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Abstract

Purpose—To quantify variations in target and normal structure contouring and evaluate 

dosimetric impact of these variations in non-small-cell lung cancer (NSCLC) cases. To study 

whether providing an atlas can reduce potential variation.

Methods and Materials—Three NSCLC cases were distributed sequentially to multiple 

institutions for contouring and radiotherapy planning. No segmentation atlas was provided for the 
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first two cases (Case1 and Case2). Contours were collected from submitted plans and consensus 

contour sets were generated. The volume variation among institution contours and the deviation of 

them from consensus contours were analyzed. The dose-volume histograms (DVH) for individual 

institution plans were re-calculated using consensus contours to quantify the dosimetric changes. 

An atlas containing targets and critical structures was constructed and was made available when 

the third case (Case3) was distributed for planning. The contouring variability in the submitted 

plans of Case3 was compared with that in first two cases.

Results—Planning Target Volume (PTV) showed large variation among institutions. The PTV 

coverage in institutions’ plans decreased dramatically when re-evaluated using the consensus PTV 

contour. The PTV contouring consistency did not show improvement with atlas use in Case3. For 

normal structures, lung contours presented very good agreement, while the brachial plexus showed 

the largest variation. The consistency of esophagus and heart contouring improved significantly (t-

test, p<0.05) in Case3. Major factors contributing to the contouring variation were identified 

through a survey questionnaire.

Conclusions—The amount of contouring variations in NSCLC cases was presented. Its impact 

on dosimetric parameters can be significant. The segmentation atlas improved the contour 

agreement for esophagus and heart, but not for the PTV in this study. Quality assurance of 

contouring is essential for a successful multi-institutional clinical trial.

Introduction

Lung cancer is the most common cause of cancer death in men and women in the United 

States [1] with the majority of cases consisting of non-small-cell lung cancer (NSCLC). 

Radiation therapy plays an important role in the treatment of NSCLC. Three-dimensional 

(3D) images are utilized to accurately delineate patient anatomy. Highly conformal 

treatment techniques such as intensity-modulated radiation therapy (IMRT) and volumetric-

modulated arc therapy (VMAT) are utilized to deliver the prescribed dose to the planning 

target volume (PTV) while minimizing dose to organs at risk (OAR). Dose-volume 

histograms (DVH) are often used in treatment planning to evaluate the plan quality. The 

dose distribution of conformal radiotherapy plans is very dependent on the contours 

delineated on patient anatomy.

Studies have shown variation in the contouring of targets and OARs in lung [2, 3, 4, 5, 6], 

head and neck [7, 8], brain [9, 10], prostate [11, 12], and breast [13, 14] cases. The 

dosimetric impact of this contour variation can be significant [7, 13, 15] depending on the 

degree of variation and the plan dose gradient. Differences in structure delineation impact 

DVH calculation, tumor control probability (TCP), and normal tissue complication 

probability (NTCP) [11, 12]. Contouring consistency is important in multi-institutional 

clinical trials to avoid biased trial outcomes derived from inconsistent dosimetric 

parameters. Various efforts, including atlas construction, protocols for structure definition, 

and quality assurance (QA) programs, have been developed to reduce contouring 

inconsistencies and inter-observer variation of target and normal tissue definition in multi-

institutional clinical trials [3, 13].
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In this study, quantitative analysis of the variation in target and normal structure contouring 

in NSCLC cases was performed on samples from pre-clinical trial planning studies of 

RTOG 1106. The dosimetric impact of the contouring variations and the potential of 

improvement in contouring consistency with a provided atlas were evaluated in conformal 

radiotherapy plans (including 3D, IMRT, VMAT). Even though a significant amount of 

literature has reported on the variation of the contouring and the dosimetric impact as 

referenced above, this report describes this quantity in a multi-institutional clinical trial 

setting which potentially can be correlated to outcome. Moving the investigations further, 

we have also collected data on the significant factors that affect the contouring, and have 

reported on the effect of one of the strategies to reduce contouring variation–the use of an 

atlas. The need for further improvements is discussed.

Methods and Materials

Data

Three different NSCLC cases were distributed sequentially (Case1, Case2, and Case3) to 

participating institutions for a pre-clinical trial dry run planning study for Radiation Therapy 

Oncology Group (RTOG) protocol 1106 [16, 17]. Case1 was a T4N2M0 of the right lower 

lobe and Case2 was a T4N2M0 of the right upper lobe. These cases were used to study the 

contouring variation and its impact on dosimetric outcomes. Case3 was a T3N3M0 of the 

right upper lobe, which was distributed after the Case1 and Case2 studies were completed. 

Case3 was used to study the impact of providing atlases on contouring consistency. Twelve 

institutions participated in Case1 dry run, 11 institutions in Case2, and 12 institutions in 

Case3, with some of the institutions participated in more than one dry run. For each case, the 

same CT and PET scans were distributed to the participating institutions for contouring and 

planning. Contouring was completed on the CT image and the PET image was utilized for 

functional imaging information. Each institution was instructed to contour the gross tumor 

volume (GTV) to include both primary and nodal tumors present in the CT and PET images. 

The planning target volume (PTV) was derived by a 1cm expansion of the GTV. OARs 

included the lungs, heart, esophagus, cord, and brachial plexus. Dose constraints for 

radiotherapy planning were provided to the institutions with a prescription dose of 74Gy to 

the PTV and mean lung dose less than 20Gy. 3D conformal, IMRT or VMAT were allowed 

as planning techniques. All institutions submitted the dry run planning results, but only the 

datasets with complete DICOM RT files (RT plan, structure, and dose) available at the time 

of analysis (this included eleven plans for Case1 and seven plans for Case2) were qualified 

for this study. The volumetric and dosimetric parameters for the same plan calculated by 

different software systems may differ [18]. Therefore, all submitted plans were imported 

into a single software system, MIMvista (Version 5.2.1; MIMvista Corp., Cleveland, OH), 

for consistent analysis.

Contouring variation analysis

Based on the submitted contours for Case1 and Case2, a consensus structure set was 

generated using the Simultaneous Truth and Performance Level Estimation (STAPLE) 

algorithm [19] for each individual case and was subsequently reviewed by physicians from 

participating institutions for further edits and agreement. The contours were also reviewed 
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and approved by members of Advanced Technology Integration Committee (ATIC) of 

RTOG to get the final consensus contours. The volume variations between different 

institutions’ contours and the deviation of an individual institution’s contour from the 

consensus contour were analyzed. The deviation of the institution’s contour from the 

consensus contour was evaluated in terms of volume difference, mean surface distance 

(MSD), and Dice’s coefficient, which are defined as the following:

(1)

(2)

(3)

where X is the set of voxels encompassed by the institution’s contour, Y is the set of voxels 

encompassed by the consensus contour, |X| equals to the number of voxels in set X, |Y| 

equals to the number of voxels in set Y, X̄ is the set of voxels on the surface of contour X, Ȳ 
is the set of voxels on the surface of contour Y, d(x,y) is the Euclidian distance between 

voxels x and y, inf represents the infimum, and symbol ∩ represents the intersection between 

two sets.

Dosimetric impact of contouring variation

Dose and structures submitted by each institution were imported into MIMvista and DVHs 

were calculated. The institution contours were replaced by the consensus contours and the 

DVHs were re-calculated for each plan to quantify the dosimetric changes caused by 

contouring deviations. Representative dose points were evaluated, which included PTV 

D95%, PTV V100%, cord maximum dose, mean lung dose, lung V20Gy, mean esophagus 

dose, heart V65Gy, and brachial plexus maximum dose. The TCP for each plan was 

calculated using a logistic model [20]

(4)

EUD where D50 denotes the PTV dose required for a 50% probability of tumor control and γ 

denotes the normalized slope of the sigmoid-shaped dose-response curve at D50. Equivalent 

uniform dose (EUD) is calculated using following equation

(5)
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where N is the number of voxels in the anatomic structure of interest, Di is the dose in the i 

th voxel, and a is the tumor or normal tissue-specific parameter that describes the dose- 

volume effect. The parameters, D50, γ, and a, vary with tumor type, treatment method, etc., 

and a set of numbers from relevant literatures [21, 22] were used to calculate TCP in this 

study. A comparison was performed between the TCP values calculated from the 

institution’s PTV DVH and the consensus PTV DVH.

Impact of an atlas on contouring consistency

Atlases containing targets and OARs were constructed based on the consensus contours 

from Case1 and Case2. The atlases were made available on the RTOG website (http://

www.rtog.org/CoreLab/ContouringAtlases/LungAtlas.aspx) when Case3 was distributed for 

planning. Participating institutions were instructed to refer to the atlases when contouring, 

and the remaining components of radiotherapy planning remained similar as in Case1 and 

Case2. All twelve plans from participating institutions were collected for Case3 and the 

contouring variation was quantified using the same analysis described in Equations (1)–(3). 

The calculated numbers were then compared with those derived from Case1 and Case2.

Major factors contributing to contouring variation

To identify possible causes of the observed contouring variations, a questionnaire was made 

and sent to participating physicians who contoured the dry run cases to find out what they 

consider to be major factors that contributed to the contouring variability. The factors 

included in the questionnaire are listed in Table 1. The physicians were asked to score these 

factors as to how much they impact the contouring. Scores were given from 0 to 5 with 

score 0 as having no impact and score 5 as having the most significant impact.

Results

Contouring variations in Case1 and Case2

Figure 1 shows the GTV contour variation among multiple institutions for a single axial CT 

slice with the consensus contour displayed in red.

Quantification of the variation is shown in Table 2 and Table 3. The volume difference 

between the institution’s PTV and consensus PTV ranged from −28.0% to 7.7%, with a 

mean value of −5.9% and standard deviation (SD) of 10.75% in Case1. The PTV volume 

difference was more pronounced in Case2 ranging from −40.8% to 19.9% and mean±SD of 

−10.3%±22.3%. The negative mean values of PTV volume difference suggest that the 

institutions tended to under-contour the treatment target in both cases (Fig. 1). For normal 

structures, brachial plexus presented a large variation in contouring (Dice’s coefficient 

below 50%), esophagus and heart presented less variation (Dice’s coefficient around 75% 

for esophagus and around 85% for heart), and lungs presented the least amount of variation 

(Dice’s coefficient above 95%). The numbers for cord in Table 3 do not represent the real 

variation in contouring cord because the cord was contoured differently in length by 

different institutions.
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Dosimetric impact of contouring variation

The dose-volume parameters calculated with the institutions’ contours and the consensus 

contours are listed in Table 2 and Table 3. PTV coverage decreased when evaluated using 

the consensus contour in both cases, especially with dramatic changes in the DVH in Case2 

where the PTV contouring variation was more pronounced. The mean value of TCP 

decreased from 84.3%/87.8% (Case1/Case2) to 72.6%/52.8% when consensus PTV was 

used for re-calculation. Despite the brachial plexus exhibiting one of the largest contouring 

variations, the dose to the brachial plexus was minimal in all plans for both cases and the 

variation did not have a significant impact on plan quality. The maximum cord dose 

increased in both cases when the consensus cord contours were used for dose re-calculation.

Figure 2 shows the PTV DVHs for Case2 calculated with the institutions’ contours and the 

consensus contour respectively. Some of the DVH curves showed severe degradation 

depending on the deviation of PTV volume from the consensus contour. Figure 3 shows the 

correlation between PTV volume differences and dosimetric outcome changes. As expected, 

larger decreases in PTV volume compared to the consensus PTV resulted in greater 

degradation of standard PTV DVH metrics (D95%, etc.). If the PTV was over-contoured 

compared to the consensus PTV, it certainly did not affect the dosimetric outcomes in terms 

of PTV coverage. However, with over-contoured PTVs, the treatment plan has the potential 

to treat a greater volume of normal tissue to prescription dose than it would do with the 

consensus contour. The mean value of lung V20Gy in over-contoured-PTV plans was 36.5%

±3.1% (mean±SD) compared to 31.9%±4.0% of under-contoured-PTV plans in Case1, and 

the values were 33.4%±0.5% vs. 27.8%±3.9% in Case2. The dependency of dosimetric 

outcomes with respect to Dice’s coefficient and MSD was similar to that with respect to 

PTV volume difference.

Impact of an atlas on contouring consistency

Table 4 quantifies contouring variations in Case3 (use of an atlas) in comparison to Case1 

and Case2. PTV volumes were 456cc±52cc (mean±SD), 514cc±127cc, and 568cc±67cc in 

Case1, Case2, and Case3, respectively. The Dice’s coefficient of PTV in Case3 was 88.3%

±2.2%, which did not show improvement from Case1 (92.4%±3.3%) and Case2 (86.4%

±7.6%). The Dice’s coefficients of esophagus and heart in Case3 significantly improved (t-

test, p<0.05) from those in Case1 and Case2. The brachial plexus did not show significant 

improvement in Dice’s coefficient but the mean surface distance reduced dramatically in 

Case3. Dice and mean surface distance evaluations for cord were not performed due to 

different lengths contoured from different institutions.

Major factors contributing to contouring variation

Among the factors included in the questionnaire for tumor contouring, four had average 

scores larger than 3 (total score 5), which were: difficulty in defining tumor vs. other 

pathologic structures (e.g. atelectasis, infection, condensation, effusion) (average score 

3.67); difficulty in defining tumor vs. normal structures (e.g. mediastinal vessels) (average 

score 3.33); involvement of lymph nodes (average score 3.17); and variation in SUV 

threshold for tumor delineation in PET image (average score 3.17). For normal tissue 

contouring, CT image quality (e.g. resolution, contrast, partial volume effect) (average score 
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3.67) and physician’s knowledge and judgment (average score 3.33) werethe two leading 

factors.

Discussion

This study examined the magnitude of variations in target and normal tissue contouring in 

NSCLC radiotherapy. The results showed quite large variability among radiation oncologists 

in contouring target and some critical structures. A similar amount of variation for NSCLC 

cases was also reported in previous studies [3, 4]. While only volume and dimensional 

differences were evaluated in these studies, our work quantified more parameters including 

Dice’s coefficient and mean surface distance, and correlated these variations with changes in 

radiation dose to target and OARs. The dosimetric impact of contour variation can be 

significant. The dosimetric degradation in this study was especially pronounced for PTVs 

which exhibit a high dose gradient on the boundary compared to other structures in highly 

conformal radiotherapy plans. Due to steep falloff of dose outside the PTV, portions of the 

treatment target that are excluded from the PTV contour may receive significantly lower 

radiation dose. As can be seen from Figure 2, the low dose part of the PTV DVH curve is 

significantly affected by the under-contoured PTV which in turn decreases the equivalent 

uniform dose and TCP. The dosimetric impact of OAR contouring variation is dependent on 

the proximity of the OAR to the target and the dose gradient in the OAR region. In general, 

OAR dosimetry is less affected by contouring in the observed variation range. However, 

accurate dose statistics are critical for clinical trial outcomes analysis (e.g. NTCP modeling), 

although variation within a certain range may not have a significant clinical impact on 

individual cases.

Another aspect that distinguishes this study from others is the investigation of the role of 

atlases in contouring target and OARs. The third NSCLC case (Case3), which had a similar 

complexity to the first two cases, showed comparable variation in target contouring despite 

the availability of segmentation atlases. The OAR contours which displayed either severe or 

moderate variations in first two cases presented considerable improvement in consistency 

with the use of atlases in Case3. A probable cause of the PTV inconsistency is that the target 

has a large variation in size, location, pathology, and nodal involvement among different 

cases while the normal organs or tissues do not have such large variations.

This study was limited by the small number of cases. Since this was part of the pre-clinical 

trial planning study, each dry run took long periods from the selection of a case to collection 

of plans. The third case (Case3) was the last dry run of the RTOG 1106 pre-trial planning 

study and was used as the credentialing benchmark in this trial. Although the number of 

cases was small, the treatment plans included in this study were collected from a large 

number of institutions, which made these datasets particularly valuable for inter-institutional 

comparison study.

The possible causes of contouring variation were discussed in the study by Van de Steene et 

al [4]. Studies from Steenbakkers et al [5] and Fitton et al [6] found that using PET in 

addition to CT reduces interobserver variability in delineation of lung target volumes, 

especially for the targets in hilar region, heart, great vessels, pericardium, mediastinum, 
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and/or the region associated with atelectasis [6]. Nevertheless, the remaining variation was 

still large compared with other geometric uncertainties such as setup variation and organ 

motion [5]. Based on existing studies and experience from current work, we developed a 

survey questionnaire to collect contouring physicians’ opinions on contributing factors to the 

contouring variability. Among a number of confounding factors in tumor delineation 

variability, the discrepancy in defining tumor versus atelectasis and mediastinal vessels 

seems to be a major factor in our study. Even though PET images were provided, the 

presence of nodal volumes added variability in GTV contouring. Identifying the causes of 

contour variations will help us to come up with more targeted solutions and to improve 

contouring consistency in future trials. For example, contouring uncertainties caused by 

inferior image quality can be reduced through credentialing of institution’s imaging devices, 

which is already under consideration in some of the RTOG protocols.

The contour deviation demonstrated in this study indicated the possibility for poor 

dosimetric compliance to the protocol in clinical trials thus having an adverse impact on 

clinical trial outcomes. A properly formed CTV to PTV margin which incorporates the 

delineation uncertainty may eliminate the high dose gradients from true CTV boundary 

during treatment [23]. However, this may not always be feasible since allowing PTV 

margins to be too large may have negative impact in the clinical trial setting. The greatest 

impact on dosimetry in this study was from variation in tumor contouring which did not 

appear to benefit from the provided atlases. PTV volume also affected dose distribution in 

surrounding tissues significantly. Efforts beyond atlas construction should be implemented 

in clinical trials to improve contouring consistency, which may include detailed and specific 

contouring instructions as part of clinical trial protocol, educational workshops, and remote 

case reviews. Providing atlas is one method that was evaluated in this work and certainly 

more studies need to be done in this area. Quality assurance of contours for the cases 

included in the trial is essential, and if necessary, pre-trial dry runs and quality reviews are 

also desirable to identify issues and assess the capability of a successful trial 

implementation.
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Fig. 1. 
GTV contours from different institutions. Red thick line represents the consensus contour. 

(a) Case1, (b) Case2.
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Fig. 2. 
DVH curves of PTV for Case2. (a) DVH calculated with institutions’ contours and 

institutions’ planned doses. (b) DVH calculated with consensus contour and institutions’ 

planned doses.
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Fig. 3. 
Dosimetric outcome changes due to PTV contouring variation. X axis represents the 

deviation of institutions’ PTV volume from consensus PTV volume, and Y axis represents 

the deviation of PTV dose parameters calculated with consensus contour from the 

parameters calculated with institutions’ contours. (a) Case1, (b) Case2.
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Table 1

Questionnaire - Factors contributed to contouring variation in RTOG 1106 dry run cases

For tumor (including both primary and nodal tumors) contouring:

CT image quality (e.g. resolution, contrast, partial volume effect)

PET image quality (e.g. resolution, contrast, partial volume effect)

Uncertainties associated with the contouring tools/devices (drawing precision)

Imperfect window setting (i.e. window width and level) when contouring

Variation in SUV threshold for tumor delineation in PET image

Time spent on contouring (diligence in contour drawing)

Difficulty in defining tumor vs. some other pathologic structures (e.g. atelectasis, infection, condensation, effusion)

Difficulty in defining tumor vs. some normal structures (e.g. mediastinal vessels)

Involvement of lymph nodes

Unclear or not-so-detailed instructions and definitions in the protocol

Physician’s knowledge and judgment

Other factors (specify)

For normal tissue/OAR contouring:

CT image quality (e.g. resolution, contrast, partial volume effect)

Uncertainties associated with the contouring tools/devices (drawing precision)

Imperfect window setting (i.e. window width and level) when contouring

Time spent on contouring (diligence in contour drawing)

Unclear or not-so-detailed instructions and definitions in the protocol

Physician’s knowledge and judgment

Other factors (specify)
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