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Purpose: To report on the benchmark case (BC) study performed in the context of the European
Organisation for Research and Treatment of Cancer prospective multicentre Lungtech trial of SBRT for
patients with inoperable centrally located lung tumours.

Methods and materials: Target volume and organs at risk (OARs) delineations first needed to be acceptable
before the treatment plan was reviewed. Retrospectively, Dice similarity coefficients of the OARs and the
target volumes were calculated and a set of gold standard contours adapted for each institution margins
was applied on the accepted dose submissions to evaluate the influence of acceptable delineation varia-
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Be}rllchmark tions on dosimetry.

SBRT Results: Twenty-five institutions participated. Five BCs were accepted at the first attempt. Twenty insti-
Lung tutions had to revise their delineation at least once and seven had to revise their planning once. The Vg

Gy dose coverage improved significantly (p = 0.05) between the first and final submissions from median
(range) 94.8% (22.5-97.8) to 95.3% (70.5-99.3). The median Dice coefficient varied significantly between
OARs: The lowest values were found for the brachial plexus 0.25 (0.01-0.54) and the highest for the
spinal cord 0.89 (0.71-0.95). The mean PTV Dice coefficient was 0.82 (0.48-0.92). Applying the gold stan-
dard contours, only one institution remained compliant with the dose coverage criteria with Vg Gy med-
ian (range) of 83.4% (54.2-93.9).
Conclusions: Clinical guidelines and radiotherapy protocols are not a substitute for timely radiotherapy
quality assurance procedures, which improve dose coverage significantly. Delineation remains the main
source of BC rejection and plan review without first reviewing delineation may not be efficient. Our
results show that delineation variations seem to have a larger influence on PTV coverage than variations
in planning and irradiation techniques and thus suggest that dose tolerance criteria should preferably
take into account the accuracy of delineation.

© 2018 Published by Elsevier B.V. Radiotherapy and Oncology 132 (2019) 63-69

Planning exercise
Clinical trial

Radiotherapy Quality assurance (RTQA) has become a necessary
and valuable intrinsic tool for conducting clinical trials and poor
protocol compliance has been shown to have a critical impact on
the trial outcome [1-3]. The EORTC has defined various RTQA
levels which can be adopted in specific trials depending on e.g. trial
complexity and trial end-points. Within the EORTC 22113-08113
prospective phase Il Lungtech trial on stereotactic radiotherapy
for centrally located non-small cell lung cancer (NSCLC), an RTQA
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programme was initiated that entailed not only all the standard
RTQA levels but also included new quality assurance measure-
ments and procedures not previously used within the EORTC
[4,5]. This study reports here on one of the steps within the
Lungtech RTQA process; the Benchmark Case (BC). A BC is often
used to test the clarity of the protocol and to evaluate the inter-
institution variation in delineation and treatment planning [6].
The aim of the BC within this trial was to first retrieve an over-
view of the treatment planning techniques and to quantify the
dosimetric variations as well as the variability in target volume
and organ at risk delineations. Furthermore, the objective was to
quantify institutional PTV coverage when a gold standard (GS)
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delineation adapted to institution specific margins is used to calcu-
late the DVHs. This provides insight into the influence of delin-
eation variations relative to variations in treatment planning on
DVHs.

The data from the BC will give valuable insights into the tech-
niques currently employed for treating this patient group and the
level of congruence for delineation and treatment planning of such
patients, which to our knowledge, has not been presented thus far
for stereotactic body radiotherapy (SBRT) for centrally located lung
tumours. It is therefore also of interest to institutions treating such
patients outside of this trial.

Materials and methods

The Lungtech trial is a phase Il EORTC trial on SBRT for centrally
located NSCLC (T1-T3, NO, MO0) launched in 2014. The trial aimed to
evaluate the efficacy and toxicity using an SBRT regimen of 8 times
7.5 Gy. The primary end point was freedom from local progression
at 3 years. Twenty-five institutions distributed over 6 European
countries participated in the benchmark procedure.

Benchmark process and evaluation

All institutions willing to participate in the Lungtech trial were
sent the BC data. These comprise a 3D-CT, a 4DCT and a 3D PET-CT
of an example patient which would be eligible for this trial. The
patient is a 54 years old female with histologically confirmed
NSCLC stage IA who was considered medically inoperable. The
patient did not have prior radiotherapy or chemotherapy within
3 months before the start of SBRT. The patient was known with
severe chronic obstructive pulmonary disease and with a concur-
rent hepatitis infection. The patient had a WHO performance status
of 2. Institutions were asked to plan this case according to the trial
guidelines using the planning technique they would also use
within the trial. The trial guidelines included requierements for
window and level settings used during delineation. Institutions
were required to submit their DICOM-RT structures, RT-dose and
RT-plan files through the EORTC digital platform for central evalu-
ation in the Vodca™ software.

The anonymizsd BCs were reviewed and classified as “per pro-
tocol”, with “acceptable variations” or with “unacceptable varia-
tions” according to the current Global Harmonisation Group
classification in a two-step process: for each complete submission,

Table 1
Target volume coverage criteria.

the delineations were reviewed by a radiation oncologist and if
judged per protocol or with acceptable variations, a medical physi-
cist then reviewed the BCs treatment plans and dose distributions.
Institutions with a BC that was judged unacceptable were
requested to resubmit a new BC with the proper adjustments. All
institutions were informed about the results of the BC within three
working days after submission with suggestions for improvements
when applicable. Institutions were not allowed to recruit patients
until satisfactory completion of the exercise.

The BCs were reviewed according to the RTQA guidelines
defined in the protocol. In the Annex the dosimetric and the delin-
eation criteria for the OARs are defined (Annex Tables 1 and 2). The
dose specification criteria for the target volumes are given in
Table 1. Additional descriptions for the delineations of the OARs
and target volumes can be found in the trial protocol (ClinicalTri-
als.gov Identifier: NCT01795521) and in the article introducing
the Lungtech trial from Adebahr et al. [4]. Delineation guidelines
were based on the delineation atlases previously published by Feng
et al. and Kong et al. [7,8]. To aid the reviewers, a set of gold stan-
dard (GS) volumes was defined before the benchmark exercise
took place. These volumes were delineated by one experienced
radiation oncologist and reviewed and agreed upon by the radia-
tion oncologists defining the protocol.

All submissions were retrospectively reviewed in order to eval-
uate the level of protocol understanding and to identify the main
causes of protocol deviations. Furthermore, the evaluation aimed
to determine the remaining variations in OARs and target delin-
eations and dose distribution within the accepted submissions.
Within the 25 institutions that submitted a BC, 18 planned on
the same CT (3D) while the remaining planned on either one phase
of the 4DCT or the average 4DCT images of the same patient. As the
geometrical data linking the 3D dataset to the 4D datasets were not
incorporated in the data sent back from the institutions and we
could not assume that the institutions actually used the provided
link, we limited our analysis of common and encompassing vol-
umes and Dice coefficients to the 18 submissions planned on the
same 3D dataset as requested by the guidelines even if dose calcu-
lation and therefore delineations were tolerated on the 4DCT set.

Evaluation of the delineation variations and influence on DVH results

Common and encompassing volumes were generated for the
ITVs and PTVs (Fig. 1). To evaluate if the gold standard (GS) CTV

Per protocol Acceptable Unacceptable
variation variation
PTV® V60 Gy >95% and b'e V60 Gy <95%
(in case OAR constraints can be met) V54 Gy >99% or
110% < Dmax < 120% V54 Gy <99%
PTV V56 Gy >95% X V56 Gy <95%
(reduced prescription dose 8*7 Gy when OAR dose constraints are reached)
V50.4 Gy >99% V50.4 Gy <99%
PTV V48 Gy >95% X V48 Gy <95%
(in case inhomogeneous PTV dose is used when OAR overlap with PTV)'
CTV or ITV V60 Gy >95% X V60 Gy <95%
(in case inhomogeneous PTV dose is used when OAR overlap with PTV) and or

GTV max
to 0.5 cc

V54 Gy >99%
110%-120%

V54 Gy <99%

100-110% or <100% OR >130%

120%-130%

1 Dose within the PTV may be reduced until the planned dose to the OAR meets the acceptable variation criteria for the OAR but without reaching unacceptable variation

criteria for the PTV constraints.

& PTV is formed from ITV adding a minimum margin of 3 mm and maximum margin of 5 mm for set-up uncertainties. In case a GTV/CTV to PTV expansion is used additional

margins are needed.
" In the Lungtech protocol CTV is defined to be equal to the GTV.
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a)

b)

Fig. 1. Axial, Sagittal and coronal images of the target volumes. Delineated PTV and ITV volumes are shown (a and b), as well as their respective common (red) and
encompassing (yellow) volumes (c and d). (For interpretation of the references to colour in this figure caption, the reader is referred to the web version of this article.)

volume deviated significantly from the submitted CTV volumes,
the distribution of the volumes was first tested for normality using
a Shapiro-Wilks test. A two-sided t-test was thereafter used to test
if the GS volume deviated from the average remaining CTV vol-
umes. Furthermore, Dice coefficients (Eq. (1)) (DC) were calculated
for each combination of two volumes. If all delineations are identi-
cal the DC value would be 1. The median and range of the DC per
volume was calculated as well as the median and range of the
DC comparing each submitted volume only to the GS volume. A
statistical signed rank Wilcoxon test was performed to test if these
results were statistically different.
Equation1. Dice coefficient

|Am N Anl

DC=2%——
|Am| + |An|

A, = target volume of institution m, A, = target volume of institu-
tion n.

From the GS CTV contours, GS PTV contours were derived for
each CTV to PTV margin used in the accepted delineations. As such,
the GS PTVs were defined as it would have been in the individual
institutions if they would have delineated exactly according to
the GS CTVs (neglecting possible small differences in expansion
algorithms). Using the submitted dose distributions, the dosimetric
coverage of the GS CTVs and PTVs was calculated. As such the influ-
ence of the remaining accepted delineation variations among the
submissions on the dosimetric coverage of the gold standard target
could be quantified.

Results

Initial benchmark evaluations

An overview of the treatment techniques and equipment used
within the institutions is given in Annex Table 3. Besides the insti-
tution using a Tomotherapy unit which employs the mid-

ventilation concept, all others used the ITV concept to generate a
treatment plan. At the exception of one institution (institution 5)
using an 8 MV beam, all institutions used an energy of 6 MV. One
institution reported its intention to adopt a motion restriction
approach by abdominal compression in the near future.

Five institutions passed both steps at their first attempt. Five
institutions succeeded the delineation step after one resubmission
and subsequently passed the dosimetry step at their first attempt.
One institution succeeded the delineation after one resubmission
and had to resubmit the dosimetry once. One institution failed at
the first attempt and did not resubmit their benchmark and did
not participate to the study. Four institutions needed two delin-
eation resubmissions but passed the dosimetry at their first
attempt. Two institutions resubmitted their delineation twice
and their dosimetry once. Two institutions had to resubmit three
times their delineation but passed successfully the dosimetry at
their first attempt. Two other institutions had to resubmit three
times their delineation and once their dosimetry. Two institutions
had to resubmit their delineations four times, one passed the
dosimetry at their first attempt the other had to resubmit once.
One institution had to resubmit their delineations 5 times and
had to resubmit dosimetry once. Thus, in total 20 institutions
had to revise their delineation at least once and only 7 institutions
needed to revise their treatment plan.

Delineations graded as unsatisfactory were related to the prox-
imal bronchial tree in 7 cases, the trachea in 4 cases and the spinal
cord, the brachial plexus, the chest wall and the lung in 5 cases. For
the proximal bronchial tree, the most frequently observed unac-
ceptable variation was the non-inclusion of the distal 2 cm of the
trachea. In one submission the margin from CTV to PTV was
7 mm, exceeding the protocol limit of 5 mm. One submission was
unacceptable because the delineated GTV insufficiently covered
the tumour volume, while in another submission it was the ITV
that was insufficiently covering the cranial and caudal extend of
the tumour trajectory.
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To accommodate some of the planning challenges presented by
centrally located tumours, the protocol stipulates that the dose
within the PTV may be reduced until the OARs meet the dose
acceptable variation criteria (Annex Table 1). In the benchmark
exercise 22 institutions succeeded to reach the OARs criteria with-
out reducing the dose to the PTV, demonstrating thus the feasibil-
ity of the regular approach. Nonetheless, two institutions (1 and 5)
presented in the annex, felt the need to reduce the prescribed dose
in order to better spare the large vessels, although no dose con-
straints for this OAR were formulated in the protocol. These insti-
tutions have been informed that the regular prescription could be
obtained for this patient by other institutions. However, their plans
were not rejected as institution policies on OAR dose may be fol-
lowed for the OARs for which the Lungtech protocol did not define
criteria.

The inter-institution comparison is performed using the regular
prescription of 60 Gy as dose normalisation factor for the DVH
analysis as this was the dose level that could be reached according
to the protocol. We included the 2 institutions which used the

reduced prescription dose in this analysis as this better reflects
what happens in clinical practice. The resulting DVHs of all the first
plan submissions and of the eventually approved submissions are
shown in Fig. 2. Six dose submissions were rejected for an insuffi-
cient dose coverage of the PTV. One submission was rejected for a
high Dmax (>120% of the prescribed dose) to a too large volume
(14 cc).

The mean and range of Dmax values (represented by the Dg 5 ()
for the OARs are shown in Table 2a. All OARs Dmax values are sig-
nificantly lower than their Dmax limit. The variations observed
over institutions are displayed as the range of Dmax. The proximal
bronchial tree shows the largest variations among institutions with
a ratio (highest Dmax)/(lowest Dmax) of 12.

The median and range of target volumes and dosimetric cover-
age are given in Table 2b. The PTV delineation was always accept-
able at first submission. The median coverage by the prescription
dose before the review was 94.8% (22.5-97.8) and improved to
95.3% (70.5-99.3) through the exercise. The two distributions were
significantly different based on a Wilcoxon-rank test (p = 0.05).
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Fig. 2. (a) PTV DVHs of the 24 accepted submissions, (b) PTV DVHs at first submission. (c) DVHs of the 18 accepted dose submissions within the gold standard contours.
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Table 2
Dose to OARs (a) and target volumes (b).
OAR Dmax (Gy) Dmax (Gy)
mean (range)
(a)
Spinal cord 32 10.2 (0.6-26.1)
Oesophagus 40 18.4 (8.5-23.8)
Brachial plexus 38 0.8 (0.3-2.8)
Proximal trachea 44 37.9 (15.7-41.4)
Proximal bronchus tree 44 28.5 (2.6-36.7)
Lungs-CTV no restriction but recording of DVH data for toxicity evaluation 66.9 (46.7-73.8)
Chest wall No restriction but recording DVH data for toxicity evaluation 50.7 (35.27-66.7)
Volume (cc) median (range) V60 Gy (%) median (range) V54 Gy (%) median (range)
(b)
First review PTV 27.8 (15.2-46.5) Not applicable Not applicable
First review plans PTV 27.4 (14.7-46.7) 94.8 (22.5-97.8) 100 (94.4-100)
Accepted plans PTV 27.4 (14.7-46.7) 95.3 (70.5-99.3) 100 (98.4-100)
Accepted plans ITV 12.7 (6.5-18.3) 99.7 (94.9-100-) 100 (100-100)
Gold standard PTV 28.09 (

83.3 (54.2-93.9) 95.2 (71.5-99.6)

All institutions passed the dose specifications based upon their
own contours in their final submission (Fig. 2a), considering a tol-
erance of 1% in dose and 1% in volume to account for software dif-
ferences in DVH calculation between the institutions and the
central reviewing platform.

Evaluation of the delineation variations and influence on DVH results

The PTV volumes were normally distributed (Shapiro-Wilks
test) and the GS CTV volume was not significantly different from
the CTV volumes of the other institutions (two-sided student test
p=041).

As presented in Fig. 2¢, using the gold standard contours only
one institution among the accepted submissions remained compli-
ant with the dose coverage criteria. These GS DVHs show that the
effect of target delineation variations on the DVHs is larger than of
variations in planning techniques.

As an example, the DVHs of the PTV of the rejected and
accepted treatment planning submissions of one institution are
displayed in Fig. 3. Based on their own delineations the dosimetric
improvement between the two plan submissions is considerable
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Fig. 3. Failed first dosimetric attempt and final accepted submission respectively
within the institution own contours and within the gold standard contours.

(from V60 Gy = 84.1% to V60 Gy = 95.1%). However, the improve-
ment is drastically less within the gold standard PTV (from
V60 Gy = 70.2% to V60 Gy = 74.4%). The larger improvement seen
in the DVH based on the submitted volumes compared to the
improvement seen in the GS volumes is caused by an increase in
the dose in the volume located outside of the GS contours but
inside the submitted volumes.

In addition, a study was performed to see if the size of the insti-
tutions own PTV correlated with the dosimetric coverage within
the adapted GS-PTV contours (Fig. 4). As can be expected, the cov-
erage of the GS-PTV generally increased with increasing institution
planned PTV, although this correlation was not strong.

Delineation analysis

The delineated PTVs and ITVs are depicted in Fig. 1 as well as
the encompassing and common volumes. The common volume is
less than a quarter of the volume encompassing all contours for
both PTV (12.5 cc vs. 52.1 cc) and ITV (5.3 cc vs. 21.8 cc) structures.
The range of accepted target volumes reflects not only the varia-
tion of submissions, but also the uncertainty around what the
reviewing clinicians thought was acceptable when reviewing.

In Table 3 the median Dice coefficients are presented. The med-
ian Dice coefficients are 0.82 and 0.79 for the PTVs and the ITVs,
respectively. The median Dice coefficients of the OARs vary widely
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Fig. 4. PTVs’ initial volume as a function of the coverage of the GS-PTV.
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Table 3
Median and range of Dice coefficients.
Spinal cord Proximal bronchial tree Trachea Oesophagus Brachial plexus Iv PTV
Over all contours 0.89 0.62 0.80 0.71 0.25 0.79 0.82
(0.71-0.95) (0.35-0.83) (0.63-0.92) (0.61-0.82) (0.01-0.54) (0.52-1.00) (0.48-0.92)
Compared to gold standard 0.76 0.74 0.82 0.71 0.24 0.80 0.85
(0.71-0.80) (0.44-0.81) (0.72-0.90) (0.65-0.75) (0.01-0.47) (0.69-0.84) (0.67-0.91)

and are lowest for the brachial plexus (0.25). The Wilcoxon signed
rank test showed no significant difference between the Dices coef-
ficients comparing each institution to each other one and the Dice
coefficient calculated between each institution and the GS delin-
eation (p = 0.54).

Discussion

This study reports on a two-step review of the Lungtech bench-
mark case performed by 25 institutions. Foremost, it should be
acknowledged that the V60 dose coverage improved significantly
(p = 0.05) between the first and final submissions, showing the effi-
cacy of the RTQA procedure in improving the trial quality.

The results show that the delineation step was the most chal-
lenging with 20 out of 25 institutions failing at their first attempt.
In comparison, the planning exercise was graded unacceptable in
only 7 cases. Planning was mainly rejected because of a too low
dose covering the PTV. This was also the most common dosimetry
comment given in the recently published benchmark case results
of the Chisel trial on SBRT for early stage lung cancer [9]. Therefore,
the delineation was the main source of plan rejection as it is in
many other benchmark case exercises [10,11]. The fact that the
planning acceptance rate was higher than the delineation accep-
tance rate might be related to the fact that no OARs with con-
straints were in direct proximity of the tumour, making planning
constraints relatively easy to be met. However, the tumour was
in reasonable proximity to the large vessels and some institutions
reduced their prescription dose based on this. The Dice coefficient
in relation to the gold standard volumes of the OARs varied widely
depending on the OAR. For example, the range of Dice coefficients
for the brachial plexus delineation was much wider than the range
of Dice coefficients for the spinal cord. It should be recognised that
the low Dice score of this organ is probably also caused by the far
distance of the organ from the target volume, making this delin-
eation not an important part of the dosimetric evaluation of the
benchmark. This might have led to a lower attention paid to the
contouring of this volume by the institutions. Nonetheless the dis-
tance from the tumour did not influence the attention paid to the
review of this OAR as 4 institutions were rejected based on an
incorrect or absent delineation of the brachial plexus.

For this trial, delineation guidelines were based on a recent and
detailed delineation atlas, constructed in supine position with the
arms above the head as similar to the BC patient position. Several
reasons may have contributed to the high rate of unacceptable
delineations. As institutions participating in the trial were not
required to have previous experience with treatment of this
patient group (central NSCLC) or with the use of the specified
delineation atlases, the delineations requested might have been
more complex than their clinical routine delineations. However,
we did not collect any information on the level of experience of
the participants to support our suggestion nor did we ask weather
or not the PET-CT images were used during delineation. As an
example, in the article of Peulen et al. on target delineation vari-
ability in lung SBRT [12], the inter observer variations were small
but the observers were all radiation oncologists from institutions
with ample experience. In addition, the differences seen in the bra-

chial plexus case could probably have been reduced using MR
imaging [13]. Nonetheless, other trials reported similar failure
rates despite strict and detailed delineation guidelines [14]. The
EORTC has implemented delineation teaching sessions in various
new trials to provide training and hopefully reduce the percentage
of unacceptable delineations.

In addition to the analysis of the BCs itself, which has been done
for many previous trials as well, we also generated DVHs based on
gold standard PTVs. While with the submitted DVHs the differ-
ences in plan quality could be quantified, the gold standard DVHs
were used to quantify the impact of acceptable delineation varia-
tions within the submission on target coverage. As a result, it
was found that the differences in accepted delineations signifi-
cantly increased the spread of the DVHs and would have led to
unacceptable PTV dose variations if such analysis would have been
part of the prospective pass/fail criteria. How this would impact
the dose actually delivered to the CTV is certainly also of interest
but is considered beyond the scope of this article. The benchmark
case exercise conduced in preparation for the PORTEC-3 trial, also
large differences in contouring of the CTV were observed [15].
However, these did not translate into large variations in dosimetry.
A correlation study was performed comparing the institution ini-
tial PTV volume and the plan dosimetric performances using the
golden standard contours. The exercise demonstrated as expected
that larger initial PTV volumes showed better agreement with the
dose specifications when using the golden standard contours. This
information might be useful to determine if the review process
could be accelerated. To fast track benchmark reviews, distance
thresholds to the gold standard contours could be set to allow
plans to be reviewed simultaneously for delineation and planning
assuming the dosimetric acceptance criteria then take into account
the influence of acceptable delineation variations.

The number of patients needed in a trial does not usually
explicitly take into account the effect of contouring and planning
uncertainties on the trial results. Nonetheless, several articles have
demonstrated that the dose delivered in multicentre trials may
vary significantly among institutions, pleading for more QA and
arguing that toxicity and local control rates currently reported
are hampered by such variations [2]. These findings demonstrate
the need to enter benchmark exercises in trial routine and to stan-
dardise the review of this exercise in terms of parameters reported.
Under the hypothesis that delineation and dosimetric variations
could uniformly and systematically be reported and correlated to
tumour control and toxicity, the number of patients needed for a
trial could be tailored according to this quantified variation. Proper
prospective RTQA combined with delineation workshops will
reduce this variation and thus smaller number of patients would
be needed to answer the trial question. As such, trial RTQA would
not only improve the treatment of the patients but would also
reduce overall trial costs and time.

In conclusion, the data from the BC gave valuable insights into
the techniques currently employed for treating centrally located
NSCLC and the level of congruence for delineation and treatment
planning of such patients. The study demonstrates that QA
improved trial quality significantly. Nonetheless the study also
shows that delineation was the main source of unacceptable vari-
ations in this trial. Moreover, the variation in tumour delineation
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within the accepted contours resulted in a substantial increase in
the spread of the target coverage compared to the spread resulting
from the variation in planning and delivery techniques used. As a
very conformal plan is shown through the use of the gold standard
contour to have limited value if a high level of accuracy in delin-
eation is not achieved, we suggest to modify the dose tolerance cri-
teria in future trials taking into consideration the accuracy of
delineation.
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