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Background and purpose: In the last decade precision of radiotherapy treatment execution increased,
demanding more accurate delineations to fully exploit these developments. The aim of this study was
to identify the extent of interobserver variability in delineation of head and neck cancer (HNC).
Materials and methods: In February 2017 all Belgian radiotherapy departments were invited to complete
an online survey and submit clinical target volumes for five HNC reference cases. Clinical target volume of
the primary tumour (CTVp) and elective nodal neck (CTVe) were submitted and compared between cen-
tres for CTVp and to the CTVe ‘gold standard’ (CTVeGS). Volume, DICE similarity coefficient (DSC) and
median Hausdorff Distance (HD) were measured and calculated.
Results: Fourteen of 22 centres (64%) completed both survey and delineations. They all used delineation
guidelines for CTVe and twelve confirmed the use of guidelines of Grégoire et al. Nine centres used CTVp
guidelines, although none used the same ones. Median DSC for CTVe comparing centres with CTVeGS ran-
ged between 0.67 and 0.82 and HD50 between 1.7 mm and 2.8 mm. Good agreement was shown for neck
level II, III and IV, whilst worst consensus was observed for level Ib, V, VI, VIIa and VIIb. Improvement of
DSC and HD50 was observed when the same levels as CTVeGS were selected. Median DSC and HD50 for
CTVp ranged between 0.51 and 0.79 and 2.8 mm and 4.1 mm respectively, which both slightly improved
when calculating it for only the centres using a 10 mm margin.
Conclusion: Although nearly all participants used identical guidelines for CTVe there were large discrep-
ancies in neck levels selected and volumes delineated. CTVp delineations were also heterogeneous
although we expect improvement with implementation of recently published guidelines. Additional
teaching in target volume delineation is necessary as this paper demonstrates that availability and imple-
mentation of guidelines alone is not enough to guarantee uniform delineation.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 137 (2019) 9–15
Head and neck cancer (HNC) is the seventh most common can-
cer and cause of cancer-related death worldwide with yearly more
than 500 000 new cases and 380 000 deaths [1]. HNC is usually
diagnosed in a locally advanced but curable stage for which a
multimodal treatment approach is preferred consisting of surgery
followed by radio(chemo)therapy or radio(chemo)therapy as
definitive treatment. Surgery for locally advanced tumours can be
mutilating whereas radio(chemo)therapy holds the potential for
better functional outcomes but can cause treatment-related
toxicity. Intensification of radiotherapy [2] and/or concomitant
chemotherapy [3], have improved survival at the cost of more
toxicity [4]. Nevertheless, loco-regional failure rates are high with
approximately 30% over 5 years, which is an important cause of
morbidity and mortality [5,6]. Great effort is being made to
improve the therapeutic ratio by increasing dose to the target vol-
umes (TV) while decreasing dose to organs at risk (OARs). Espe-
cially in HNC this can be challenging because of complex
anatomy and close proximity between TV and OARs [7]. Since
the implementation of more conformal techniques such as inten-
sity modulated radiotherapy (IMRT) and volumetric arc therapy
(VMAT), there has been a decrease in toxicity, especially xerosto-
mia [8]. Also intensity modulated proton therapy (IMPT) holds
great potential in terms of normal tissue toxicity due to its more
favourable dose-depth characteristics, including a sharp localized
high dose delivery at the Bragg peak [9]. With these highly confor-
mal techniques correct delineation is even more crucial because
inaccuracy here affects all steps downstream and correct delin-
eation is necessary to produce a representative dose plan. Although
a lot of effort is being made to deliver the radiotherapy plan as
intended with good quality assurance, image guided radiotherapy
and immobilisation of the patient, delineation errors remain
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10 Interobserver variability in HNC target volume delineation
present during the entire treatment which could result in an insuf-
ficient radiotherapy dose to the TV or a higher dose to OARs.

International consensus guidelines for delineation of OARs in
the head and neck region were published in 2012 [10] after inter-
observer variability (IOV) had been shown [11]. International con-
sensus guidelines for delineation of the clinical target volume
(CTV) of the elective nodal neck (CTVe) have also been published
with a last update in 2013, aiming to reduce treatment variations
between clinicians [12–15]. The implementation and benefit of
these last guidelines however, has not yet been studied. For CTV
of the primary tumour (CTVp), no international consensus guideli-
nes were available until recently [16]. A Belgian initiative called
PROCAHN (PROject on CAncer of the Head and Neck) was launched
with as main objective to identify IOV in delineation of HNC and
the reasons for heterogeneity.
Materials and methods

Study design

1. Five HNC cases were randomly chosen to represent different
tumour and nodal stages and tumour sites. Post-operative
patients were excluded. A detailed description of each case
was given with a full description of clinical examination and
endoscopy, diagnostic imaging (MRI, CT, PET-CT) and biopsy
(Supplementary data 1). Patients underwent a planning CT scan
in the supine position with contrast prior to radiation. The CT
images were made on a multidetector-row spiral CT scanner
(Somatom Sensation Open, 40 slice configuration; Siemens
Medical Solutions, Erlangen, Germany). The acquisition param-
eters were: gantry un-angled, spiral mode, rotation time 1 s, 40
detector rows at 0.6 mm intervals, table speed 21.6 mm/rota-
tion (pitch = 0.9), reconstruction interval 3 mm at Kernel B30s
medium smooth and 120 kVp/230 mAs (ref quality mAs) with
CareDose4D. The matrix size was 512 � 512, with a pixel spac-
ing of 0.97 � 0.97 � 3.0 mm in the �, y and z directions, respec-
tively. Gross tumour volume of the primary tumour (GTVp) and
pathological lymph nodes (GTVn) were delineated under super-
vision of a senior radiation oncologist specialized in HNC (SN) to
restrict IOV evaluation to CTV delineation.

2. In February 2017, all 25 radiation oncology departments in Bel-
gium were invited to join this project. Participation was not
compulsory. Dedicated software (Aquilab Software, Lille,
France) was used to set up a secured network between the
assessing facility and each participating department. Planning
CT with delineated GTVp and GTVn was given. MRI and PET-
CT images were not made available as GTV was already delin-
eated and these imaging modalities were not necessary to
delineate CTV. CTVp, CTV of pathological lymph nodes, CTVe
and OARs had to be delineated by an experienced HNC radiation
oncologist.

3. An online survey enquired about the following: which guideli-
nes were used for delineation of CTVp and CTVe and if these
needed updating or clarification, which margins were used from
GTVp to CTVp and if and how CTVp was modified (Supplemen-
tary data 2).

4. The guidelines [12–15] were used to delineate a ‘golden stan-
dard’ for CTVe (CTVeGS) depending on the primary tumour site,
T and N stage.

Delineation agreement analysis

DICE similarity coefficient (DSC) was calculated because it is a
common and intuitive comparison metric. It is calculated by dou-
bling the overlap volume (Voverlap) and dividing this by the sum
of the two volumes (V1, V2).
DSC ¼ 2� Voverlap

V1 þ V2
Ideal value ¼ 1

DSC was calculated in a pairwise fashion between all centres for
CTVp and between centres and CTVeGS for CTVe, after which amed-
ian DSC was calculated per patient. In general, a value >0.6 (>0.8) is
considered (very) good [17] although clinical interpretation is diffi-
cult as DSC is more forgiving for the same absolute error for larger
volumes than smaller volumes. Therefore, additionally to DSC, pair-
wise Hausdorff Distance (HD) was also determined in order to com-
pare agreement in absolute terms, independent of volume.
Generalization of HD is used to measure the difference between
two representations of the same object by a certain distance [18].
HD50 and HD95 stand for the minimum distance between contours
so that respectively 50% and 95% of the delineated volume is within
this distance. For CTVp, HD was used to evaluate agreement of two
contours between centres and for CTVe to compare CTVeGS to the
delineations from the different centres. For clinical relevance, CTVe
volumes were subdivided into the different neck levels for compar-
ison in level selection with CTVeGS. Additionally, distribution of the
generalized HD was used to evaluate the geometrical disagreement
of the group of pairwise HD comparisons.

Results

Two radiation oncology departments could not take part in this
project because of technical reasons, whilst one centre could not
upload the delineations. Eventually, fourteen of the 22 remaining
centres (64%) responded to the questionnaire and uploaded at least
one patient. Eleven centres delineated all five cases leading to a
total of 62 submissions.
CTV primary tumour

Survey
Nine institutions confirmed using guidelines for CTVp although

these all differed. All institutions declared the use of concentrically
isotropic margins from GTVp to CTVp, with an adaptation for
anatomical boundaries like bone, air and soft tissue (14, 13 and 5
centres respectively). Thirteen centres responded that CTVp should
be modified according to primary tumour site. Thirteen centres
concluded that guidelines for delineation of CTVp were necessary
(Supplementary data 3).

Margins
Three centres delineated two CTVp volumes, namely a boost

(CTVpBoost) and prophylactic (CTVpProph) volume. CTVpBoost
was considered for analysis because this would be the volume
receiving the same dose as CTVp delineated by centres using only
one margin. The margin for CTVpBoost ranged from 5 to 8 mm. The
eleven remaining centres used one margin, ranging from 5 to
12 mm of which 10 mm was most common (7 centres) (Table 1).
The margins declared in the questionnaire sometimes differed
from the margins used, so for our evaluation, the latter were
considered.

Anatomical correction
In patient 1 all centres excluded air and bone (mandible, base of

skull, hard palate and vertebrae), four excluded the submandibular
gland (SMSG) and six excluded surrounding muscles and other soft
tissue barriers. One centre expanded CTVp anteriorly towards the
base of tongue. All centres excluded air in patient 2, ten excluded
bone (vertebra with/without hyoid bone), four excluded the SMSG
and nine excluded surrounding muscles and soft tissue. Four
expanded CTVp towards the soft palate or part of the mobile ton-
gue. In patient 3, nine of twelve centres excluded air and all



Table 1
Patient characteristics, margin and volume differences in CTVp per centre.

Patient 1
cT4bN0
Oropharynx
Stage IVb

Patient 2
cT2N3b
Oropharynx
Stage IVb

Patient 3
cT2N0
Supraglottis
Stage II

Patient 4
cT3N0
Larynx
Stage III

Patient 5
cT2N2b
Hypopharynx
Stage IVa

Nr. of centres 12 13 12 13 10
GTVp (cm3) 22.5 20.1 21.6 2.3 14.2

Centre Margin(mm) CTVp or CTVpBoost volume (cm3)
1 10 82.0 82.8 58.1 36.9 61.5
2* 8 (15) 69.7 – 53.8 12.6 –

3 10 118.3 72.7 94.5 46.4 68.3

4 8 71.8 58.3 63.4 14.3 45.3
5 10 79.2 84.6 145.3 66.1 72.5

6* 6 (10) 67.0 53.3 61.3 51.8 41.4

7 10 113.2 99.6 134.4 87.5 76.1
8 12 116.1 109.2 111.8 24.1 73.1

9 10 99.8 85.8 113.0 61.4 91.6
10* 5 (10) – 45.9 – 7.2 –

11 5 71.1 57.6 70.5 13.4 30.3
12 5 or 6 – 49.2a – 15.8 b –
13 10 107.0 97.0 76.2 – –
14 10 109.8 104.2 105.7 91.6 84.2

Median and range
Volume 90.9 82.8 85.3 36.9 70.4
DSC all centres 0.79

(0.67–0.92)
0.79
(0.59–0.93)

0.71
(0.53–0.90)

0.51
(0.15–0.90)

0.76
(0.49–0.91)

DSC 10mm 0.80
(0.70–0.90)

0.82
(0.63–0.92)

0.72
(0.53–0.88)

0.59
(0.24–0.82)

0.83
(0.75–0.91)

HD50 2.8
(1.1–5.3)

3.1
(1.0–6.6)

3.5
(1.2–6.4)

4.1
(0.7–11.9)

2.8
(1.6–5.5)

HD50 10mm 2.4
(1.4–3.2)

2.4
(1.2–3.3)

3.2
(2.1–6.3)

3.0
(1.9–4.4)

2.1
(1.6–3.1)

HD95 6.7
(4.1–12.8)

7.1
(3.3–14.0)

9.9
(4.2–32.9)

16.1
(3.0–30.0)

8.5
(4.9–15.2)

HD95 10mm 6.9
(4.8–11.5)

7.7
(5.3–11.7)

12.7
(4.5–31.2)

10.8
(6.4–18.2)

7.2
(5.2–12.1)

Smallest and largest volumes delineated per patient have been underlined. Volume is given in cubic centimetre (cm3) and HD in millimetre (mm). Analysis of only the centres
using a 10 mmmargin shows slight improvement of DSC and HD50. HD95 is also better in patients 4 and 5 but is worse in patients 1–3. This is probably due to modifications
to CTVp after expansion.
* two margins were used with in brackets the margin for CTVpProph.
a = 5 mm margin, b = 6 mm margin.
TNM staging is given according to the last TNM staging system, TNM8.

J. van der Veen et al. / Radiotherapy and Oncology 137 (2019) 9–15 11
excluded the vertebral body although more heterogeneity was
seen for the hyoid bone. Seven excluded the SMSGs and eight
excluded other soft tissue structures. Six centres expanded CTVp,
of which five delineated nearly the entire laryngeal organ and
one centre expanded CTVp to also include enlarged cervical nodes,
although these were not suspicious on diagnostic imaging. In
patient 4, six of thirteen centres delineated the entire laryngeal
organ of which only one removed intraluminal air, and two even
included the entire hyoid bone. One centre expanded CTVp to
include the contralateral side of the larynx too. The other six cen-
tres only made an isocentric expansion from GTVp to CTVp of
which four excluded air, two excluded the thyroid cartilage, three
excluded soft tissue and two made no modifications. All centres
excluded bone (vertebra and sometimes hyoid bone) in patient 5,
eight excluded air and six excluded surrounding muscles. Six cen-
tres extended CTVp further in different directions. Supplementary
Fig. 1 firstly shows the delineations for all 5 patients from all cen-
tres, secondly only delineations of the centres that used a 10 mm
expansion margin and lastly delineations according to the new
guidelines [16].

HD and DSC
Median DSC varied between 0.51 and 0.79, HD50 between 2.8

and 4.1 mm and HD95 between 6.7 and 16.1 mm (Table 1). There
was generally good agreement when looking at HD50 whilst
revealing outliers like patient 4 (small GTVp). Large differences
were seen in HD95, with up to 32.9 mm in patient 3. When only
considering centres that used a 10 mm margin, median DSC and
HD50 improved in all patients, although for HD95 this was not
the case. Fig. 1A shows the median HD distribution for all patients.
Up to HD75, the median HD remains under 5 mm for most
patients, followed by a steep increase.
CTV elective neck

Survey
All fourteen departments confirmed using delineation guideli-

nes for CTVe, whilst twelve explicitly referred to Grégoire et al.
[12–15]. Seven found that the guidelines would benefit from extra
clarification.

Level selection
In patient 1 no centre selected the same combination of levels

as CTVeGS and in patients 2 and 5 only three centres did. In
patients 3 and 4 this was better, with respectively ten and eleven
centres. In general, levels II-IV were selected bilaterally in all
patients, by all centres, except once. Regarding the other levels,
there was more heterogeneity (Table 2).
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Volumes
CTVeGS was always smaller than the median volume delineated

by the centres. Patients 2 and 5 had adenopathies, which explains
why these had the largest volumes. Supplementary Fig. 2 high-
lights the differences in neck level delineation for all patients.

HD and DSC
Median DSC ranged between 0.67 and 0.82, HD50 between 1.7

and 2.8 mm and HD95 between 6.1 and 19.2 mm, with a small
improvement when the same levels as CTVeGS were selected.
Median HD distribution for all 5 patients remained below 5 mm
up to HD80 for most patients, followed by a steep increase
(Fig. 1B).

Fig. 2 shows identical slices of patient 1 delineated by all insti-
tutions, which clearly shows the differences in CTVp and CTVe
delineation.

Discussion

With steeper dose gradients it has become possible to shape
the delivered dose tightly around the TV, thereby sparing
Table 2
Differences in CTVe neck level selection per patient and differences in volumes delineated

Patient 1 Patient 2

Total nr. of centres 11 13
GTVn (cm3) – 20.5

Nr. of centres who deli
Ipsilateral Ia 0 0

Ib 6 11
II 11 13
III 11 13
IV 11 13
V 0 10
VI 0 0

VIIa 7 8
VIIb 4 10

Contralateral Ia 0 0
Ib 1 3
II 11 13
III 11 13
IV 10 13
V 0 2
VI 0 0

VIIa 6 3

VIIb 2 1

Nr. of centres = CTVeGS 0 3
Nr. of centres with RR risk 5 7

Median and
Volume CTVeGS 117.8 168.9
Volume all centres 141.2

(113.7–215.2)
208.6
(183.5–258.2)

DSC all centres 0.75
(0.64–0.83)

0.76
(0.62–0.82)

DSC centres=CTVeGS – 0.78
(0.78–0.78)

HD50 all centres 2.0
(1.5–3.4)

2.0
(1.6–3.4)

HD50 centres=CTVeGS – 1.9
(1.9–2.0)

HD95 all centres 14.5
(7.7–24.1)

12.2
(6.7–20.2)

HD95 centres=CTVeGS – 7.72
(6.9–7.9)

The difference in number of centres that delineated the neck levels shows there is variabi
levels were delineated to create the ‘golden standard’ (CTVeGS) (underlined in table), to
delineated the same levels as CTVeGS, also showing how many centres missed neck l
centimetre (cm3) and HD in millimetre (mm). When superscript ‘centres = CTVeGS’ is u
CTVeGS. Abbreviations: GTVn: GTV nodes.
normal tissue and reducing toxicity but with an increased risk
of a geographical miss and a recurrence if the TV delineation
is not accurate. Although studies have shown that most recur-
rences in HNC occur in the GTV [5,6,19–21], delineating CTV
correctly remains important. Discussions on margin reduction,
CTVe dose reduction or CTVp dose escalation can only be
started when it has been shown how radiotherapy is actually
delivered. Every effort to reduce heterogeneity in delineation
should be made as this is the only way to pool multi-
centre data on outcome and morbidity, improve quality of
radiotherapy delivered and achieve a more uniform treatment
outcome.

The aim of this study was to investigate to which extend CTV
delineation guidelines are used in Belgium and if this results in
similar contours. It is clear from the survey that guidelines for
CTVp delineation were required because the guidelines mentioned
all differed from one another and 93% of centres felt that guidelines
were necessary. This is in contrast to CTVe guidelines which were
used by all centres and twelve referred to the guidelines from
Grégoire et al. [12–15]. Still, 50% found that these consensus guide-
lines needed clarification.
.

Patient 3 Patient 4 Patient 5

11 13 11
– – 8.1

neated neck levels
0 0 0
0 0 10

11 13 11

11 13 11

11 13 11
0 0 11
1 2 3
0 0 11
0 0 8
0 0 0
0 0 0

11 13 11

11 13 11

11 13 11
0 0 1
1 2 3
0 0 7

0 0 3

10 11 3
0 0 9

range
144.2 87.5 225.5
167.0
(134.9–268.9)

108.8
(78.4–199.1)

256.7
(215.7–421.3)

0.82
(0.64–0.89)

0.76
(0.56–0.85)

0.67
(0.59–0.82)

0.81
(0.64–0.89)

0.78
(0.69–0.85)

0.72
(0.71–0.82)

1.7
(1.5–3.1)

1.7
(1.2–2.8)

2.8
(2.0–3.7)

1.7
(1.5–3.1)

1.7
(1.2–2.6)

2.3
(2.0–2.4)

6.1
(4.8–26.1)

7.1
(5.8–25.3)

19.2
(9.8–25.7)

5.7
(4.8–14.2)

6.8
(6.0–11.6)

18.0
(16.7–18.4)

lity in neck level selection. Using the guidelines from Grégoire et al. [12–15] the neck
which DSC, HD50 and HD95 were compared. The table shows how many centres

evels, which could result in a regional recurrence (RR). Volume is given in cubic
sed, calculations are only done with the centres that delineated the same levels as



Fig. 1. Median Hausdorff distance for CTVp and CTVe for all patients. (A) The median Hausdorff distance of CTVp between centres is given. There is no significant difference
between patients. HD50 is for all 5 patients under 5 mm which means that half of the time, the distance between contours is less than 5 mm. Above HD75 there is an
exponential increase in median Hausdorff distance. The maximum difference (HD100) ranges from 11.9 mm (patient 2) to 23.7 mm (patient 4). (B) This shows median
Hausdorff distance of CTVe that centres delineated compared to CTVe delineation according to the guidelines of Grégoire et al. (CTVeGS) [12–15]. There is no significant
difference between the patients. HD50 is for all 5 patients under 5 mm. Above HD80 there is an exponential increase in median Hausdorff distance with a maximum
difference (HD100) ranging from 15.7 mm (patient 3) to 45.6 mm (patient 1).
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The lack of CTVp guidelines was reflected in several ways.
Firstly, eleven centres used one expansion margin and three u-
sed two margins, which would correspondingly receive different
radiation doses. Expansion margins also varied (5–12 mm)
although 10 mm was most common. The margins the centres
declared they used in the questionnaire sometimes differed from
the margins actually used in the delineations. This could have
occurred by mistake or there could be a difference in theoretical
and practical knowledge of delineation. However, a difference in
expansion margin alone cannot explain the observed IOV because
DSC and HD50 for centres using a 10 mm margin only improved
slightly, and HD95 did not improve for all patients. This brings us
to the second reason for IOV. Although thirteen centres answered
that they adapted CTVp according to tumour site, for example, to
compensate for submucosal spread, this was not always performed
and also differed strongly (Supplementary Fig. 1B, E, H, K, N). Such
inconsistencies were observed in all patients but were particularly
present in patient 4 as half of the centres directly delineated the
entire laryngeal organ instead of using an expansion margin.
Another example is extension to the base of tongue in patient 1
by one centre and in patient 5, six centres extended CTVp beyond
geometrical expansion, probably because submucosal expansion is
known in hypopharyngeal tumours [22]. Furthermore, correction
for anatomical boundaries was done inconsistently concerning
the hyoid bone, thyroid cartilage, SMSGs, other soft tissue bound-
aries and even intraluminal air (e.g. no or in-air safety margin
around GTVp). Only vertebrae were consistently excluded. We
expect less IOV with the new delineation guidelines as they clearly
explain when these structures can be omitted. Overall, not exclud-
ing regions where this would be safe, could cause an increase in
toxicity, whereas excluding or missing required volumes could
result in a geographical miss. In our investigation median HD50s
were smaller than 5 mm in all patients with an exponential
increase above HD75 for most patients, corresponding well to the
clinical observation of differences in modification of CTVp, which
leaves room for improvement.

Regarding CTVe, even with (assumedly) same guidelines used,
0, 3, 10, 11 and 3 centres agreed with CTVeGS for patients 1–5
respectively. On the one hand, there is risk of a regional recurrence
(RR) if the necessary neck levels are not included. These results
were very disappointing with about half of centres failing to delin-
eate the necessary levels in patient 1 and 2 and even nine of eleven
centres in patient 5. In patients 3 and 4 all the required levels were
selected. On the other hand, if neck levels are delineated while this
is not required, this could cause unnecessary toxicity such as addi-
tional xerostomia and mucositis for level Ib, skin fibrosis for level
V, dysphagia for level VI and xerostomia and dysphagia for level
VII. Also, inaccuracy of delineations caused IOV such as exclusion
of the SMSGs from level Ib, difference in the posterior border of
level V and heterogeneity in delineation of levels VIIa and VIIb. A
reason for this varying level selection and delineation could be a
misinterpretation of the available guidelines, negligence or con-
scious adaptation according to the radiation oncologist’s clinical
experience.

Other studies have also shown variability in HNC CTV delin-
eation. Pettit et al. [23] distributed questionnaires to UK head
and neck oncologists in 2010 and showed significant differences
in CTVp construction with the use of anatomical and/or geometri-
cal margins. Hansen et al. [24] recently showed more uniform
CTVp delineations with the introduction of concentric geometric
expansion in the Danish HNC guidelines compared to an anatomi-
cal expansion. Their patient (T2N2b oropharynx cancer) was simi-
lar to our patient 2 and they reached a median DSC of 0.88, which
is better though comparable to the DSC we found (0.82) for centres
only using a 10 mm margin. Hansen et al. and our study show that
even though the same margin was applied, after modification for
primary tumour site and anatomical boundaries, this still resulted
in different contours, as is demonstrated with DSC < 1. This finding
underlines the importance of clear instructions for modification of
CTVp that takes into account patient anatomy, which are offered
by the new guidelines [16]. Hong et al. [25] published a study on
global IOV in CTV delineation between 20 HNC radiation oncolo-
gists. Their reference case (T2N1 oropharyngeal tumour) was com-
parable to our reference patient 2. Differences with our study are
that it was completed before the new CTVe guidelines [15] were
available, radiation oncologists used different CTVe guidelines
and our study compared CTVe to a ‘golden standard’. Similarities
between our two studies were identical and good coverage of ipsi-
lateral levels Ib, II and III (85–100%), whereas ipsilateral level V
showed heterogeneity in both studies (65 and 77%). Hong et al.
had better results for ipsilateral level VIIa (95 vs 62%) whilst our
study had better results for contralateral levels II and III (100 vs
60–80%). All other levels showed similar heterogeneity. These
results indicate that implementation of guidelines does not suffice
to reduce delineation variability. Several ways in which this could
be improved are further clarification of existing guidelines, joint



Fig. 2. Target volumes delineated by eleven centres and an example according to the guidelines. This figure shows the differences in CTVp delineation and CTVe level
selection and delineation for patient 1, T4bN0 oropharyngeal cancer. GTVp was given (red). CTVp and CTVpBoost are delineated in yellow and CTVpProph in green. CTVe is
delineated in blue. Notice the heterogeneity in delineated volumes for this tumour. Two centres delineated two CTV primary volumes. Five centres delineated ipsilateral level
Ib, one also delineated contralateral level Ib and five delineated neither. At the bottom right (L), the delineations are shown according to the CTVe guidelines and the newly
published CTVp guidelines, from Grégoire et al. [12–16]. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)
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delineation review sessions and systematic training in the form of
online educational platforms like FALCON (Fellowship in Anatomic
deLineation and CONtouring) which is an educational ESTRO
(European SocieTy for Radiation and Oncology) project [26].

Strengths of our study are inclusion of the survey as well as a
high response rate (64%) of experienced HNC radiation oncologists.
Furthermore, the selected cases reflected daily practice and
revealed differences in CTVp and CTVe. CTVeGS was delineated
using the consensus guidelines [12–15] which has not been done
before and which allowed the levels most at risk of a RR to be high-
lighted. Alternatively, the effect of the publication of the CTVp
guidelines [16] on IOV can be evaluated during a follow-up study
because these were not available at the time of this study. GTVp
was provided so that pure CTVp variation could be determined
as it has been shown that GTVp delineation also shows significant
IOV [27,28]. Had GTVp not been given then IOV in CTVp would
have been even larger. This however, might also have underesti-
mated IOV together with other factors that could cause therapeutic
variability such as differences in planning target volume (PTV)
margins, dose prescription and systemic therapy. As participation
was not compulsory our results could suffer from response bias.
Participating specialists may be used to partaking in trials and fol-
low guidelines strictly, consequently also underestimating IOV
[29]. Another limitation may be the use of DSC because it is volume
dependent and a clear cut-off value discriminating a good from a
poor value is unknown. Therefore HD, an absolute distance based
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agreement measure, was added. Although DSC and HD improved
when the same margins were used or if the same neck levels were
selected, clinical relevance of this improvement still has to be
shown. Finally, dosimetric comparisons would have been interest-
ing but could not be performed due to too many unknown vari-
ables such as PTV margins and prescribed dose.

In conclusion, even though the first step to reducing delineation
heterogeneity is implementation of guidelines, this study high-
lights that this does not suffice as was demonstrated with incorrect
level selection despite implementation of international consensus
guidelines. CTVp delineations were also heterogeneous although
we expect improvement if consensus guidelines are implemented.
The ultimate goal is to improve the quality of radiotherapy deliv-
ered, reduce therapeutic variability, take advantage of more pre-
cise delivery techniques and pool multicentre data.
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