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A B S T R A C T   

MRI (magnetic resonance imaging) scans are frequently used in follow-up after radiotherapy for head and neck 
cancer. With the overall aim of enabling MRI-based pattern of failure analysis, this study evaluated the accuracy 
of recurrence MRI (rMRI) deformable co-registration with planning CT (computed tomography)-scans (pCT). 
Uncertainty of anatomical changes between pCT and rMRI was assessed by similarity metric analyses of co- 
registered image structures from 19 patients. Average mean distance to agreement and Dice similarity coeffi-
cient performed adequately. Our findings provide proof of concept for reliable co-registration of pCT and rMRI 
months to years apart for MRI-based pattern of failure analysis.   

1. Introduction 

Failures in head and neck squamous cell carcinoma (HNSCC) most 
often occur locally within 18 months from primary treatment [1–3]. 
Optimization of treatment requires knowledge of the pattern of failure in 
HNSCC. Applying deformable image registration (DIR) of the planning 
CT (computed tomography)-scans (pCT) and recurrence scans enables 
analysis of the pattern of failure. The volume, point of origin or trigger of 
the recurrence can be related to the original targets and dose plan, 
allowing quality assurance of target definitions and setup margins. CT- 
based pattern of failure analyses have revealed that the majority of re-
currences occur in relation to the original high-dose target after primary 
radiotherapy (RT) [2,4]. A valid method is needed for MRI (magnetic 
resonance imaging)-based DIR between pCT and recurrence MRI (rMRI) 
in order to conduct pattern of failure analyses of patients where MRI- 
scans were used in the follow-up setting. 

Deformable image registration between scans of different modalities 
are frequently utilized in RT planning [5]. If a patient is suspected of 

having a loco-regional recurrence after primary RT, a scan of the sus-
pected area is usually performed. Traditionally, this involves a CT-scan, 
however, in some instances, MRI is preferred due to the higher contrasts 
of soft tissues and thus recommended by national guidelines for certain 
anatomical regions in the head and neck [6]. 

Co-registration method of planning-CT to recurrence-CT scans have 
been validated with mean surface distances ranging from 1 to 3 mm for 
DIR and between 1 and 1.5 mm for re-delineation uncertainty [7]. Since 
most recurrence scans traditionally are CT-based, most studies of re-
currences/failures have not included MRI-based scans [2,4,8,9]. Other 
studies have included MRI, however to our knowledge, time-staggered 
DIR of CT-MRI has not previously been validated [10–12]. 

The time interval between primary RT and recurrence can contribute 
to a significant change in anatomy. Changes may include atrophy of 
normal tissues (e.g. parotid glands) as a late effect of irradiation, weight 
loss, fibrosis, where stiffness prevents optimal extension of the neck or 
other posture changes, the presence of a primary tumor on pCT, and a 
recurrent tumor on the recurrence scan [13,14]. These factors are time- 
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dependent between the original and the failure scans and contribute to 
the uncertainty of the intended co-registration of the two scans, since 
anatomy may have changed. 

MRI provides superior soft-tissue contrast compared to CT, and ar-
tefacts related to dental implants are different and often less pronounced 
[15,16]. However, when aiming to co-register the two scans, the mo-
dality difference might cause additional uncertainty. 

This study aimed to evaluate the precision of DIR between scans of 
different modalities and staggered in time for HNSCC patients, which 
could provide the foundation for larger cohorts of failure analysis if a 
shift toward more frequent use of MRI-based recurrence scans in the 
follow-up setting after HNSCC. 

2. Materials and methods 

The cohort for this study consisted of 20 patients with loco-regional 
recurrence of squamous cell carcinoma of the oral cavity, pharynx or 
larynx. The patients were treated in a well-defined cohort of patients 
within the DAHANCA 19 study (2007–12). Patients received standard 
radiotherapy according to DAHANCA guidelines with IMRT [17]. Pa-
tients were included if the failure was diagnosed within the five-year 
follow-up period. Included in the present study were patients solely 
with MRI-based recurrence scans (i.e. no PET-CT or CT scans upon 
recurrence) in which the recurrence volume was visible. Treatment pCTs 
including original structure sets along with MRI-scans performed at 
recurrence before any surgical or oncologic intervention were identified 
and transferred to the secure DICOM Collaboration system (DcmCollab, 
Odense University Hospital, Denmark) [18,19]. Both pCTs and rMRIs 
were imported to MIM software (Cleveland, USA, version 7.2) in which 
delineation of regions of interest (ROIs), co-registration, and analysis for 
measures of uncertainty were performed. 

To test the feasibility of DIR between the two different scanning 
modalities at two different time points, three regions of interest (ROIs) 
were selected for validation: spinal cord (from the oval foramen/tip of 
dens axis C1 to the superior border of corpus vertebrae of C7), bilateral 
parotid glands, and bilateral cavities of maxillary sinuses (including 
mucosa). 

Deformable image registration was successful for 19 out of 20 pa-
tients. The median time from the end of RT to diagnosed failure was 
eight (range 2–43) months. For detailed tumor and patient character-
istics, see Supplementary Table 1. 

The pCTs were all conducted with a source potential of 120 kV and a 
slice thickness between two (n = 3) and three (n = 16) mm. Delineation 
of structures was conducted on T1 weighted rMRI sequences for all 
cases. Median slice thickness for rMRI was 4.4 (range 0.9–7.5) mm. For 
specifications regarding techniques of the rMRIs used, manufacturer and 
model of the scans, see Supplementary Table 2. 

Ethics statement: Patients in the DAHANCA 19 (NCT00496652) 
study gave consent for the use of patient material (including scans) for 
future research. 

2.1. Manual delineation 

To evaluate the uncertainty of ROI delineation, a head and neck 
radiation oncologist delineated the above-mentioned ROIs on the rMRI 
in MIM. Problematic cases were discussed with senior colleagues. After 
an interval of a minimum of one month, the ROIs were re-delineated by 
the same observer without guidance from the first delineation session. 
This resulted in rMRIs with two structure sets available for analyses of 
intraobserver variance. 

For one of the patients, the rMRI was conducted to identify a 
recurrence in the posterior nasal cavity and nasopharynx, hence, only 
the maxillary sinuses could be used for comparison. For another patient, 
the MRI did not include the entire volume of the maxillae, hence, only 
the spinal cord and parotids were used for comparison. The remaining 
17 rMRIs included all five ROIs for comparison. 

2.2. Time and modality factor 

Uncertainties of MRI-CT DIR were both a measure of the uncertainty 
of the potential anatomical changes over time from planning RT to 
recurrence and of the discrepancies in the different modalities of the two 
scans. The pCTs included the original structure sets. If a structure set on 
the pCT contained the ROIs used for the analyses, these would be 
evaluated and used. If they were not present in the original structure set 
or the structures would not adhere to guidelines, contouring or correc-
tions of existing structures would be added to the ROI in the pCT. 

To co-register the scans, first an automated rigid assisted alignment 
of the pCT and rMRI (including the first set of contoured ROIs from the 
manual delineation) was performed. These fused scans were deformable 
registered using multi-modality setting. For details on co-registration see 
Supplementary S1. The volumes of the ROIs were extracted from the 
pCTs. 

2.3. Measures of similarity 

Three metrics were utilized for the evaluation of contour similarities: 
Dice similarity coefficient (DICE), Hausdorff distance (HD), and mean 
distance to agreement (MDA). These were applied per patient to analyse 
the uncertainties. For details regarding DICE, HD and MDA, see Sup-
plementary material S2. 

From the rMRIs including the two sets of delineated ROIs, the metrics 
were applied to evaluate the uncertainty of the manual delineation 
(intraobserver variation). From the pCTs including the DIR-propagated 
ROIs from the rMRIs, the time and modality factor uncertainties were 
calculated. In total, 273 ROIs were considered and analysed. 

3. Results 

Mean MDA for DIR ranged between 1.2 and 2.2 mm, corresponding 
to average DICE values between 0.73 and 0.83. The highest levels of 
uncertainty were found for the parotid glands, and the best match for 
both the manual delineation and DIR were the maxillary sinuses. Mean 
values of HD, MDA and DICE both for the manual delineation and DIR 

Table 1 
Mean values of metric analyses of five regions of interest including the mean volume (cm3) of the structures. ROI: Region of interest; Man: Manual delineation; DIR: 
Deformable image registration; SD: Standard deviation; HD: Hausdorff distance (mm); MDA: Mean distance to agreement (mm); DICE: Dice similarity coefficient 
(index).   

Volume, cm3 HD Man, mm HD DIR, mm MDA Man, mm MDA DIR, mm DICE Man DICE DIR 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

ROI Parotid gland, right  25.5  10.8  9.5  2.8  12.9  4.6  1.1  0.5  2.2  0.7  0.84  0.06  0.73  0.08 
Parotid gland, left  25.2  9.8  9.8  4.2  14.4  5.0  1.1  0.4  2.2  0.6  0.85  0.06  0.73  0.08 
Maxillar sinus, right  15.0  3.8  5.7  2.8  8.6  4.1  0.6  0.2  1.4  0.6  0.90  0.04  0.80  0.08 
Maxillar sinus, left  13.8  3.0  4.8  1.8  7.7  3.2  0.5  0.2  1.2  0.6  0.91  0.03  0.83  0.06 
Spinal cord, C1-C7  9.1  2.6  5.0  2.9  9.2  5.5  0.7  0.5  1.3  0.6  0.82  0.09  0.73  0.09  
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Fig. 1. Strip plots of metrics for DIR and Man. Strip plots of values of the metric analyses for each region of interest (x-axis): manual delineation (blue) and 
deformable image registration (green). A: Hausdorff distances in mm (y-axis); B: Dice similarity coefficient index value (y-axis); C: Mean Distance to Agreement in 
mm (y-axis); Man: Manual delineation; DIR: Deformable image registration; HD: Hausdorff Distance; DICE; Dice similarity coefficient; MDA: Mean Distance 
to Agreement. 
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for each organ are shown in Table 1. All metric values for each ROI were 
normally distributed. 

Overall, the comparisons between the two sets of manual de-
lineations on the rMRIs performed superior to the DIR between time- 
staggered pCT and rMRI (lowest HD and MDA; highest DICE). For the 
DIR, the parotid glands were the ROIs with the largest uncertainty, 
whereas the maxillary sinuses performed best. Fig. 1 contains strip plots 
of the metric analyses of the DIR and manual delineation. 

4. Discussion 

This study investigated intraobserver variance and the uncertainty of 
time-staggered DIR between pCT and rMRI in head and neck cancer to 
test whether this method would allow for pattern of failure analysis 
using scans of different modality. The study showed average un-
certainties below 2.2 mm (MDA) and DICE values larger than 0.73 for 
time-separated DIR between CT and MRI scans. The mean HD ranged 
between 7.7 mm (left maxillary sinus) and 14.4 mm (left parotid gland). 
Large HDs were found both for manual delineation and DIR for parotid 
glands, most pronounced for DIR. This uncertainty may be explained by 
the difference in soft tissue contrast between MRI and CT scans, where 
both the superficial/anterior extent and the extension into the lateral 
pharyngeal space appear very different with the two techniques. The 
pockets of mean greatest dissimilarity (high mean HD) were found 
among the parotid glands, which also were the ROIs with the largest 
volumes. This association between larger volumes and larger variance is 
consistent with previous findings [7]. 

When comparing our results to the recommended tolerance un-
certainties formulated by K. Brock et al. [20], the majority (95%) of 
MDAs for DIR were within tolerance, defined by the maximum voxel 
dimension (≈2–3 mm) for the pCTs and for the rMRIs (≈0.9–7.5 mm). 
For DICE, the lower tolerated index value was set to 0.8 by the American 
Association of Physicists in Medicine’s task force wherein our study, 
only DIR for the maxillary sinuses had indexes approaching the toler-
ance level (70% of the DIR values) [20]. However, the purpose of this 
study was to evaluate the uncertainty of the DIR method for pattern of 
failure analyses and not for precise tumour contouring for clinical 
treatment. 

In the most ideal setting, HD would be zero when comparing the two 
structure sets on the rMRI. However, delineation is a series of choices 
and despite HDs between 5 and 10 mm, DICE for the intraobserver 
variability (0.82–0.91) in this study was comparable with other studies 
[7,21]. 

In our study, the contour sets from the original pCTs were co- 
registered with rMRIs if the ROI was present in the pCT. The original 
contour sets contained contours from many different radiation oncolo-
gists and despite a tradition for using common, national delineation 
guidelines in Denmark, some interobserver variability must be assumed 
[22]. The disadvantage of comparing contours from different observers 
is the risk of larger uncertainty. In contrary, the advantage is that the 
generalisability is strengthened, since the DIR performed with accept-
able overall accuracy despite multiple contour set comparisons for the 
parotid glands and the spinal cord. 

The reason for selecting the three ROIs in this study were to evaluate 
the uncertainty of structures with longitudinal extension in the area 
where loco-regional recurrences can occur (spinal cord) and include 
potential deformation uncertainties of both bony (maxillary sinuses) and 
soft tissue (parotid glands), more prone to atrophy as a late effect of RT. 
We found that, overall, the maxillary sinus performed best with the 
lowest uncertainties. This might be due to the fact, that none of the pCTs 
included this ROI, hence delineation was performed by the same 
observer for all three sets of contours in this study. Another potential 
contributing factor could be that the maxillary sinus is an aerial cavity in 
a bony structure and therefore more precisely defined by contrast even 
on a T1-weighted MRI scan. 

Since the rMRIs in our study are around 10 years old (conducted 

between 2009 and 2013), the quality of the scans are somewhat inferior 
to the capabilities of modern MRI scans, however, the scan sequence 
used is still the standard for OAR delineation, so improvements are 
primarily in the better geometric resolution and signal to noise ratio. 
Future studies may find more accurate volume overlay on DIR, with the 
presumed enhanced technical quality. 

For the purpose of failure analyses, comparing scans of different 
modalities in HNSCC over time, the uncertainties are acceptable, hence 
establishing the foundation for future studies to include patients irre-
spective of the modality of the recurrence scans. 
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