
Research Article

A Pilot Study Evaluating the Effectiveness of Dual-Registration
Image-Guided Radiotherapy in Patients with Oropharyngeal Cancer

Simon Goldsworthy, MScab*, Marcus Leslie-Dakers, BSca, Steven Higgins, BSca, Terri Barnes, BSca,
Petra Jankowska, MDa, Sanja Dogramadzi, PhDc and Jos M. Latour, PhDde

aRadiotherapy, Beacon Centre, Musgrove Park Hospital, Taunton and Somerset NHS Foundation Trust, Taunton, UK
b Faculty of Health and Applied Sciences, University of the West of England, Bristol, UK

cBristol Robotics laboratory, University of the West of England, Bristol, UK
dClinical School, Musgrove Park Hospital, Taunton and Somerset NHS Foundation Trust, Taunton, UK

e School of Nursing and Midwifery, Faculty of Health and Human Sciences, Plymouth University, Plymouth, UK

ABSTRACT

Purpose: The purpose of the article was to determine the impact of
Dual Registration (DR) image-guided radiotherapy (IGRT) on clin-

ical judgement and treatment delivery for patients with oropharyn-
geal cancer before implementation.

Methods: Ninety cone beam computed tomography images from 10
retrospective patients were matched using standard clipbox registra-
tion (SCR) and DR. Three IGRT specialist radiographers performed

all registrations and evaluated by intraclass correlation to determine
inter-rater agreement, Bland-Altman with 95% limits of agreement
to determine differences between SCR and DR procedures, changes

in clinical judgment, time taken to perform registrations, and radiog-
rapher satisfaction.

Results: Inter-rater agreement between radiographers using both SCR
and DR was high (0.867 and 0.917, P � .0001). The 95% limits of
agreement between SCR and DR procedures in the mediolateral, cra-
nial–caudal, and ventrodorsal translational directions were �6.40 to

þ4.91, �7.49 to þ6.05, and �7.00 to þ5.44 mm, respectively.
The mediolateral direction demonstrated significant proportional
bias (P � .001) suggesting non-agreement between SCR and DR.

Eighty percent of DR matches resulted in a change in clinical judge-
ment to ensure maximum target coverage. Mean registration times for
SCR and DR were 94 and 115 seconds, respectively, and radiogra-

phers found DR feasible and satisfactory.

Conclusion: The standard method using SCR in patients with

oropharyngeal cancer underestimates the deviation in the lower
neck. In these patients, DR is an effective IGRT tool to ensure target
coverage of the inferior neck nodes and has demonstrated accept-

ability to radiotherapy clinical practice.

R�ESUM�E

But : D�eterminer l’incidence de la radioth�erapie guid�ee par imagerie
(IGRT) �a double registration sur le jugement clinique et l’adminis-

tration du traitement pour les patients avec un cancer oropharyng�e
avant la mise en œuvre.

M�ethodologie : Quatre-vingt-dix images de TDM �a faisceau con-
ique ont �et�e appari�ees en utilisant une registration « clipbox »
standard (SCR) et la double registration. Trois radiographes

sp�ecialis�es en radioth�erapie guid�ee par imagerie ont effectu�e toutes
les registrations et proc�ed�e �a l’�evaluation par corr�elation intra-
classe afin de d�eterminer l’accord entre les noteurs. Ils ont

�egalement utilis�e les graphiques de Bland Altman avec une limite
d’accord �a 95% pour d�etecter les diff�erences entre les m�ethodes
SCR et DR, les changements dans le jugement clinique, le temps
requis pour effectuer la registration et le degr�e de satisfaction du

radiographe.

R�esultats : L’accord entre les noteurs chez les radiographes qui uti-

lisent les deux m�ethodes (SCR et DR) �etait �elev�e (0,867 et 0,917
P � 0,0001). La limite d’accord �a 95% entre les deux proc�edures
dans les directions m�ediolat�erales, crâniale caudale et ventru-

dorsale �etait respectivement de �6,40 �a þ4,91, �7,49 �a þ6,05 et
�7,00 �a þ5,44 mm. La direction m�ediolat�erales affichait un biais
proportionnel significatif (P � 0.001), ce qui semble indiquer une

absence d’accord entre les m�ethodes SCR et DR. Quatre-vingt
pour cent des correspondances DR ont entrâın�e un changement de
jugement clinique pour assurer une couverture maximale de la cible.

Le temps de registration moyen pour les m�ethodes SCR et DR �etait
respectivement de 94 et 115 secondes et les radiographes ont jug�e la
m�ethode DR faisable et satisfaisante.

Conclusion : La m�ethode standard utilisant l’approche SCR pour les
patients avec un cancer oropharyng�e sous-estime la d�eviation de la

partie inf�erieure du cou. Pour ces patients, l’approche DR devient
un outil IGRT efficace pour assurer la couverture de la cible pour
les ganglions de la partie inf�erieure du cou, et son acceptabilit�e
dans la pratique clinique de la radioth�erapie a �et�e d�emontr�ee.

* Corresponding author: Simon Goldsworthy, MSc, Beacon Centre, Mus-

grove Park Hospital, Taunton and Somerset NHS Foundation Trust, Parkfield

Drive, Taunton TA1 5DA, UK.

E-mail address: simon.goldsworthy@tst.nhs.uk (S. Goldsworthy).

1939-8654/$ - see front matter � 2017 Canadian Association of Medical Radiation Technologists. Published by Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.jmir.2017.09.004

Journal of Medical Imaging and Radiation Sciences 48 (2017) 377-384

Journal of Medical Imaging 
and Radiation Sciences

Journal de l’imagerie médicale
et des sciences de la radiation

www.elsevier.com/locate/jmir

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:simon.goldsworthy@tst.nhs.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmir.2017.09.004&domain=pdf
https://doi.org/10.1016/j.jmir.2017.09.004
https://doi.org/10.1016/j.jmir.2017.09.004
http://www.elsevier.com/locate/jmir


Keywords: Dual registration; critical structure avoidance; multiple regions of interest; stability; reproducibility; systematic and random errors; head and neck

radiotherapy

Introduction

Accurate localization of soft tissue volumes is vital for the effec-
tive delivery of radiotherapy in patients with oropharyngeal
cancer. There have been many advances in image-guided radio-
therapy (IGRT) [1], including cone beam computed tomogra-
phy (CBCT). The practice of using CBCT for IGRT allows
tumour volumes to be precisely localized and avoid healthy tis-
sues [2,3]. This is important for patients receiving head and
neck radiotherapy for primary and locoregional lymphatic
nodal involvement because the inferior neck nodes can move
independently of the primary tumour volume. Several studies
have described and evaluated the problem of regional anatom-
ical differences in the head and neck using megavoltage portal
imaging [4–6], stereoscopic kilovoltage [7], CBCT [4, 8], and
computed tomography (CT) on rails [9].

The problem of deviations in different regions of the head
and neck is compounded by the increasing use of intensity-
modulated radiotherapy techniques [10], which require
CBCT scans to visualize soft tissues. It is common for com-
mercial CBCT software packages to only allow for one region
of interest (ROI) [1, 11], which inevitably encompasses a
large volume comprising the primary cancer site, inferior
regional neck nodes that may degrade the effectiveness of
the image matching algorithm. Registering such a large ROI
fails to accurately quantify larger setup errors in the inferior
neck [4–9]. This could lead to a suboptimal treatment to
the inferior neck nodes that may result in recurrence for the
patient [10–13].

A study by van Beek et al [12] addressed this problem
through the development of an automated multiple ROI algo-
rithm for CBCT and tested their first clinical experience un-
dertaken by radiographers. Radiographers found the multiple
ROI easy to use with little additional workload and that it
helped to identify patients for replanning [12]. This software
is not commercially available for routine clinical use; however,
Elekta Dual Registration (DR) is available [14]. DR allows
the registration of two separate regions of anatomy, calcu-
lating their positional offsets independently, and proposing
joint correction that best fit both ROIs. Manual corrections
can be made to the proposed correction via applying a
sliding-scale weighting to favour one ROI’s over the other
before applying the correction. Preset limits also alert the ra-
diographer if a treatment target structure has moved closer to
a critical structure [14]. In anatomical sites other than head
and neck, Campbell et al [14] demonstrated in postprostatec-
tomy patients that DR can be a more efficient registration,
which could improve patient experience such as comfort
[15] while also reducing interobserver variability. There is
limited evidence to demonstrate the clinical impact and

processes of using DR in head and neck patients. Therefore,
the aim of this pilot study was to evaluate the impact of
DR on clinical judgement and treatment delivery for patients
with oropharyngeal cancer before clinical implementation.

Materials and Methods

A retrospective pilot study was planned and reported as per
Standards of Quality Improvement Reporting Excellence
(SQUIRE 2.0) guidelines [16]. The pilot study was consid-
ered a service evaluation by the Department of Clinical
research at Taunton and Somerset NHS Foundation Trust
following good clinical practice [17].

Patient Data

Ten retrospective patient CBCT datasets, a sample size
recommended by Herzog [18] for pilot studies, who
completed radiotherapy to an oropharyngeal primary and
nodal area in 2015–2016, were anonymized.

Standard Procedures

Patients received their treatment supine immobilized in a
Qfix Aquaplast (Avondale) nine-point thermoplastic immobili-
zation mask covering head, neck, and shoulders. The mask is
mounted on a Qfix Curve board, which itself was affixed
and indexed to the Elekta iBEAM evo Couchtop. Patients
were also tattooed on their sternum for mediolateral positional
alignment. Radiographers followed a positioning protocol to
ensure standardisation across patients [19]. CT planning scans
were acquired using 2-mm slices (Philips Brilliance CT Big
Bore CT simulator, Guildford, UK) planned using Pinnacle
treatment planning system (Philips version 9.10). Before treat-
ment, CBCT scans (XVI [5.02] 2016; Elekta AB Stockholm,
Sweden) were acquired using 1-mm slices as per departmental
protocol. This is justified by sampling theory which dictates
that, in relation to slice thickness of scans, the ideal scenario
is to sample at twice the rate of the resolution trying to achieve
[20]. The CBCT preset selected was filter F0 and collimator
S20 with a lens sparing gantry rotation of 335�–180� with a
gantry speed of 360� per minute. The correction reference
point was set to the planning target volume (PTV). Goals
for PTV doses are guided by recommendations contained in
ICRU50/62/83 [21–23], with near minimum (V99%) dose
not <95% of the prescription dose and a near maximum
dose (V2%) not >107% of the prescription dose. Gross
tumour volume outlined includes primary tumour (or resection
site/tumour bed, if postoperative) and involved lymph nodes.
Clinical target volume (CTV) will usually be taken as gross
tumour volume with a margin of 5–10 mm, taking account
of normal tissue boundaries and barriers to spread (eg, vertebral
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