
Contents lists available at ScienceDirect

Physics and Imaging in Radiation Oncology

journal homepage: www.elsevier.com/locate/phro

Original Research Article

Comparison of tumor delineation using dual energy computed tomography
versus magnetic resonance imaging in head and neck cancer re-irradiation
cases
Sweet Ping Nga,b,⁎, Carlos E Cardenasc, Hesham Elhalawania, Courtney Pollard IIIa,
Baher Elgoharia, Penny Fanga, Mohamed Meheissend, Nandita Guha-Thakurtae, Houda Bahigf,
Jason M. Johnsone, Mona Kamala, Adam S Gardena, Jay P. Reddya, Shirley Y. Sug,
Renata Ferrarottoh, Steven J. Franka, G. Brandon Gunna, Amy C. Morenoa, David I. Rosenthala,
Clifton D. Fullera, Jack Phana,⁎

a Department of Radiation Oncology, The University of Texas MD Anderson Cancer Center, Houston, TX, USA
bDepartment of Radiation Oncology, Peter MacCallum Cancer Centre, Melbourne, Australia
c Department of Radiation Physics, The University of Texas MD Anderson Cancer Center, Houston, TX, USA
dDepartment of Clinical Oncology and Nuclear Medicine, University of Alexandria, Alexandria, Egypt
e Department of Diagnostic Imaging, The University of Texas MD Anderson Cancer Center, Houston, TX, USA
fDepartment of Radiation Oncology, Centre Hospitalier de l'Université de Montréal, Montreal, Quebec, Canada
g Department of Head and Neck Surgery, The University of Texas MD Anderson Cancer Center, Houston, TX, USA
hDepartment of Thoracic Head and Neck Medical Oncology, The University of Texas MD Anderson Cancer Center, Houston, TX, USA

A R T I C L E I N F O

Keywords:
Re-irradiation
Head and neck
Dual energy computed tomography
Magnetic resonance imaging
Delineation

A B S T R A C T

In treatment planning, multiple imaging modalities can be employed to improve the accuracy of tumor deli-
neation but this can be costly. This study aimed to compare the interobserver consistency of using dual energy
computed tomography (DECT) versus magnetic resonance imaging (MRI) for delineating tumors in the head and
neck cancer (HNC) re-irradiation scenario. Twenty-three patients with recurrent HNC and had planning DECT
and MRI were identified. Contoured tumor volumes by seven radiation oncologists were compared. Overall, T1c
MRI performed the best with median DSC of 0.58 (0–0.91) for T1c. T1c MRI provided higher interobserver
agreement for skull base sites and 60 kV DECT provided higher interobserver agreement for non-skull base sites.

1. Introduction

Patients with recurrent head and neck cancer and a previous history
of radiotherapy often pose a management dilemma. Local control is of
importance in this group of patients, particularly in those with limited
burden of distant disease, as progressive local disease can cause sig-
nificant morbidity. Although local control can be achieved surgically,
approximately 80% of patients with recurrent head and neck cancer are
not surgical candidates [1]. Re-irradiation may be an option for these
patients [2]. While previous studies have shown poor clinical outcomes
and high toxicities in patients who received re-irradiation to the head
and neck region [3–6], recent advancements in treatment planning and
delivery (proton therapy, intensity modulated radiotherapy, stereo-
tactic body radiotherapy) have prompted a renewed opportunity of

treating patients with re-irradiation [2]. The aim is to deliver high dose
to the tumor to achieve good local control whilst limiting dose to sur-
rounding normal tissue thereby reducing treatment-related toxicity.

In radiation treatment planning, multiple modality imaging can be
employed to improve the accuracy of gross tumor volume (GTV) target
delineation [7–10]. Accurate target delineation is particularly im-
portant in the re-irradiation scenario to avoid under-treatment of tumor
or overtreatment of surrounding normal tissues. However, use of mul-
tiple imaging modalities can be costly. With an emphasis on a value-
based approach, in this study we aimed to quantify the interobserver
consistency of two imaging modalities, dual energy computed tomo-
graphy (DECT) and magnetic resonance imaging (MRI) for delineating
head and neck tumors for re-irradiation.
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2. Materials and methods

2.1. Case selection

Patients with recurrent head and neck cancer treated definitively
with re-irradiation at our institution and who underwent treatment
planning with DECT (Discovery CT750 HD, GE Healthcare, Milwaukee,
WI), and magnetic resonance imaging (MRI) (MR750 3 T MR system GE
Healthcare, Milwaukee, WI) were retrospectively identified. MR studies
included multiplanar T1, T2 with fat saturation, and T1 post contrast
with fat saturation. The DECT and MRI scans were collected and used
for this study under an Institutional Review Board approved protocol.
The Institutional Review Board waived informed consent. DECT and
MRI scans were performed in the radiation treatment position following
CT simulation. Our DECT and MRI scanners were adapted to allow for
the patients to be immobilized on the respective imaging device’s couch
using the patient-specific designed radiotherapy thermoplastic mask.

Twenty-three cases met the criteria for the study. Patient, tumour
and treatment characteristics are summarized in Table 1 in
Supplementary material. All patients were treated using stereotactic
body radiotherapy (SBRT) to the site of locoregional recurrence. Twelve
of the cases involved skull base pathology and 11 cases were recurrent
disease in mucosal or neck nodal sites (non-skull base).

Seven radiation oncologists contoured the GTV on the 60 kV and
140 kV images from the DECTs, and the T1 with contrast (T1c) and T2
images from the MRIs. The relevant clinical and tumor characteristics
were provided to all observers. Observers contoured on each set of
images at least a week apart to reduce recall bias.

2.2. Comparison of contours

Contours from each observer were extracted and compared for in-
terobserver agreement using several metrics assessing overlap (Dice
similarity coefficient, DSC), spatial distance (mean surface distance,
MSD; 95th percentile Hausdorff distance, 95HD) and volume difference
(VD). The definitions and formulae of these metrics are defined in
Supplementary material.

2.3. Statistical analysis

Pairwise comparisons between observers were used for each metric.
The non-parametric Steel-Dwass test was used to compare all mea-
surement pairs. Statistical analyses were performed using JMP software
(version 14.0, 2018, SAS Institute Inc, Cary, NC). p-value of< 0.05 was
considered statistically significant.

3. Results

3.1. Overall pairwise analysis

The median recurrent tumor volume was 6.4 (range: 1–26) cm3. As
a group, there were no significant difference in volume difference of
contoured tumor between the imaging modality and sequences. The
overall median (range) of DSC for all imaging were 0.56 (0–0.88) for
60 kV, 0.53 (0–0.98) for 140 kV, 0.58 (0–0.91) for T1c and 0.45
(0–0.90) for T2. Steel-Dwass non-parametric comparison showed a
significant difference in DSC between T1c and T2 (p < 0.0001), T2
and 60kv (p < 0.0001), 140kv and 60kv (p = 0.009) and T1c and
140kv (p = 0.0015). There was no significant difference between T1c
and 60 kV (p = 0.898), and T2 and 140 kV (p = 0.21). As shown in
Fig. 1, there was less variability in DSC between observers in T1c and
60 kV.

On analysis of the spatial distance metrics, as depicted in Fig. 1,
there was less interobserver variability for T1c and 60 kV images. There
was no significant difference between T1c and 60kv. When compared to
other image sequences, there was significant difference between T1c

and 60 kV with 140 kV and T2 images. Similarly, T2 had higher HD and
95HD than other imaging sequences (p < 0.0001 for all) (Fig. 1).

3.2. Skull base versus non-skull base target delineations

When analyzed separately, there was no VD difference noted in the
skull base group. In the non-skull base group, there was significant VD
between T2 MRI and 60 kV contours, with significantly larger VD in T2
than those in 60 kV images, with a median VD of 0.23 versus −0.01
between observers (p = 0.03) (Fig. 2).

The median DSC was higher in the skull base cases (0.65, range:
0–0.98) than the non-skull base cases (0.36, range: 0–0.91) (Fig. 2). In

Fig. 1. Pairwise analysis for the cohort (A–E) and stratified by skull base versus
non-skull base tumor sites (F – J): A and F) Dice similarity coefficient (DSC), B
and G) volume difference, C and H) mean surface distance (MSD), D and I)
Hausdorff distance (HD) and E and J) 95th percentile Hausdorff distance
(95HD).
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non-skull base cases, DSC was significantly higher in 60 kV (median:
0.47) as compared to 140 kV (p = 0.0013), T1c (p = 0.032) and T2
(p < 0.0001). When comparing MR sequences, T1c had better DSC
than T2 (p = 0.035) in non-skull base cases. In skull base cases, T1c had
significantly higher DSC than 60kv (p = 0.004), 140kv (p < 0.001)
and T2 (p < 0.001).

Overall, on spatial distance metrics, there was less variability in
contours for all imaging sequences for skull base cases compared to
non-skull base cases (Fig. 2). For skull base cases, the median MSD, HD
and 95HD was lowest in T1c images and highest in T2. When T1c was
compared to other sequences, there was significant difference in all.
However, if comparing DECT sequences alone, there was no difference
between 60 kV and 140 kV sequences for skull base cases. For non-skull
base cases, there was no significant difference seen in MSD, 95HD and
HD between T1c and DECT sequences (60 kV and 140 kV). T2 had
higher variability between observers when compared to other se-
quences in both skull base and non-skull base cases.

4. Discussion

Our results showed significant interobserver variability when mea-
suring volumes’ overlap and surface distance agreement, regardless of
imaging modality in head and neck cancer cases which had previous
radiotherapy. In some cases, there was complete disagreement (zero
overlap) between two observer’s tumor segmentations. This highlights
the difficulty in assessing and delineating the target tumour in patients
who had previous radiotherapy with/ without surgery due to soft tissue
changes. For modern radiation treatment technique such as SBRT, in
this cohort, which is highly precise with small planning target volume
and a rapid dose falloff, small inaccuracies in target delineation can
result in geographical misses.

Our analysis showed that on average T1c MRI sequence provided
the most consistent delineations between observers, particularly in skull
base cases. This is consistent with the current literature whereby skull
base (extra/ intracranial) evaluations are preferred using T1c MR se-
quence. MRI is the imaging modality of choice for assessment of skull
base due to the superior soft tissue contrast compared to CT imaging
and is particularly useful for assessment of perineural disease [11–13].
Chung et al [8] demonstrated the usefulness of MRI in evaluating skull
base disease in patients with nasopharyngeal carcinoma where MRI
detected intracranial invasion in 96% of patients with pterygopalatine
fossa involvement compared to 57% detection using CT imaging. The
foramina and fissures of the skull base are often fat-filled and the dif-
ferentiation between the fat pad and subtle disease can be challenging

due to the low attenuation differences between them. T1c MR imaging
is often preferred for better visualization of disease in the skull base due
to the hyperintensity of fat in this sequence compared to the tumor
[13]. Although T2 MRI sequence was thought to be helpful in the
characterization of tumor [11–13], our study has shown that there is
high interobserver contour variability in the T2 sequences in the pre-
irradiated cohort. Pre-existing changes from previous therapy coupled
with tumor-related inflammation may have contributed to increased
uncertainty and difficulty in interpreting the gross tumor border [14]
thereby increasing interobserver variability in tumor delineation.

In non-skull base cases, 60 kV DECT may be adequate in aiding
target delineation with the highest DSC between observers compared to
other imaging sequences. This is consistent with other studies due to the
considerable increase in iodine contrast attenuation at low energy
providing improved lesion visibility compared to standard contrast-
enhanced CT [15–18]. Although there is no consensus on optimal en-
ergy for soft tissue and tumor evaluation, the literature reported that
energies of 40 kV to 60 kV have the highest tumor attenuation and are
often the preferred energies for evaluation of head and neck malig-
nancies [15–19]. These images can be obtained with no significant
additional radiation dose to the patient compared to standard single-
energy contrast-enhanced CT [20,21]. Literature assessing the utility of
CT in head and neck predominantly concentrate on the delineation of
non-skull base tumors [9,21,22] or normal soft tissue [21,23] and have
found that the addition of MRI did not significantly alter the target
delineation, consistent with our findings. Therefore, for non-skull base
pathology, the use of low energy DECT images may be adequate in
gross tumor delineation.

Our study showed that, in patients with previous irradiation of the
head and neck region, T2-weighted sequences had the least inter-
observer agreement in target delineation. This may be secondary to the
effect of previous radiation on the normal tissue, reducing the dis-
crimination between pathology and normal tissue. The uncertainty of
observers when contouring the tumor was also reflected in the resulted
larger volumes of contours compared to 60 kV images in non-skull base
cases. In a study comparing the volume of tumor delineated on MRI to
histopathologic tumor volume by Jager et al. [24] found that the de-
lineated tumor volumes on MRI were significantly larger than the true
tumor volumes on histology. In our cohort of patients, previous irra-
diation resulting in fibrosis and scarring may obliterate normal soft
tissue-fat planes making it challenging to discriminate between pa-
thology and normal tissue [25,26]. Other factors may include previous
surgical intervention and reconstruction (addition of tissue or surgical
hardware) [26,27], tissue edema secondary to previous radiation

Fig. 2. Example of a skull base (A) and a non-skull base (B) cases with delineations on 60 kV, 140 kV, T1 with contrast (T1 + c) and T2 MRI sequences.
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[14,25], and presence of tumor-related inflammation. Also, tumor re-
currence can have similar radiological appearances on T2-weighted MR
sequence as a vascularized scar [26].

Our study comes with its limitations. Firstly, this study was con-
ducted in a high volume treatment center and the expertise and fa-
miliarity of observers with the interpretation of DECT and MRI may
have reduced the magnitude of interobserver differences. In this study
we chose to compare segmentations in a pairwise fashion to quantify
variability extremes, which is not possible when using a STAPLE ap-
proach, which utilizes a computational algorithm to generate the
‘ground truth’ segmentation based on the collection of observers’ seg-
mentations [28]. It could be argued that interobserver comparison to a
generated STAPLE volume has the potential to significantly undermine
the true variability between multiple observers. Secondly, although
observers were only allowed to contour on each sequence set at least a
week apart to reduce recall bias, there may be a mild degree of recall
bias in some distinct cases, improving agreement between image se-
quences in those cases. By analyzing more than 10 cases in each skull
base and non-skull base groups, we hoped the effect of recall bias was
reduced. Thirdly, PET imaging was not evaluated in this study. In the
setting of recurrent disease, PET imaging can help distinguish meta-
bolically active tumor versus soft tissue or fibrosis. Multiple patients in
this study did not have PET images available for assessment, and thus,
PET could not be analyzed as part of this study.

Based on this study we recommend tumor and target volume seg-
mentation peer-review since integrating this step into the clinical
workflow could significantly impact the reduction of potential tumor
misses [29]. It remains undetermined the role artificial intelligence will
play in reducing target volume segmentation uncertainties; however,
several works [30–33] have reported results which are encouraging and
auto-segmentations could be used as guidance for radiation oncologists
potentially reducing major misses. In summary, in this study, 60 kV
DECT provided a higher interobserver agreement for non-skull base
tumors, whereas T1c MRI provided a higher interobserver agreement
for skull base tumors. For skull base tumors, the addition of T1c MRI
may improve the accuracy of target delineation when available or not
contraindicated. DECT can be utilized to aid target delineation of non-
skull base tumors.
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