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Background and purpose: The Quality Assurance project for stage III non-small cell lung cancer radiother-
apy ProCaLung performed a multicentric two-step exercise evaluating mediastinal nodal Target Volume
Definition and Delineation (TVD) variability and the opportunity for standardization. The TVD variability
before and after providing detailed guidelines and the value of qualitative contour reviewing before
applying quantitative measures were investigated.
Materials and methods: The case of a patient with stage III NSCLC and involved mediastinal lymph nodes
was used as a basis for this study. Twenty-two radiation oncologists from nineteen centers in Belgium
and Luxembourg participated in at least one of two phases of the project (before and after introduction
of ProCaLung contouring guidelines). The resulting thirty-three mediastinal nodal GTV and CTV contours
were then evaluated using a qualitative-before-quantitative (QBQ) approach. First, a qualitative analysis
was performed, evaluating adherence to most recent guidelines. From this, a list of observed deviations
was created and these were used to evaluate contour conformity. The second analysis was quantitative,
using overlap and surface distance measures to compare contours within qualitative groups and between
phases. A ‘most robust’ reference volume for these analyses was created using the STAPLE-algorithm and
an averaging method.
Results: Five GTV and seven CTV qualitative groups were identified. Second step contours were more
often in higher-conformity groups (p = 0.012 for GTV and p = 0.024 for CTV). Median Residual Mean
Square Distances improved from 2.34 mm to 1.36 mm for GTV (p = 0.01) and from 4.53 mm to
1.58 mm for CTV (p < 0.0001). Median Dice coefficients increased from 0.81 to 0.84 for GTV (p = 0.07)
and from 0.82 to 0.89 for CTV (p � 0.001). Using HC-contours only to generate references translated in
more robust quantitative evaluations.
Conclusion: Variability of mediastinal nodal TVD was reduced after providing the ProCaLung consensus
guidelines. A qualitative review was essential for providing meaningful quantitative measures.

� 2021 Published by Elsevier B.V. Radiotherapy and Oncology 167 (2022) 57–64
It is well established that toxicity and tumor response obey
dose-dependent relationships in locally advanced non-small cell
lung cancer (LA-NSCLC) radiation treatments [1]. To maximize
the therapeutic window, continuous improvement of spatial accu-
racy is necessary. On one hand, assessments of nodal involvement
and localization are now more accurate owing to advances in
diagnostic and staging procedures integrating imaging with
(minimally-)invasive nodal sampling [2]. On the other hand, new
computing algorithms enable more accurate and precise dose cal-
culations, whereas technological evolutions in linear accelerators
and progress in image guidance have been continuously improving
treatment delivery accuracy.

Among the tasks performed by radiation oncologists for each
treatment, two are arguably complex to evaluate and improve:
the target volume definition, the selection of the malignant nodes
to treat, and its delineation or contouring, the delimitation of this
target on the planning CT-scan. Optimal target volume definition
and delineation (TVD) is a prerequisite to ensure the safety and
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efficacy of promising isotoxic or even dose-escalated treatments
[3]. In recent clinical trials, detailed contouring guidelines and
quality assurance processes are provided to radiation oncologists
to ensure consistent target volumes across time and study sites
[4–6]. In routine clinical practice, TVD may be less rigorously per-
formed, resulting in interobserver variability (IOV) [7], which has
been recognized as a major source of spatial imprecision in radia-
tion oncology (RO) [8]. Even within big-data-oriented initiatives,
IOV might hinder knowledge extraction such that defining the best
TVD method from these comprehensive data analyses may turn
out to be impossible. Therefore, continued efforts are needed from
the RO community to reduce this variability.

A possible explanation for the persistence of IOV may be the
lack of description of the anatomical differences between contours
in many studies which mainly reported numerical expressions of
IOV [6,9,10], instead of the information required for clinicians to
adapt their methods. Furthermore, quantitative approaches used
to analyze the quality of TVD [11] are generally applied to a refer-
ence volume generated from multiple observers’ inputs [12,13]
irrespective of their similarity. It can be hypothesized that per-
forming a qualitative review to select the contours to feed the con-
sensus algorithm’s may improve its robustness.

Several methods have been used to reduce IOV. As reviewed by
Vinod et al. [14] and recommended by the UK Royal College of
Radiologists [15] and in a recent systematic literature review
[16], guidelines and peer-review are valuable approaches. The Bel-
gian College for Physicians in Radiation Oncology (College) is a fed-
eral body tasked with the mission to evaluate and improve the
Fig. 1. Delineation exercise case. The exercise case was a patient with a squamous cell c
described a 1.1 � 1.7 cm node in upper 4R nodal station (* in frames A and B) and contigu
node in station 10R with a 9 mm short axis (white arrow in frames A and C). The PET/CT r
(�), respectively. Note a longitudinal stretch of the PET signal possibly due to breathing m
procedure confirmed the infiltration of the upper 4R node, while the analysis of the
EBUS = Endobronchial Ultrasound, CT = Computed Tomography, FDG = Fluorodeoxyglu
Value.
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quality of RO practice across the country, relying on centers’ volun-
tary participation. After the rectal and breast cancer projects (PRO-
CARE [17] and PROCAB[18,19], resp.), ProCaLung was introduced to
monitor the quality of LA-NSCLC radiotherapy through peer-
review of mediastinal nodal TVD. The project started with a
benchmark-case delineation exercise in two steps which explored
the magnitude of real-life TVD variability across centers before and
after the publication of ESTRO-ACROP guidelines [20]. These rec-
ommendations provide guidance for defining the nodes to irradi-
ate, but still allow for very different Clinical Target Volumes
(CTV) depending on the physician’s choice. Hence, the College
organized an expert consensus meeting to establish less permis-
sive recommendations, based on these ESTRO-ACROP guidelines,
below referred to as ProCaLung guidelines, where target definition
is also based on the algorithm described by Peeters et al. [2], but
delineation recommendations are more specific (described in
Methods). These guidelines were provided to the participants for
the second step of the exercise to evaluate their impact on the
standardization of the mediastinal nodal TVD in Belgium.

This paper describes our qualitative and quantitative analyses
of this nodal target definition and delineation exercise with an
in-depth evaluation of IOV.

Materials and methods

In January 2017, radiation oncologists with expertise in thoracic
oncology from the 25 radiotherapy centers in Belgium and Luxem-
bourg were invited to participate in a delineation exercise of a
arcinoma of the right upper lobe. Regarding the regional workup, the chest CT-scan
ous nodes up to 2 � 2.4 cm in lower 4R station (pre-carinal) (� in frames A–C) and a
eport described lymph nodes with SUVmax of 12.2 and 13 in upper (*) and lower 4R
otion, best seen on the pulmonary artery on frame B and C. The results of the EBUS
lower 4R punction revealed fatty tissue without neoplastic cell. Abbreviations:

cose, PET = Positron Emission Tomography, SUVmax = Maximum Standard Uptake
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stage III NSCLC patient with a squamous cell carcinoma of the right
upper lobe and positive mediastinal nodes (Fig. 1). It is important
to note that this patient is just one test case. The prospective seg-
ment of the ProCaLung study will include all stage III non-small-
cell lung cancer patients with mediastinal node involvement (thus
excluding those with T4 N0 and T3/4 N1 disease). Inclusion will
require histological confirmation, and all non-small-cell lung can-
cer subtypes will be included. Workup details were sent to the par-
ticipants alongside the contrast-enhanced Positron Emission
Tomography/Computed Tomography (PET/CT) images. In June
2018, a new invitation to delineate the same patient was sent to
all Belgian radiation oncologists with expertise in lung cancer,
regardless of their participation in step 1, with the ProCaLung
guidelines attached (Supplementary Materials). These included
the recommendations of Peeters et al. [2] for target definition
and those of ESTRO-ACROP [20] for delineation. However, it was
decided to add two additional restrictions in order to standardize
contouring: the use of a 5 mm CTV margin around the GTV instead
of whole nodal stations and the exclusion of elective irradiation of
adjacent nodal stations.
Qualitative analysis

GTV delineations from step 1 (baseline) and step 2 (with ProCa-
Lung guidelines) were visually inspected for compliance with Pro-
CaLung TVD recommendations. Upon inspection, multiple
deviations from recommendations were discovered (Figs. S1 and
S2), and a list was created containing all types of deviations that
were observed (Table 1, left column). The disparities were then cat-
egorized into groups and ranked based on their estimated impact
Table 1
Qualitative evaluation of contours.

GTV deviations from guidelines Step
(n =
Nb o
%

Inclusion of hilum node 3
Inclusion of 2R node 1
No inclusion of lower 4R node 1
Inclusion of part of right brachiocephalic artery (other nodal station) 1
Inclusion of part of the pericardium (posterior aspect of the superior aortic

recess)
7

Imprecise delineation: Missing slices or part(s) of a node or inclusion of a
significant amount of non-nodal tissue, defined as ‘‘clearly visible when
using a mediastinum viewing window”.

15

SNN included in GTV * 15
No deviation from guidelines 1

CTV deviations from guidelines Step
(n =

GTV in groups #1 or #2 12
CTV delineated in stations without GTV 4
Delineated more than 5-mm margin around GTV (mostly whole nodal

stations)
8

No or partial inclusion of SNN 5
No or partial crop to lungs or air in trachea 7

No crop to pericardium recess and no or partial crop to blood vessels. Most
often missed: at the bottom of the contour (into the main pulmonary
artery), or at the anterior part of the azygos vein

18

Counts of radiation oncologists’ contours for each deviation and group allocation. Percent
(n). * Groups where duplicated contours were excluded from group comparisons but ke
Abbreviations: CTV = Clinical Target Volume; GTV = Gross Tumor Volume; RO = Radiation
nodes within a 5 mm distance from the positive nodes.
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on the contours’ similarity to the GTV expected per protocol. Each
GTV was then re-examined using this list to ensure that no devia-
tion was missed, and then allocated to a group based on its largest
deviation observed. The first two groups included delineations
with target definition deviations and were collectively labeled
‘‘non-conform”, while the last group included those with the high-
est conformity to guidelines (labeled HC for Highly Conformal).

The same procedure (Fig. S3) was also applied to categorize CTV
delineations. However, the first CTV group included all contours
with ‘‘non-conform” GTV (Fig. S4). Contours with the fewest and
smallest deviations and whose respective GTV had been assigned
to HC were included in the last CTV group (HC).

This categorization was used to compare the exercise’s steps
qualitatively and to guide the reference volume determination
for quantitative evaluations.
Quantitative analyses

Independently for GTV and CTV, we determined the reference
volume for quantitative comparisons by identifying the one best
translating the qualitative review, i.e., that best discriminated HC
vs all other groups (non-HC). To assess the importance of selecting
contours to use when generating that reference, three contour sets
were considered: delineations from all participants (ALL), those
from the second step only, as guidelines were provided (STEP2),
and only the contours most conforming to guidelines after the
qualitative review (HC). To reduce the risk of findings being asso-
ciated with the consensus algorithm used, two methods were
applied on these three contour sets, generating a total of six differ-
ent volumes: the Simultaneous Truth and Performance Level Esti-
1
18)
f RO |

Step 2
(n = 15)
Nb of RO |
%

GTV qualitative group (if 1st
deviation)

Step 1
(n = 18)
Nb of RO
| %

Step 2
(n = 15)
Nb of
RO | %

17% 1 7% #1 – GTV inclusion criteria unmet 6 33% 1 7%
6% 0 0%
6% 0 0%
6% 0 0%
39% 4 27% #2 – Non nodal tissue included in

GTV
6 33% 4 27%

83% 9 60% #3 – Other gross imprecision in GTV
delineation

4 22% 3 20%

83% 6 40% #4 – SNN included in GTV * 1 6% 2 13%
6% 5 33% #5 – GTV High conformity (HC)

(n = 6)
1 6% 5 33%

1
18)

Step 2
(n = 15)

CTV qualitative groups (if 1st
deviation)

Step 1
(n = 18)

Step 2
(n = 15)

67% 5 33% #1 – GTV not conform 12 67% 5 33%
22% 1 7% #2 – Elective CTV 1 6% 1 7%
44% 3 20% #3 – Selective CTV but not a 5 mm

margin
1 6% 0 0%

28% 1 7% #4 – CTV missing SNN 1 6% 1 7%
39% 7 47% #5 – Missing crop to lung

parenchyma and/or air in trachea
2 11% 2 13%

100% 15 100% #6 – All criteria met except crop to
vessels and pericardium and GTV
not HC *

1 6% 2 13%

#7 – CTV High conformity (HC)
(n = 4)

0 0% 4 27%

ages shown are calculated with respect to total number of contours sent at each step
pt included in steps comparisons.
Oncologist; SNN = Small Neighboring Nodes, infra-centimetric PET-negative lymph
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mation algorithm, applied with default parameters (STAPLE) [21],
and an averaging method, selecting voxels included by a majority
of the physicians (VOTE) [22]. Computations were performed in
3D on rasterized versions of the contours, i.e., a CT-sized matrix
(512 � 512�181) where voxels included in the volume equal 1
and the others 0. The analyses consisted of the Dice Similarity
Coefficient (DSC) and Surface Distance metrics (SD): the Residual
Mean Square Distance (RMSD) [23], Hausdorff Distance (HDmax),
and the 95th and 99th percentile partial distances (HD95 and
HD99) [24]. Specifically, the maximum value of directed measure
was considered for SDs (RMSD excepted). The best values for these
metrics are 1 for DSC and 0 for SDs if absolutely identical volumes
are compared.

The best volume identified was used as a reference to compare
the exercise steps quantitatively and to assess the performance of
an arbitrarily chosen 3 mm HD95 as a threshold for a classification
method of HC vs. non-HC contours.
Statistical methods and software

Cochran-Armitage trend tests were used to compare the distri-
bution of contours in qualitative groups between the two exercise
steps. Repeated measures analyses of variance on ranks [25] were
applied for DSC and RMSD for each method to detect if the contour
set used to generate references yields different results, correcting
the p-value for the lack of sphericity [26] with Greenhouse-
Geisser epsilon. These were performed separately for HC and
non-HC contours, as the metrics would vary in opposite directions
if the robustness of the generated volumes is improved by the
selection process, and included GTVs and CTVs to increase statisti-
cal power. Post-hoc comparisons were performed with Wilcoxon’s
signed rank tests. Comparisons of contour metrics between exer-
cise steps were performed with the Brunner-Munzel test for inde-
pendent data [27].

All reported p-values are two-sided, with 0.05 as the chosen sta-
tistical significance threshold. The Benjamini-Hochberg [28] multi-
ple comparisons correction was also applied to the
abovementioned tests, accepting a 5% false discovery rate.

The proportion of contours with HD95 �3 mm was evaluated
between steps with Fischer’s exact test.

Software used for this work is detailed in the supplementary
material.

Results

Eighteen physicians (15 centers) participated in the first step,
fifteen physicians (14 centers) participated in the second step, of
which eleven participated in both. This means that in total, 22
physicians from 19 centers (out of a total of 25 centers in Belgium
and Luxemburg) participated in the delineation study. Addition-
ally, there was a good geographic spread, representative of each
region in Belgium, as well as a good balance between academic
and non-academic centers. One physician sent identical contours
for both steps. While only one set of these contours was included
in the group categorization analyses to prevent artificial imbal-
ance, both were considered in between-step comparisons. A dia-
gram of the analyses process is presented on Fig. S5.
Qualitative analysis

The 32 different GTV and CTV contours were visually inspected
and qualitatively categorized. Table 1 shows the distribution of
observed deviations from guidelines and assignments in qualita-
tive groups. For GTV, 5 groups were identified. 7 contours defining
other nodes than those expected in station 4R as target were
assigned to the first group, while 6 GTV delineations without any
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deviation constituted the HC-group. CTVs were categorized into 7
groups. Seventeen CTV contours whose GTV belonged to the two
least-conforming groups were assigned to the first CTV group. Four
CTV contours with the expected lowest-impact deviations (missing
or partial crop to blood vessels and pericardium fold) had their
respective GTV included in GTV HC and were used to constitute
the CTV HC group. Table 1 also presents the different categoriza-
tion of contours in qualitative groups between the exercise steps
(p = 0.012 for GTV and p = 0.024 for CTV).
Quantitative analyses

Fig. 2 presents the DSC and RMSD between groups for the differ-
ent reference volumes. Both for STAPLE and VOTE methods, the
correlation of quantitative metrics with qualitative evaluations
improved when discarding non-compliant contours from reference
generation (Table 2). Visual and quantitative comparisons of the
VOTEHC and STAPLEHC volumes showed remarkable agreement
for GTV with a DSC of 0.98 and RMSD of 0.34 mm, while the CTV
volumes were slightly more different (DSC 0.94, RMSD 0.87 mm).
CTV STAPLEHC had converged on a single observer contour with
imperfections that were not observed on the VOTEHC contour.
Hence, further analyses used VOTEHC contours as reference. All
quantitative results computed are found on Table S1. The pre-
specified maximum HD95 value of 3 mm had 100% sensitivity to
identify HC delineations for both structures, with 85% and 90%
specificity for GTV and CTV, respectively. Furthermore, using any
HC contour as a reference to calculate HD95 also yielded 100% sen-
sitivity to identify the other HC contours for both structures using
the same 3 mm threshold, with 86% (95% CI 0.83–0.89) and 90%
(95% CI: 0.84–0.93) specificity for GTV and CTV, respectively.

Quantitative comparisons confirmed statistically significant
improvements of almost all metrics in step 2 (Table 3). The propor-
tion of contours with HD95 under 3 mm went for GTV from 17%
(3/18) in step 1 to 47% (7/15) in step 2 (p = 0.13) and for CTV from
6% (1/18) to 40% (6/15) (p = 0.03).
Discussion

This report describes a stepwise approach to assess IOV, i.e., an
in-depth qualitative review followed by quantitative analyses of
contours (Qualitative Before Quantitative approach, QBQ), applied
to both steps of the ProCaLung delineation exercise. It builds on
and improves previous initiatives on IOV. Van de Steene et al. pro-
posed four groups of factors explaining GTV variability [29]. While
differentiating involved nodes from other structures, pathological
or not, is less common, likely owing to the improvement of imag-
ing techniques, the remaining two groups explained almost all rea-
sons for the IOV observed in this work: methodology and lack of
knowledge. Our analyses additionally included the CTV, suggesting
that similar factors are also the primary drivers of CTV IOV, also
after providing TVD guidelines. Still, contours from the second step
were significantly closer to what ProCaLung guidelines advise, con-
firming that detailed recommendations enable decreasing IOV, as
previously reported [14]. However, benchmark case studies per-
formed prior to clinical trials showed that providing instructions
is not sufficient to ensure per-protocol TVD. In the PET-plan trial’s
dummy run, GTV volume and overlap metrics showed significant
IOV before and after an additional teaching session [30]. The
Southwest Oncology Group (SWOG), observed a median DSC for
nodal GTV of only 0.35 as the target definition was highly uneven
among participants [10]. We confirmed that agreement on target
definition is a fundamental condition to guarantee similar con-
tours. Data on nodal target volumes IOV outside the context of clin-
ical trials are scarce. When analyzing the ESTRO delineation



Fig. 2. Quantitative comparisons of qualitative groups per reference volume used. A and B: Dice Similarity Coefficient (DSC, lines at 0.8 and 0.9) – C and D: Residual Mean
Square Distance (RMSD, lines at 3 and 1 mm). Selecting HC contours to generate the reference volume enables a better quantitative discrimination of qualitative groups.
Abbreviations: ALL = All delineation exercise contours, CTV = Clinical Target Volume, GTV = Gross Tumor Volume, HC = contours meeting the largest number of qualitative
criteria of conformity with ProCaLung guidelines, STEP 2 = contours received during the second step only.

Table 2
Discriminative power of the quantitative evaluation depending on the contour set used to generate the reference volume (GTV and CTV considered together).

Staple

metric Contourset ALL (1) STEP 2 (2) HC (3) RM ANOVAon
ranks

Wilcoxonsigned-rank
test

Median (95% CI IQR) Median (95% CI IQR) Median (95% CI IQR) F Adj p (1) vs. (2) (2) vs. (3)

DSC HC (n = 10) 0.87 (0.85–0.89) 0.91 (0.88–0.92) 0.92 (0.89–0.93) 13.0 0.0007 * 0.007 * 0.21
Others (n = 54) 0.85 (0.81–0.86) 0.84 (0.81–0.86) 0.80 (0.78–0.82) 27.9 <0.0001 * 0.031 <0.0001 *

RMSD HC (n = 10) 1.36 (1.08–1.89) 1.10 (0.91–1.23) 0.89 (0.77–1.24) 13.9 0.0011 * 0.0051 * 0.11
Others (n = 54) 2.17 (1.73–2.97) 2.12 (1.67–2.81) 2.54 (1.89–3.06) 9.26 0.0007 * 0.08 <0.0001 *

VOTE

metric Contourset ALL (1) STEP 2 (2) HC (3) RM ANOVAon
ranks

Wilcoxonsigned-rank
test

Median (95% CI IQR) Median (95% CI IQR) Median (95% CI IQR) F Adj p (1) vs. (2) (2) vs. (3)

DSC HC (n = 10) 0.90 (0.88–0.91) 0.91 (0.89–0.92) 0.92 (0.91–0.94) 27.6 <0.0001 * 0.009 * 0.007 *
Others (n = 54) 0.85 (0.80–0.87) 0.83 (0.81–0.85) 0.82 (0.80–0.84) 35.7 <0.0001 * 0.0001 * <0.0001 *

RMSD HC (n = 10) 1.16 (1.00–1.31) 1.00 (0.82–1.16) 0.86 (0.76–1.02) 20.1 0.0002* 0.0051 * 0.07
Others (n = 54) 2.15 (1.61–3.01) 2.12 (1.60–3.50) 2.24 (1.86–3.37) 11.8 <0.0001 * 0.0015 * 0.21

Abbreviations: ALL = All delineation exercise contours, CI = Confidence Interval, CTV = Clinical Target Volume, DSC = Dice Similarity Coefficient, GTV = Gross Tumor Volume,
HC = High-conforming contours, IQR = Interquartile range, RM ANOVA = Repeated Measures Analysis Of Variance, RMSD = Residual Mean Square Distance, STEP 2 = contours
received during the second step only.
RM ANOVA on ranks results are reported with raw F-statistics and adjusted p-values. * = Significant after Benjamini Hochberg multiple testing correction for all RM ANOVA on
ranks and all Wilcoxon tests, (3) vs (1) included and all significant, not shown.
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courses, substantial variability was observed for the delineation of
nodal GTV, as even the experts did not always agree on target def-
inition [31].

The dosimetric impact of TVD IOV, evaluated in several studies
and reported in a systematic literature review, revealed ‘unaccept-
able’ or ‘major’ deviations in up to 13.4% of plans, while the specific
differences were usually not reported [32]. In our exercise, major
deviations were considerably less common in the second step.
61
However, deviations persisted both for GTV and CTV, mainly in
relation to three structures: infra-centimetric PET-negative nodes
within 5 mm distance from positive nodes (small neighboring
nodes, SNN, Fig. 3-A/B), a pericardial recess (Fig. 3-C/D), and blood
vessels. To the best of our knowledge, no published contouring rec-
ommendations for LA-NSCLC outside clinical trials addressed the
matter of SNNs, and they were not specifically mentioned in ProCa-
Lung guidelines either. While the nodal selection algorithm [2]



Table 3
Quantitative comparison of ProCaLung delineation exercise steps.

GTV Step 1 Step 2 BM

metric Median IQR Range Median IQR Range p-value

DSC 0.81 (0.71, 0.85) (0.51, 0.91) 0.84 (0.81, 0.89) (0.75, 0.94) 0.07
RMSD 2.34 (1.42, 5.63) (0.85, 15.71) 1.36 (1.02, 1.72) (0.63, 9.2) 0.01 *
HD95 5.79 (3.44, 21.23) (2.0, 37.63) 3.07 (2.11, 4.3) (1.38, 27.46) 0.01*
HD99 7.89 (4.84, 23.62) (2.43, 39.65) 4.37 (3.51, 5.84) (2.0, 29.37) <0.01 *
HDmax 9.71 (6.43, 24.52) (2.96, 40.96) 5.28 (4.66, 7.46) (2.8, 31.27) 0.01*

CTV Step 1 Step 2 BM

metric Median IQR Range Median IQR Range p-value

DSC 0.82 (0.69, 0.84) (0.35, 0.89) 0.89 (0.84, 0.91) (0.64, 0.96) 0.0008 *
RMSD 4.53 (2.28, 6.72) (1.36, 24.55) 1.58 (1.22, 2.09) (0.7, 9.59) <0.0001*
HD95 12.7 (5.59, 21.05) (2.23, 49.88) 3.41 (2.18, 4.8) (1.38, 25.27) <0.0001 *
HD99 15.43 (7.45, 23.88) (3.09, 55.81) 4.12 (3.4, 6.52) (2.0, 29.19) <0.0001*
HDmax 17.25 (9.39, 25.39) (4.8, 59.81) 5.88 (4.12, 7.93) (2.8, 33.56) <0.0001*

GTV and CTV contours of the exercise’s second step are also quantitatively closer to the reference volume.
*Significant after Benjamini Hochberg multiple testing correction.
Abbreviations: BM = Brunner-Munzel two-sided test, DSC = Dice Similarity Coefficient, IQR = Interquartile range, RMSD = Residual Mean Square Distance.

Fig. 3. Small Neighboring Nodes and pericardial fold. Frames A and B (with PET) show the same slice at the carina level. The white arrows indicate the Small Neighboring
Nodes (SNN) which should not be included in GTV as per ProCaLung guidelines. On frames C and D, a few slices below A/B, the arrows point to the posterior aspect of the
pericardial superior aortic fold, which should also not be included as target volume. Note that the longitudinal stretch of the PET signal possibly due to breathing motion (see
Fig. 1) gives the appearance of high metabolic activity in this structure. Abbreviations: GTV = Gross Tumor Volume, PET = Positron Emission Tomography.
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does not consider them as GTV, 40% of the second step contours
did. Per definition, SNNs are within 5 mm of positive nodes and
should therefore be included within the CTV margin and treated
at the highest dose level. However, inclusion in the GTVmeans that
the CTV contour would be extended by an additional unwarranted
5 mm CTV margin around them. Part of the pericardial superior
aortic recess was also often included in GTV by physicians at both
steps. Better knowledge of the mediastinal anatomy could there-
fore help reducing IOV. Moreover, although the pericardium is con-
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sidered an organ-at-risk in RO, it is never specifically mentioned as
a ‘crop-to’ structure, and no contour reviewed here excluded it
completely. Also, cropping to blood vessels was always partial even
though none of them showed signs of involvement. In the RETRACE
study [7] of IOV in the adaptive setting for lung and head-and-neck
patients, no delineation instructions were given. In contrast with
head-and-neck cases, experts rarely edited the isotropic margins
for lung cases, contrary to published guideline recommendations
[20]. This may indicate an unusual approach in lung cancer TVD
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practice, which could benefit from specific consideration within
teaching initiatives.

The aforementioned issues (no information on how to handle
SNNs and the absence of crop-to structures) may have influenced
the IOV in this exercise. For this reason, we updated the protocol
for the prospective ProCaLung study to include an algorithm on
how to handle SNNs in the vicinity of the nodal CTV and a crop-
to structure atlas. These adaptations should aid in reducing IOV
by delivering a very precise protocol with little room for
interpretation.

In studies where a reference volume is determined based on
concordance of multiple observers, all available contours were
usually used, even with reportedly significant differences between
them [12,13,33], possibly limiting the robustness of subsequent
calculations. As seen in RETRACE, the TVD variability between
experts can be significant [7]. In the SWOG study, STAPLE was
applied to six expert contours to analyze IOV between 17 other
participants. However, the similarity of the experts’ delineations
was not reported. Our QBQ approach enabled the generation of vol-
umes well-suited for a quantified expression of IOV when close-
ness to a reference is meaningful without assumptions on the
observers’ expert competence. This methodology selected the best
contours based on actual performance rather than expectation.
Without a detailed qualitative review, the most logical delineation
set to use would have been STEP2, as instructions were available.
Our reference volumes based on the HC sets (GTV and CTV) were,
naturally, closer to each HC contour, but also further from the
others, highlighting their validity using some of the most discrim-
inating 3D metrics available. For CTV, the VOTEHC method was
more robust to any one contour’s imperfections than STAPLEHC

was, probably due to the limited number of HC contours (four).
In summary, we recommend performing a qualitative review
before generating a reference volume for quantitative analyses
and advise caution with small sample sizes.

This QBQ approach, which allowed to confirm the quantita-
tively higher conformity in the exercise’s second step, also enabled
to quantify the impact of qualitative criteria. Selecting a different
set of nodes to be treated or including whole nodal stations as
CTV explained the largest quantitative differences, but most devi-
ations evaluated are noticeable. Unnecessarily larger volumes
would result in higher doses to organs at risk, even from a small
systematic unnecessary margin [34] such as the lack of CTV crop.
We do believe that respecting a few well-defined qualitative crite-
ria are sufficient to significantly limit the interobserver variability
and its dosimetric impact.

QBQ requires comprehensive and stringent guidelines, which
may limit the transferability to other clinical settings. Had the
same approach been applied based on ESTRO-ACROP instead of
ProCaLung guidelines, results would have been less informative.
Nonetheless, the qualitative examination allowed the identifica-
tion of a few criteria, and the constituted list will likely be further
expanded when applied to larger sets of patients before it can be
validated. Even though it initially is a time-consuming approach,
it is rewarding, as it should thereafter be applicable to contour
reviewing in any clinical, research, or educational setting.

A strength of this study is the prospective snapshot of target
definition and delineation for LA-NSCLC across a country within
numerous centers of varying sizes, academic or not, and physicians
using their usual software, in a way that could be as close as pos-
sible to the real-world practice of a large panel of radiation oncol-
ogists. The similarity of high-conformity contours is encouraging
for any TVD quality assurance program such as the planned
prospective phase of ProCaLung (NCT04726358). Indeed, the met-
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rics calculated when comparing submitted delineations to the
reviewer’s HC ones should be meaningful and trustworthy. ProCa-
Lung will offer peer-review for actual patients in a real-life setting
and is expected to further reduce the residual variability persisting
after providing TVD guidelines, thus positively impacting the qual-
ity of NSCLC radiotherapy for the benefit of patients [16,31,35].

Conclusion

Variability of mediastinal nodal TVD was reduced in the second
step of this nation-wide exercise. A qualitative review was essen-
tial to achieving meaningful quantitative comparisons of contours.
Residual IOV supports the relevance of ProCaLung’s upcoming
peer-review initiative in Belgium. The aim is to implement a
two-year peer-review project at national level to further reduce
IOV, and improve quality of nodal mediastinal delineation in Stage
III N2 NSCLC patients.
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