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ARTICLE INFO ABSTRACT
Keywords: Background: During the last decade, radiotherapy using MR Linac has gone from research to clinical imple-
Inter-observer variation mentation for different cancer locations. For head and neck cancer (HNC), target delineation based only on MR

Target delineation
Head and neck cancer
MRI

images is not yet standard, and the utilisation of MRI instead of PET/CT in radiotherapy planning is not well
established. We aimed to analyse the inter-observer variation (IOV) in delineating GTV (gross tumour volume) on
MR images only for patients with HNC.

Material/methods: 32 HNC patients from two independent departments were included. Four clinical oncologists
from Denmark and four radiation oncologists from Australia had independently contoured primary tumour GTVs
(GTV-T) and nodal GTVs (GTV-N) on T2-weighted MR images obtained at the time of treatment planning. Ob-
servers were provided with sets of images, delineation guidelines and patient synopsis. Simultaneous truth and
performance level estimation (STAPLE) reference volumes were generated for each structure using all observer
contours. The IOV was assessed using the DICE Similarity Coefficient (DSC) and mean absolute surface distance
(MASD).

Results: 32 GTV-Ts and 68 GTV-Ns were contoured per observer. The median MASD for GTV-Ts and GTV-Ns
across all patients was 0.17 cm (range 0.08-0.39 cm) and 0.07 cm (range 0.04-0.33 cm), respectively. Me-
dian DSC relative to a STAPLE volume for GTV-Ts and GTV-Ns across all patients were 0.73 and 0.76, respec-
tively. A significant correlation was seen between median DSCs and median volumes of GTV-Ts (Spearman
correlation coefficient 0.76, p < 0.001) and of GTV-Ns (Spearman correlation coefficient 0.55, p < 0.001).
Conclusion: Contouring GTVs in patients with HNC on MRI showed that the median IOV for GTV-T and GTV-N
was below 2 mm, based on observes from two separate radiation departments. However, there are still specific
regions in tumours that are difficult to resolve as either malignant tissue or oedema that potentially could be
improved by further training in MR-only delineation.
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1. Introduction

Radiotherapy is the primary treatment modality for most patients
with loco-regionally advanced head and neck carcinomas (HNC) [1-4].

Treatment planning and delivery of radiotherapy (RT) for head and
neck carcinoma (HNC) have become technically advanced [1,5,6]. The
first step in planning treatment is pivotal: to identify the macroscopic
extension of the local primary gross tumour volume (GTV-T) and
regional gross tumour volume in lymph nodes (GTV-N) disease. This is
traditionally performed on computed tomography (CT) images since
historically CT images are used as the planning system reference. The
need to optimally identify the primary tumour volume calls for addi-
tional functional and morphologic imaging modalities to support and
complement the use of CT for optimising the target identification [7-9].

Magnetic resonance imaging (MRI) has become important in radio-
therapy due to its superior soft-tissue contrast that enables tumour vis-
ualisation as well as organs at risk (OAR) localisation at different sites
[10-12]. MRI in the head and neck (HN) region is valuable for most
tumour subsites and the separation of tumour from OARs [12,13]. For
these reasons, registration of either a dedicated planning MRI scan or a
diagnostic MRI scan with planning CT images is often used in clinical
practice to aid more accurate tumour delineation.

Technical evolution in radiotherapy delivery has recently enabled
the combination of a linear accelerator and MR scanner (MR-Linac),
where both planning and treatment can be performed using MRI as a
reference [14]. MR-guided treatment is implemented in several centres
using an MR-Linac [15-17], however, there are still problems to be
solved (e.g. treatment time in fixation masks, definite contouring
guidelines, the real benefit of treatment in MR Linac concerning the
reduction of RT doses to many organs at risk; human resources) before
MR-adapted treatment can be routinely implemented in clinical practice
[12,18,19].

One of the acknowledged uncertainties in identifying the GTV is the
divergence between contours of different observers, also called inter-
observer variance (IOV). The heterogeneity of contouring the same
volumes on CT image datasets in the HN region has previously been
investigated [20-24], indicating that IOV may influence treatment
outcomes negatively [25]. However, the inter-observer variation in GTV
target delineation using only MRI is not well known, and only a few have
looked at this [19]. Thus, there is a need to improve the understanding of
the inter-observer variation of GTV delineations, particularly when pa-
tients with HNC are planned for and treated on an MR-Linac, where all
imaging is MR-based.

This study aims to assess the interobserver variability of oncologists
in identifying the primary tumour (GTV-T) and nodal (GTV-N) GTV of
HNC patients on MRI.

2. Materials and methods
2.1. Patient selection

Thirty-two patients with stage II-IV (TNM 7TH edition) HNC in the
oral cavity, oropharynx, hypopharynx, or larynx were prospectively
enrolled between 2016 and 2017. The patients were enrolled in one of
two studies: "Outcome prediction of radiotherapy based on MR bio-
markers” at Odense University Hospital, Denmark [26], and “Evaluation
of the Role Of Magnetic Resonance Imaging (MRI) in Mucosal Primary
Head and Neck Cancer” at Liverpool & Macarthur Cancer Therapy
Centres, Sydney, Australia [27]. The cohort consisted of 17 Danish pa-
tients and 15 Australian patients. All patients had histologically-proven
local or loco-regionally advanced HNC (Table 1); they were planned to
receive IMRT with or without supplementary systemic treatment using
national guidelines [28], or if indicated by individual treatment de-
cisions. Patients treated in Denmark predominantly received mainly
moderately accelerated radiotherapy (6 weekly fractions) supplemented
with radiosensitiser, whereas Australian patients were treated with five
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Table 1
Patients’ characteristics in two treatment centres.

Patients from Denmark Patients from Australia

(n=17) (n=15)
Sex:
Male 13 14
Female
Primary tumour:
Larynx 4 4
Pharynx 12 11
Oral cavity 1 0
T-classification (TNM 7th edition):
1-2 14 6
3-4 3 9
N status:
NO 2 4
N+ 15 11
Treatment dose (Gy)/fractions (fx):
66-68 Gy/33-34fx 17 14
70Gy/35fx 0
Fractionation (fx/week):
Conventional (5/ 1 11
week)
Altered (6 or 10/ 16 4
week)
Systemic treatment :
None 10 4
Chemotherapy 7 11

fractions per week (Table 1).

In Denmark, MRIs were acquired on a 1.5 T Philips Ingenia (Philips
Medical Systems BV, Best, The Netherlands). Patients were positioned in
the treatment position without a fixation mask to accommodate the use
of the dedicated head and neck coil [26]. Both the T1 weighted (w) and
T2w MR images were acquired with voxel size 0.9 x 0.9 x 3 mm®.

In Australia, patients were scanned on a 3 T Siemens Skyra (Siemens,
Erlangen, Germany). Scans were acquired without a fixation mask, using
a 20-channel head and neck coil. Axial T2w and T1w Dixon water-only
scans were used in the present study, with voxel size 0.9 x 0.9 x 3 mm°>
and 0.98 x 0.98 x 3 mm?, respectively.

2.2. Target volume delineation

Four senior clinical oncologists from Denmark and four radiation
oncologists (two senior and two junior) from Australia with experience
in contouring HN patients contoured primary tumour GTV (GTV-T) and
nodal GTV (GTV-N) on MRI datasets for all 32 patients. All contours
were completed separately, such that contours from other oncologists
were blinded.

For each patient, clinicians were provided with 1) synoptic report
including clinical examination findings, TNM stage and diagnostic im-
aging reports such as PET/CT, MRI and/or ultrasound, and 2) contour-
ing protocol based on the validated guidelines for tumour delineation in
HN region on MRI [29,30]. Clinicians independently contoured GTV-T
and GTV-N(s). For MRI-based contours, T1w without Gd-contrast and
T2w images were available and inherently co-registered. To focus the
study on inter-observer variation assessment rather than the question of
diagnosis, one clinical oncologist (RZ) reviewed the planning CTs and
identified the relevant GTV_Ns for delineation with a point marker.

Contouring was performed on treatment planning systems available
within the observer’s institution. Three observers used Pinnacle v14.0
(Philips, Fitchburg, WI, USA), and five observers used MIM (MIM Soft-
ware Inc., Cleveland, OH).

Clinician contours and the data sets were exported as DICOM-RT files
to MIM, where the contour variation analysis was performed.

2.3. Contouring agreement analysis and statistics

To assess the IOV, a simultaneous truth and performance level
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estimation (STAPLE) volume was determined for each volume using
MIM. STAPLE is an algorithm, which takes a collection of delineations
on an image, and computes a probabilistic estimate of the “true” contour
based on expectation-maximisation [31].

The STAPLE volume was computed from all eight observers’ vol-
umes. Inter-observer contouring variations were assessed using two
contouring variation metrics, DICE Similarity Coefficient (DSC) and
mean absolute surface distance (MASD). An overlap-based DICE Simi-
larity Coefficient is a statistical measure of spatial overlap between two
volumes, and it is defined as 2x intersection volume divided by the sum
of the two delineated volumes. Dice ranges in value from 0 (no overlap)
to 1 (perfect overlap) [32]. MASD (Mean Surfaced Distance) is the
average geometrical distance of the per voxel shortest distance between
two surfaces, ideally zero millimetres [33]. The STAPLE volume was
used as the reference volume for both these metrics for each GTV-T and
GTV-N.

Descriptive statistics to define the means and standard deviations
(std) for DSC and MASD for all contours were performed in MATLAB.
The correlation between GTV-T and GTV-N with the STAPLE volumes
was assessed using the Spearman correlation coefficient for both DSC
and mean surface distance.

4. Results

The majority of the 32 HNC were in the oropharynx (n = 20), mainly
loco-regionally advanced. Patient characteristics are shown in Table 1.
Differences between the two centres were observed for T-status, use of
accelerated treatment, and administration of chemotherapy. An equal
number of patients (n = 6) in each centre had oropharyngeal HPV p16
positive tumours. Two patients with oropharyngeal carcinoma under-
went diagnostic tonsillectomy, and for one patient with laryngeal car-
cinoma, a partial tumour excision was performed before radiotherapy.

A total of 32 GTV-Ts and 68 GTV-Ns were contoured by each
observer. The number of GTV-Ns ranged between zero and nine per
patient.

Across the eight observers, the mean GTV-T volume for all patients
was 12.1 cm® (range 0.68-44.1), and the mean GTV-Ns volume was 4.8
em? (range 0.09-46.9).

The median MASD for GTV-Ts and GTV-Ns across all patients was
0.17 cm (range 0.08-0.39 cm) and 0.07 cm (range 0.04-0.33 cm),
respectively (Fig. 1 A and B). A negative correlation was observed be-
tween the median MASD and median volumes of GTV-Ts (Spearman
correlation coefficient —0.5, p = 0.01). The correlation between median
MASD and median volumes of GTV-Ns was not statistically significant.

Median DSC relative to a STAPLE volume for GTV-Ts and GTV-Ns
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across all patients was 0.73 (range 0.53-0.86) and 0.76 (range
0.51-0.94), respectively. Examples in Fig. 2 represent the lowest (A) and
the highest (B) DSC for GTV-Ts and GTV-Ns, respectively. A significant
correlation was seen between median DSCs and median volumes of GTV-
Ts (Spearman correlation coefficient 0.76, p < 0.001) and of GTV-Ns
(Spearman correlation coefficient 0.55, p < 0.001). Box plots for
DSCs/MASD and volumes of GTVs are presented as Supplementary 1A
and 1B.

5. Discussion

The use of MR-guided RT has evolved worldwide in recent years with
more centres gaining access to MRI and the use of MR treatment systems
for daily cancer treatment, including HNC [16,18,34]. Inter-observer
variability in tumour delineation on CT image datasets is apparent
despite existing international guidelines [21,23]. In this study, we aimed
to assess inter-observer variability in GTV delineations for HNC on MRI
by eight oncologists and found a median agreement for GTV-T among
observers well within the typical PTV margins (3 mm) for HNC [35] and
even better for GTV-N; however, a few large outliers were identified.

Previous studies assessing IOV in GTV delineation for HNC were
performed using different imaging modalities and using diverse mea-
surements/metrics, hence a direct comparison to this study should be
done with caution [36-38]. However, a group of researchers repre-
senting MR-Linac Consortium Head and Neck Tumor Site Group, and the
Joint Head and Neck Radiotherapy-MRI Development Cooperative had
recently submitted a paper representing a similar aim as we and using
similar methodologies [19]. In the present study, we chose to use DSC
and MASD. The DSC is by no means a perfect measure, however, it is still
the most reported metric in contouring variation studies and therefore
useful for comparison purposes. The MASD has become the new stan-
dard, as the clinical interpretation is more straightforward [39]. Both
metrics are considered relative to the STAPLE volume. However, it
should be noted that the STAPLE volume is unlikely to provide the actual
pathological ground truth [19,31,40,41], but does provide the most
consistent approach for determining a ground truth across datasets and
studies.

We found that mean DSC and MASD for GTV-Ns were closer to
optimal (mean DSC 0.76; MASD 0.11 cm) than for GTV-Ts (mean DSC
0.72; mean surface distance 0.19 cm), likely due to smaller GTV-N
volumes than GTV-Ts. This might also be related to the fact that it is
often easier to identify the boundaries of nodal volumes due to their
capsule than primary tumour volumes that tend to grow infiltratively. In
this study, it is also important to note that a marker was placed towards
the centre of the nodes to show which nodes should be delineated. As the
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Fig. 1. A: Mean absolute surface distance relative to a STAPLE volume for GTV-Ts across 32 patients among 8 observers; B: Mean absolute surface distance relative to

a STAPLE volume for GTV-Ns across 32 patients among 8 observers.
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Fig. 2. A: The highest DSC for GTV-Ts, B: The lowest DSC for GTV_Ts, C: The highest DSC for GTV-Ns, D: The lowest DSC for GTV-Ns Contours in red: volumes by 8
observers; contours in blue STAPLE volume A and C: T1w Dixon water-only MRI; B and D: T2 weighted MRI. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)

volumes are small, this may also have contributed to greater consis-
tency. For the large GTV-Ns, this capsule boundary became less clear
and the contouring variation increased. The uncertainties in GTV-N
delineation were mainly related to the patients with three or more
lymph nodes that appeared as a conglomerate on some slices; or if one
lymph node started on adjacent slices. There were four patients with
mean DSC for GTV-T under 0.5. Two of these GTV-Ts were the tonsillar
fossa after tonsillectomy, which is often hard to visualise, especially
after surgery, and interpretation can vary. Another patient, shown as
number 1 in Supplementary 1A, may be considered a real outlier. The
patient had a residual vocal cord tumour after the surgery, but the
contour of one observer was very different from the STAPLE contour, not
even on the same MR slices as other volumes, hence no overlap at all.
The study design was aimed to avoid this; however, even with the
tumour site specified, post-operation tumour delineation can be
difficult.

Previous work looking at inter-observer variation for HNC has
focused mainly on comparisons between modalities, particularly be-
tween CT and MRI. Cardoso et al. analysed IOV between four observers
delineating ten GTVs of head and neck cancer patients on CT/PET, CT/
PET/T2W and CT/PET/T2W/DWI image sets. The highest DSC was
observed for GTVs delineated on CT/PET (DSC 0.73), whereas the GTV
DSC amongst observers for CT/PET/T2W was 0.71 and CT/PET/T2W/
DWI - 0.69 [40], which is similar to the results of our study. The volumes
using the MRI sequences rather than CT/PET alone were thought to
show greater inter-observer variation because of indistinct boundaries at
the edges of the delineation volumes. In 2005, Geets et al. published an
analysis of IOV of GTV delineations on CT and MRI. Five observers, both
radiation oncologists and radiologists, delineated 20 pharyngeal/
laryngeal GTVs. Similar to the present study, observers were introduced
to the delineation guidelines and used similar MRI sequences. No sig-
nificant difference in tumour volumes was observed between five ob-
servers contouring the same GTVs on MRI [42]. Ten years later, Jager
et al. analysed the IOV between three observers delineating laryngeal
carcinomas using CT and MRI with gadolinium. Here, the GTV volumes
were larger for CT-MRI than for CT alone. Furthermore, adding MR-
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images to CT showed a decrease in interobserver agreement (using
conformity index) compared to the interobserver agreement of the CT-
only delineation session. The authors concluded that increased inter-
observer agreement and accurate GTV visualisations can only be ach-
ieved when clear guidelines for interpretation and delineation on MRI
are present [24]. Such guidelines can only be present from the studies
where histopathology is used as a gold standard in comparison to
delineated GTVs [8,22,29,43]. The most recent work by Cardenas et al.
points out a similar need in MR-based delineation guidelines and
training in contouring on MRI only. 26 clinicians from 7 countries
contoured both GTVs, CTVs and different organs at risk for 4 patients
with oropharyngeal cancer as a part of the MRLinac Consortium Head
and Neck Tumor Site Group prospective technical benchmarking eval-
uation (R-IDEAL Stage 0) of human segmentation performance. Similar
metrics were used as in the present study but were calculated using both
pair-wise and STAPLE approaches. Using the STAPLE algorithm, the
MSDs for four GTV-Ts were 1.1, 2.2, 2.2, 2.1 mm, and for two GTV-Ns
they were 6.2 and 0.8 mm compared to median MSAD for GTV-Ts and
GTV-Ns of 1.7 and 0.7 mm, respectively, in our study. The authors
concluded that there is substantial variability between observers’
delineation [19] and, similarly to clinicians in our study, argued the
need for supplementary information from the other imaging modalities
such as PET/CT. However, the observers agreed on invaluable infor-
mation gained from the description of clinical examinations that is
highlighted by other authors [44].

The inclusion of patients in this study was based on two separate
projects from Australia and Denmark [26,27]. The patients presented
with cancers in different head and neck regions. The majority of patients
had pharyngeal malignancies, where MRI traditionally is more used
than in the delineation process for laryngeal cancers. The different
institutional traditions and possibilities resulted in differences between
cohorts; besides the primary aim of projects from where patients were
chosen was radiomics features and their analyses. Hence, the geometry
was not of the same importance as that would be in the primary delin-
eation study. The inclusion criteria for both studies did not require
intravenous contrast or a fixation mask, and only two MRI sequences,
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T1w and T2w, were used. These three factors may have an undesirable
influence on the results. Performing MR with intravenous contrast
would potentially improve the identification of cancerous tissue in the
head and neck region and is preferred and recommended to identify
tumour volume [12,13]. Some internal motion related to swallowing
and respiration in the head and neck region is unavoidable. However,
without an immobilisation mask, further patient movement is likely to
influence the sharpness of images [12,29]. On the other hand, the lack of
immobilisation can allow for dedicated Head and neck MR coils, which
improves the image quality. Concerning the MRI sequences, T1w and
T2w were used, to enhance tumour and normal tissue contrast [12]. In
terms of the history of why sequences were chosen, they were found to
be acceptable at the time, and the contrast was avoided where possible,
given that the plan was to do multiple scans throughout treatment; it
was patient recruitment for the serial scans, also an argument for more
consistency for the radiomics where the aim was to duplicate scans.
However, with only these two MRI sequences, it can still be difficult to
distinguish between the heterogeneous signal intensity of the tumour
versus the surrounding tissue as well as a peritumoral inflammation
potentially mimicking neoplastic invasion in tumours [8,22]. Diffusion-
weighted MRI, which can express high signal intensity with cancerous
tissue, is not considered in this study, and could be considered to sup-
plement the target with T1w and T2w sequences [12,40]. However, the
DWI has known problems with geometric accuracy and should be used
to identify the malignancy but not be used to delineation.

Implementation of MR guided treatment is still in its early stage
despite increasing knowledge for some specific anatomical regions,
where there are now clear indications [45,46]. The indications to treat
cancer patients using MRLinac often are directed to the locations where
the soft tissue contrast by the real-time MR guidance provides better
opportunities for safe high precision RT with optimal sparing of healthy
tissues. An example of prostate cancer is very appropriate: compared to
CBCT, onboard MRI can potentially reduce the daily uncertainties in
identifying the interface between the posterior part of the gland and the
anterior rectal wall or between the prostate apex and penile bulb. But
since all the stages in treatment using MRLinac result in a quite pro-
longed time period, lasting approx.30 min or more, patient inclusion is
still a considerable issue and not all patients can be treated despite good
indications.GTV changes during a long treatment period, as well as the
possibility to decrease actual delivered dose to organs at risk, may justify
the use of MR Linacs for some head and neck cancer patients despite long
total treatment times [12,18,46,47]; however, these aspects are outside
of the scope of this paper. Moreover, guidelines and additional training
are needed to improve the consistency of target delineation for the
clinical introduction of adaptive radiotherapy based on MRI [19].

HN cancer recurs mainly locally and/or loco-regionally. From the
perspective of this study, understanding contouring variations and
considering this with respect to the site of relapse may allow oncologists
to determine whether the region of contour variation is the region of
relapse. This may advance knowledge as to whether tumour biology is
the driving force behind the pattern of failures rather than the variation
between physicians [48,49]. Understanding contouring variation for
MRI for HNC is also necessary to support understanding in considering
the evolving knowledge and use of radiomic features on images that
have demonstrated potential for predicting tumour response to treat-
ment both on CT and MR images [12,50].

In conclusion, the IOV was found to be on average below 2 mm
MASD for primary and nodal disease in head and neck cancer patients
between eight observers using MRI alone. For a few patients, significant
IOV was found, mainly related to large tumours with unclear boundaries
or post-operative conditions. This suggests a need for targeted guide-
lines, training and contouring quality assurance before MR-based
treatment becomes a standard.
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