 and 2010 and courses held between 

2011 and 2013. Note an increased reliance on the FDG PET-CT images for the later 

course leading to a lower interobserver variation.  
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Fig.1 Expert delineations (radiation oncologist in red and radiologist in green) 

compared with the baseline, interprofessional and post-training delineations for the 

courses held in Tours 2009 on the 4 CT images selected by the expert. Note that for 

the GTVp the interprofessional and post-training delineations had a lower 

interobserver variation particularly for regions with atelectasis (A) and chest wall 

(CW). The outlier (O) on the interprofessional delineations could be related to lack of 

familiarity with using the delineation software. For the GTVln there was a significant 

improvement for the interprofessional and post-training delineations as most 

participants relied more on the FDG PET-CT and included only the involved lymph 

nodes in the delineations. Another factor leading to interobserver variation when 

delineating the GTVln was that while some participants outlined only the active lymph 

node on the FDG PET-CT, other participants delineated the lymph node station. (Refer 

to online version for coloured images)  
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training group for all courses. 



Page 22 of 30 

 

  

 
 

  
 

Fig.3: Distribution of SD of the baseline, interprofessional collaboration and post-

training delineations over the radiation oncologist’s delineated tumour surface area 

for the GTVp and GTVln.  
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Fig.4: Comparison between the interprofessional collaboration GTVln delineations on 

CT image 48 between courses held between 2008 and 2010 and courses held between 

2011 and 2013. Note an increased reliance on the FDG PET-CT images for the later 

course leading to a lower interobserver variation.  
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Supplementary Data 1: Case description and contouring guidelines 

 

Presentation: This is the case of a 50-year old male, former smoker, who 

presented with progressive dyspnoea. 

Medical history: tuberculosis, hypertension, diabetes. 

Clinical presentation: ECOG performance status = 0, no weight loss, no 

palpable lymph nodes, lung auscultation: no abnormalities 

Diagnostic work-up: 

 Chest x-ray: Consolidation left upper lobe 

 

 

 Bronchoscopy: No abnormalities.  

 Bronchial brushings and washings: poorly differentiated non-small cell 

carcinoma 

 18FDG – PET-CT  scan: Cavitating lesion in the left upper lobe, 3.3 x 3.1 

cm, SUV (standardised uptake value) = 8.2. Solitary lesion, no other 

intrapulmonary lesions. Multiple small lymph nodes in the mediastinum, 

with increased FDG uptake (SUV=8.6) in the aortopulmonary window. 

No distant metastases. 

 Pulmonary function tests: FEV1 = 2,052 litre (87% of predicted). 

Diffusion capacity = 83% of predicted. VC = 3,02 litre (96% of predicted). 
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Delineation Guidelines: Courses 2011-2013 

 

Define and draw the GTV (primary lung tumour) (use “GTV prim tum” structure) 

on the planning CT. Use appropriate level and window settings (“lung2” and 

“mediastinum”). Use the 18FDG PET scan (emission scan), which is displayed 

under “show diag scan” and is matched on the CT scan for guidance. 

 

Draw the GTV lymph node(s) (use “GTV LN” structure) on the contrast-

enhanced planning CT (use “mediastinum” setting). Use the 18FDG PET scan 

(emission scan), which is displayed under “show diag scan” and is matched on 

the CT scan for guidance. 

 

Delineation Guidelines: Courses 2008-2010 

Define and draw the GTV primary, GTV lymph node  and CTV on the planning 

CT. Use appropriate level and window settings (“lung2” and “mediastinum”). 

Use the 18FDG PET scan (emission scan), which is displayed under “show 

diag scan” and is matched on the CT scan for guidance. 
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Supplementary Data 2:  Illustration of the delineation software showing the 
main window (A) with the axial CT view used for delineation, the two side 
windows are the coronal (B) and sagittal (C) reconstructions of the CT and the 
matched diagnostic FDG PET-CT (D). Delineations are projected onto these 
windows but they cannot be used for delineation  
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Supplementary Data 3: Location of the axial CT image: 38,44, 48 and 50 
selected by the expert radiation oncologist and radiologist for delineation during 
the contouring course. 
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