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ARTICLE INFO ABSTRACT

Keywords: Purpose: To investigate the role of quantitative pre-treatment dual-energy computed tomography (DECT) for
Dual-energy CT prediction of loco-regional recurrence (LRR) in patients with larynx/hypopharynx squamous cell cancer (L/H
Larynx cancer SCQ).

HYPOPharynX cancer Methods: Patients with L/H SCC treated with curative intent loco-regional radiotherapy and that underwent
::(;?:m'?;p treatment planning with contrast-enhanced DECT of the neck were included. Primary and nodal gross tumor

volumes (GTVp and GTVn) were contoured and transferred into a Matlab® workspace. Using a two-material
decomposition, GTV iodine concentration (IC) maps were obtained. Quantitative histogram statistics (maximum,
mean, standard deviation, kurtosis and skewness) were retrieved from the IC maps. Cox regression analysis was
conducted to determine potential predictive factors of LRR.

Results: Twenty-five patients, including 20 supraglottic and 5 pyriform sinus tumors were analysed. Stage I, II,
III, IVa and IVb constituted 4% (1 patient), 24%, 36%, 28% and 8% of patients, respectively; 44% had con-
current chemo-radiotherapy and 28% had neodjuvant chemotherapy. Median follow-up was 21 months.
Locoregional control at 1 and 2 years were 75% and 69%, respectively. For the entire cohort, GTVn volume (HR
1.177 [1.001-1.392], p = 0.05), voxel-based maximum IC of GTVp (HR 1.099 [95% CI: 1.001-1.209], p = 0.05)
and IC standard deviation of GTVn (HR 9.300 [95% CI: 1.113-77.725] p = 0.04) were predictive of LRR. On
subgroup analysis of patients treated with upfront radiotherapy + /- chemotherapy, both voxel-based maximum
IC of GTVp (HR 1.127 [95% CI: 1.010-1.258], p = 0.05) and IC kurtosis of GTVp (HR 1.088 [95% CI:
1.014-1.166], p = 0.02) were predictive of LRR.

Conclusion: This exploratory study suggests that pre-radiotherapy DECT-derived IC quantitative analysis of tu-
moral volume may help predict LRR in L/H SCC.

Loco-regional recurrence

1. Introduction

In the last decades, treatment approaches for larynx and hypo-
pharynx squamous cell carcinoma (L/H SCC) have shifted toward
organ-preserving strategies, with the aim of limiting functional im-
pairments associated with total laryngectomy/pharyngolaryngectomy
and improving patients’ quality of life [1]. While organ-preserving trials
have provided strong evidence that well-selected patients with L/H SCC
may benefit from organ-preservation strategies, there remains

substantial controversy on the optimal management of these patients
[2]. In fact, despite improvement in radiotherapy techniques and sys-
temic treatments, relapse rates in locally advanced L/H SCC after organ-
preserving treatment remain high, with rates of loco-regional recur-
rence (LRR) at 5 years reaching 30-40% [3-5]. In addition, observa-
tional data suggest that 5-year survival rates of L/H SCC have decreased
[6].

Better tumor characterisation through use of imaging biomarkers
has the potential to provide insightful information for outcome
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prediction and treatment selection in L/H SCC. Various functional
imaging modalities assessing tumor metabolism, hypoxia, cellularity
and perfusion have been investigated in HNC. These modalities notably
comprise the use of positron emission tomography (PET), including
18F- fluorodeoxyglucose (FDG-PET) [7-9], 18F-fluoromisonidazole-
PET (FMISO-PET) [8,10] or 18-F-fluoroazomycin arabinoside-PET
(FAZA-PET) [11]; use of magnetic resonance imaging (MRI), including
diffusion weighted imaging [12,13] or dynamic contrast-enhance MRI
[11,12]; as well as use of CT perfusion imaging [14,15]. Assessment of
tumor perfusion in HNC is considered a useful tool for non-invasive
evaluation of intra-tumoral microvessel density and for characterisation
of tumor angiogenesis [16,17].

Dual-energy computed tomography (DECT) is an advanced form of
CT in which image acquisition is performed at 2 different energies. This
technology allows tissue characterisation through material decom-
position and voxel-to-voxel determination of iodine concentration,
which can be used to derive a regional blood volume map [18,19]. The
applications of DECT in head and neck cancer have been a growing area
of interest, with several recent studies showing the benefit of iodine
characterisation and virtual monoenergetic images for detection and
delineation of head and neck tumor [20,21], differentiation between
metastatic, inflammatory and benign cervical lymph nodes [22,23] or
assessment of cartilage invasion [24,25]. However, the role of DECT-
derived quantitative imaging to predict oncological outcomes in HNC
has never been previously investigated. Yet the rich quantitative in-
formation provided by DECT offers a unique opportunity for functional
biomarker analysis. As previously proposed in single energy CT studies
[26], we hypothesized that higher tumor iodine content is indicative of
increased blood volume and capillary hyperpermeability associated
with neo-angiogenesis. The purpose of this study was to investigate the
role of DECT-derived quantitative histogram analysis of pre-treatment
for prediction of LRR in patients with L/H SCC.

2. Material and methods
2.1. Patient population

Patients with larynx or hypopharynx cancer treated with radio-
therapy and that underwent a pre-treatment planning DECT between
January 2015 and August 2016 at our institution, were included in this
retrospective study. Inclusion criteria were: [1] histological diagnosis of
SCC of the larynx or hypopharynx [2]; curative intent locoregional
radiotherapy +/- concurrent chemotherapy; [3] pre-treatment con-
trast-enhanced planning DECT of the neck. Patients that received in-
duction chemotherapy and had residual disease at time of radiotherapy
were included. Patients with early stage (T1-T2NO) glottic cancers were
excluded. All cases were discussed in the context of a multidisciplinary
tumor board. The protocols and patient consent forms were reviewed
and approved by our institutional ethics committee.

2.2. DECT and radiotherapy planning

All patients had a 1.5mm slice thickness planning dual-energy
computed tomography (SOMATOM Definition Flash; Siemens
Healthineers) from the vertex to the carina with and without in-
travenous contrast injection in supine position. Immobilisation device
included a thermoplastic mask of the head and shoulders fixed to the
treatment table. Iohexol contrast bolus was injected (Omnipaque
240 mg/ml) in the antecubital vein at a rate of 2.2 ml/second. Scan
delay was determined based on scan duration, injection duration and
bolus tracking, and yielded on average a total a volume of contrast
between 45-50 ml. Immediately after, 40 ml saline solution was se-
quentially injected at a rate of 2.2 ml/second. DECT was acquired 5s
after contrast bolus tracking in the common carotid artery, in order to
ensure image acquisition during the arterial phase and eliminate var-
iation in cardiac output between patients. Two sets of spiral CT data
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were simultaneously acquired with the following parameters: slice
thickness of 2 mm, pitch of 0.55, rotation time of 0.28 s, collimation of
64x 0.6 mm and X-ray tube potentials of 100 kVp and 140Sn kVp
(Sn = additional tin filtration), a matrix of 512 X 512 pixels, a field of
view of 50 cm and a voxel size of 1 X 1 X 1 mm [3]. A Q30 filter kernel
was used for image reconstruction. Tube current modulation was used
in for individual radiation dose optimization. Patients were requested
not to swallow during DECT acquisition. Sequential acquisition of a
non-contrast injected CT scan allowed for systematic verification of
larynx position to ensure that the patient did not swallow during the
examination. Primary gross tumor volume (GTVp) and nodal gross
tumor volume (GTVn) were contoured at time of treatment planning on
the average- weighted DECT image by the treating radiation oncologist.
A planning positron tomography (PET)-CT (available in 40% of pa-
tients) and/or a magnetic resonance imaging (available in 92% of pa-
tients) fused with planning CT could be used to verify tumor volume or
help decision making regarding tumor delineation in cases where the
tumor edge was not clearly visualised on DECT. Tumor contours were
systematically reviewed and approved by a minimum of 2 radiation
oncologists in the context of the routine quality assurance process of
radiation treatment planning.

Patients were treated with volumetric arc modulated radiotherapy
(RapidArc®, Varian Medical Systems, Palo Alto, CA) using 6-MV pho-
tons. Patients undergoing definitive radiotherapy + /- concurrent che-
motherapy were treated to a dose to 70 Gy in 35 fractions to the gross
disease, 60 Gy in 30 fractions to high risk nodal region and 50 Gy in 25
fractions to low risk nodal region, given in 5 daily fractions per week.
Treatment plans were normalised so that the prescription dose covered
at least 95% of the PTV volume. Eclipse TPS (Varian Medical Systems,
Palo Alto, CA) with Analytical Anisotropic Algorithm was used for dose
calculation.

2.3. DECT-derived iodine concentration map and histogram analysis

Primary gross tumor volume (GTVp) and nodal gross tumor volume
(GTVn) were transferred on a MIM Maestro workstation (MIM Software
Inc., Cleveland, OH) where the contours were subsequently visually
verified on the 100 kV and 140 kV series by a radiation oncologist and
modified to carefully exclude: air, bone, cartilage, peripheral fat. All
DECT were examined visually to ensure absence of motion or streak
artefacts. Using an in-house script (Matlab — MathWorks, Natick, MA),
iodine concentration (in mg/ml) was extracted from GTVp and GTVn
structures by determining the iodine partial electron density from each
voxel, using a two-material decomposition method previously described
by our group [27] and based on principal component analysis called
eigentissue decomposition [28]. Fig. 1 shows an example of GTVp and
GTVn contours along with the corresponding iodine maps from a pa-
tient with locally advanced hypopharynx SCC. Quantitative histogram
analysis was performed to retrieve statistics from GTVp and GTVn io-
dine maps.

2.4. Follow-up and statistics

Patients had alternating follow-up by their otolaryngologist and
radiation-oncologist every 2 months for the first 2 years and every 4
months for the following 3 years. Every patient had a follow-up CT scan
at 6-8 weeks after treatment and as well as anytime symptoms and/or
results on physical examination were suspicious for recurrence. LRR
was detected on clinical examination and/or CT scan * 18-fluor-
odeoxyglucose positron emission tomography and confirmed histolo-
gically. Follow-up duration was defined from the date of treatment
completion to the date of last follow-up or death. Kaplan-Meier method
was used for estimation of locoregional control and relapse free survival
(RFS). Univariate Cox regression analysis was performed to determine
predictors of LRR, with p values p < 0.05 considered statistically sig-
nificant. Descriptive statistics retrieved from iodine concentration
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Fig. 1. Axial slice of weighted-average DECT from a patient with locally advanced hypopharynx squamous cell cancer.
Legend: Primary and nodal GTV are shown (pink contours) (a), along with their corresponding fused iodine maps (a).

included maximum, mean, standard deviation, kurtosis and skewness.
Clinical factors such as age, gender, tumor site, smoking status, stage,
GTVp and GTVn volumes were also analyzed. SPSS 24 (IBM, Armonk,
NY) was used for statistical analysis.

3. Results
3.1. Patients and treatments characteristics

In total, 25 patients met inclusion criteria. Twenty-five patients,
including 20 supraglottic and 5 pyriform sinus tumors were analysed;
76% were male. Median age was 65 years (43-79). Median GTVp vo-
lume was 7.9 cm® (range = 0.7-51.8 cm®) and median GTVn volume
was 7.0 cm® (range = 0.5-25.8 cm®). Stage I, II, III, IVa and IVb con-
stituted 4% (1 patient), 24%, 36%, 28% and 8% of patients, respec-
tively. Forty-four percent had concurrent cisplatin and 28% had
neoadjuvant chemotherapy consisting of docetaxel-cisplatin or pacli-
taxel-carboplatin. Patients and treatment characteristics are summar-
ized in Table 1.

3.2. Treatment outcomes

The median follow-up time was 21 months (range: 9-34 months).
Relapse patterns were as follow: 4 patients presented isolated local
recurrence, 1 patient had synchronous local and regional recurrence, 1
patient had synchronous regional and distant recurrence, and 1 had
isolated distant metastasis. Actuarial LRR at 1 and 2 years was 75% and
69% (Fig. 2). Actuarial RFS at 1 and 2 years was 70% and 64% (Fig. 3).

3.3. Predictors of LRR

Table 2 presents univariate Cox regression analysis for risk of LRR
for the entire cohort, while Table 3 presents univariate Cox regression
analysis for risk of LRR for the subgroup of patients treated with upfront
radiation + /- concurrent chemotherapy. For the entire cohort, GTVn
volume (HR 1.177 [1.001-1.392], p = 0.05), maximum IC of GTVp (HR
1.099 [95% CI: 1.001-1.209], p = 0.05) and IC standard deviation of
GTVn (HR 9.300 [95% CI: 1.113-77.725] p = 0.04) were predictive of
LRR (Table 2). On subgroup analysis of patients treated with upfront
radiotherapy + /- chemotherapy, both maximum IC of GTVp (HR 1.127
[95% CI: 1.010-1.258], p = 0.05) and IC kurtosis of GTVp (HR 1.088
[95% CI: 1.014-1.166], p = 0.02) were predictive of LRR (Table 3).

Table 1

Patients and tumors’ characteristics.
Age; median (range) 65 (43-79)
Gender
Female 6 (24%)
Male 19 (76%)
Subsite
Larynx 20 (80%)
Hypopharynx 5 (20%)
Active Smoker
Yes 7 (28%)
No 18 (72%)
T stage
T1 16%
T2 44%
T3 40%
N stage
NO 11 (44%)
N1 5 (20%)
N2 7 (28%)
N3 2 (8%)
GTVp volume; cm® (median; range) 7.9 (0.7-51.8)
GTVn volume (N = 14); cm® (median; range) 7.0 (0.5-25.8)
Concurrent chemotherapy 13 (52%)
Neoadjuvant chemotherapy 7 (28%)

IHC = Immunohistochemistry; GTVp = Primary gross tumor volume;

GTVn = nodal gross tumor volume.
4. Discussion

This pilot study explores the role of DECT-derived quantitative
imaging for outcome prediction in HNC. In this study, we describe a
method allowing for volumetric extraction of iodine fraction from each
voxel of the primary tumor and involved lymph nodes in L/H SCC.
Iodine concentration was used as a surrogate for regional blood volume,
with the working hypothesis that increased tumor angiogenesis would
result in higher iodine contrast enhancement, as previously supported
in single energy CT studies [26]. In our pilot cohort of 25 patients,
higher maximum IC of the primary tumor as well as higher volume and
IC standard deviation of involved lymph nodes were predictive of LRR
in L/H SCC. In the subgroup of patients treated with upfront radiation
+ /- concurrent chemotherapy, both higher maximum IC and higher IC
kurtosis of the primary tumor were predictive of cancer relapse. While
the prognostic value of nodal tumor volume has previously been re-
ported [29], this preliminary study suggests that DECT-derived iodine
map histogram metrics have the potential to provide easily accessible
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Fig. 2. Kaplan Meier curves of loco-regional control as a function of time.
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Fig. 3. Kaplan Meier curves of relapse-free survival as a function of time.

information that can be valuable for tumor characterization, outcome
prediction, treatment selection and dose painting. Contrary to or-
opharynx cancer where prognostic factors such as p16 status have been
widely recognized, there are limited markers that help us predict LRR in
L/H cancers.

DECT is an advanced imaging technique allowing for acquisition of
2 series of CT images at different energies. Based on the principle of
energy-dependant photoelectric effect, precise tissue characterisation
and quantification of different materials such as iodine can be achieved
[30]. DECT offers a unique opportunity for analysis of imaging bio-
marker; however, in current literature, its use for outcome prediction is
generally unexplored. In one study focusing on assessment of iodine
content of cervical neck nodes, Tawfik et al. [23] reported that lower
mean iodine content derived from DECT could differentiate metastatic
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Table 2
Univariate Cox regression analysis of all variables for risk of LRR for entire
cohort.

HR (95% CI) P
LRR No LRR
Clinical features
Male (vs. Female) (%) 71%  72% 0.881 (0.171-4.549) 0.8
Age; M (y) 60 64 0.975 (0.910-1.044) 0.4
Active smoker (vs. Non smoker) 43%  22% 2.435 (0.542- 0.4
(%) 10.938)
T3 (vs. T1-2) (%) 29%  44% 0.744 (0.327-1.695) 0.6
N+ (vs. NO) (%) 57%  56% 1.276 (0.283-5.743) 0.8
Hypopharynx (vs. Larynx) (%) 29% 28% 1.258 (0.537-2.945) 0.6
Volume GTVp; M (cm®) 115 6.5 1.035 (0.981-1.091) 0.2
Volume GTVn; M (cm®) 11.4 5.2 1.177 (1.001- 0.05
1.392)
GTVp histogram analysis
IC max; M (mg/ml) 21.0 16.1 1.099 (1.001- 0.05
1.209)

IC max 99 percentile; M (mg/ml) 8.5 8.2 1.01 (0.780-1.307) 0.9

IC mean; M (mg/ml) 1.9 1.6 1.977 (0.708-5.226) 0.2
IC SD; M (mg/ml) 2.1 1.9 1.367 (0.440-4.248) 0.6
IC skewness; M (mg/ml) 2.0 2.1 0.993 (0.562-1.756) 0.9
IC kurtosis; M (mg/ml) 17.8 132 1.009 (0.980-1.039) 0.5
GTVn histogram analysis (N = 14)

IC max; M (mg/ml) 105 7.6 1.226 (0.908-1.655) 0.2
IC max 99 percentile; M (mg/ml) 6.6 4.1 1.526 (0.997-2.336) 0.06
IC mean; M (mg/ml) 1.5 1.8 0.967 (0.512-1.827) 0.9
IC SD; M (mg/ml) 1.6 1.1 9.300 (1.113- 0.04

77.725)

IC skewness; M (mg/ml) 1.2 0.9 1.461 (0.278-7.694) 0.7
IC kurtosis; M (mg/ml) 4.4 4.7 0.907 (0.481-1.712) 0.8

HR = Hazard ratio; CI = confidence interval; LRR = loco-regional recurrence;
N+ = node positive disease; M = mean; IC = iodine concentration;
N = number; max= maximum; SD= standard deviation.

Table 3
Cox regression analysis for risk of LRR for subgroup of patients treated with
upfront radiation +/- chemotherapy (N = 17).

HR (95% CI) P
LRR No LRR

Clinical features

Male (vs. Female); (%) 57%  58% 0.907 (0.388-2.123) 0.8

Age; M (y) 59 63 0.978 (0.912-1.049) 0.5

Active smoker (vs. Non smoker) 50% 17% 5.010 (0.901- 0.06

(%) 27.863)

T3 (vs. T1-2); (%) 17%  33% 0.602 (0.205-1.772) 0.4

N+ (vs. NO) (%) 50%  42% 1.168 (0.233-5.857) 0.8

Hypopharynx (vs. Larynx) (%) 17% 17% 1.053 (0.359-3.089) 0.9

Volume GTVp; M (em®) 12.7 6.8 1.022 (0.970-1.076) 0.4

Volume GTVn; M (cm®) 13.8 3.9 1.159 (0.983- 0.08
1.1366)

GTVp histogram analysis

IC max; M (mg/mD) 23.0 16.1 1.127 (1.010 0.03
1.258)

IC max 99 percentile; M (mg/ml) 9.2 6.1 1.160 (0.876-1.538) 0.3

IC mean; M (mg/ml) 2.0 1.8 1.736 (0.504-5.978) 0.4

IC SD; M (mg/ml) 2.3 1.6 1.120 (0.348 3.612) 0.8

IC skewness; M (mg/ml) 2.1 1.6 1.640 (0.705 3.815) 0.2

IC kurtosis; M (mg/ml) 19.4 8.1 1.088 (1.014 0.02
1.166)

GTVn histogram analysis (N = 9)

IC max; M (mg/ml) 143 8.3 1.264 (0.865-1.846) 0.2

IC max 99 percentile; M (mg/ml) 6.9 4.5 1.397 (0.875-2.085) 0.2

IC mean; M (mg/ml) 1.6 2.6 0.775 (0.311-1.930) 0.8

IC SD; M (mg/ml) 1.8 1.1 3.682 (0.775- 0.1
17.499)

IC skewness; M (mg/ml) 1.2 0.6 5.358 (0.078- 0.4
366.072)

IC kurtosis; M (mg/ml) 4.3 4.1 1.244 (0.335-4.622) 0.7

HR = Hazard ratio; CI = confidence interval; LRR = loco-regional recurrence;
N+ = node positive disease; M = mean; IC = iodine concentration;
N = number; max = maximum; SD= standard deviation.
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SCC from normal or inflammatory lymph nodes. Unlike our study, io-
dine content measurements were limited to a region of interest in the
axial section and only mean and standard deviation values of iodine
content were reported. In a study by Kuno et al. [24], the combination
of weighted average and iodine overlay images was found to improve
the diagnostic performance and inter-observer reproducibility of lar-
yngeal cartilage invasion assessment from HNC SCC [24]. In lung
cancer, Schmidt-Binder et al. [31] reported a strong correlation be-
tween maximum standardized uptake value of 18- fluorodeoxyglucose
positron emission tomography (18FDG-PET)/CT and maximum iodine-
related attenuation on DECT for both primary tumours and involved
thoracic lymph nodes of non-small cell lung cancer. The latter study
suggests an association between metabolic activity and perfusion and is
in concordance with our findings that maximum tumoral IC is asso-
ciated with worse outcomes.

Perfusion imaging as a surrogate of angiogenesis and predictor of
oncological outcomes has previously been largely studied in HNC but
results have generally been conflicting [32-36]. On one hand, several
studies have reported an association between increased tumor perfusion
and improved treatment response, supporting that poor tumor perfu-
sion induces hypoxia and radioresistance [32,37]. On the other hand,
other studies have supported a correlation between elevated perfusion,
tumor recurrence and metastatic potential, suggesting that highly per-
fused tumors may present a more aggressive biology [36,38]. Pietch
et al. [38] reported significantly higher pre-treatment CT-derived per-
fusion metrics in recurrent HNC tumors. Similarly, using PET with
oxygen-15-labeled water for assessment of blood flow, Lehtio et al.
reported poor local control after radiotherapy and decreased survival in
tumors with higher pre-treatment blood flow [36]. These studies sup-
port the hypothesis that high perfusion may rather be a consequence of
the neovascularization induced by hypoxia [39,40]. Discrepancies on
the prognostic value of perfusion can be in part explained by the
combination of various HNC tumors subsites which does not allow to
account for the heterogeneous biology of individual tumours. Interest-
ingly, a study by the Memorial Sloan Kettering Cancer Center recently
reported on dual assessment of tumor hypoxia and perfusion in 120
HNC patients that underwent 18F-FMISO-PET. In this study, both po-
sitive and negative correlation between hypoxia and perfusion were
observed for individual lesions [8], supporting that both scenarios are
possible and likely vary based on tumor biology. In addition, an asso-
ciation between angiogenesis and glucose metabolism was also sup-
ported by positive correlation shown between maximum standardized
uptake value on PET and perfusion in moderately large (stage T2-3)
HNC tumors [41]. Increasing level of evidence suggests that perhaps
quantification of heterogeneity of tumors perfusion is key in under-
standing inter- and intra-tumour phenotypes as well as in predicting
HNC outcomes [42]. This is also supported by findings from our study
where higher IC kurtosis (representing peakedness of the shape of the
probability distribution) of primary tumor and higher IC standard de-
viation (reflecting dispersion of the histogram) of involved lymph nodes
were found to be potential biomarkers. To this effect, DECT-derived
iodine map histogram metrics offer an opportunity for better quantifi-
cation of tumour perfusion heterogeneity, as a window to individual
phenotypes of HNC tumors.

Non-invasive assessment of microvessel density for prediction of
oncological outcomes has been reported in multiple studies using per-
fusion CT [14,16,43] or DCE-MRI [44,45]. While perfusion CT mea-
sures variations in tissue attenuation as the contrast is dynamically
administered, DCE-MRI measures variations in signal intensity. Both
modalities have the potential to provide more useful and more com-
plete information in regards to tumor perfusion in comparison to the
static iodine map provided by the DECT, notably a larger range of
metrics such as blood flow, blood volume, mean transit time, and
permeability values. Comparatively, another disadvantage of static
DECT iodine map is the uncertainty around the time of acquisition for
optimal assessment of iodine contrast within the tumor. However, with

European Journal of Radiology 110 (2019) 1-6

these limitations in mind, there are several advantages of the static
DECT, which still makes it a potentially valuable tool in the clinic. In
the particular context of radiotherapy, the static examination makes it
possible to derive iodine map directly from the injected planning scan
(obtained for all patients), therefore providing functional information
without the need for a supplementary examination and an added image
co-registration step as part of the radiotherapy planning workflow.
Additional advantages of this method include reduced radiation dose
compared to dynamic CT as well. Finally, the shorter acquisition time of
DECT iodine map makes this examination at reduced risk of motion
artefact in comparison to dynamic MRI or CT. Given the increasing
number of radiotherapy facilities acquiring DECT technology for its
improved precision of dose calculation [46], this method has the po-
tential to be integrated widely as part of the head and neck radio-
therapy planning workflow.

Our study aimed at assessing the feasibility of using DECT-derived
IC maps for clinical outcome prediction. This study is limited by its
small sample size as well as by its heterogeneous cohort of patients. In
fact, although our cohort has the advantage of focusing on L/H SCC
exclusively, patients with mixed cancer stages and mixed treatment
modalities were included. As it is possible that induction chemotherapy
induced iodine map alteration that may have affected the validity of our
results, we proceeded to a subgroup analysis of patients treated with
upfront radiotherapy + /- chemotherapy, with similar findings in re-
gards to maximum GTVp IC, in addition to GTVp kurtosis of iodine
map. In addition, another important limitation of our study is that only
voxel-based maximum iodine concentration was associated with risk of
LRR, but not 99 iodine concentration percentile. Voxel-based maximum
iodine concentration value is more vulnerable to noise compared to use
of a larger region of interest such as 99 iodine concentration percentile.
Preliminary findings of our study warrant further validation in a larger
cohort. Due to the small sample size and exploratory nature of the
study, only a univariate analysis of potential predictive factors of LRR
was conducted.

In conclusion, we used pre-radiotherapy DECT-derived IC quanti-
tative analysis, as a potential surrogate of microvessel density and
heterogeneity of perfusion. The described method is a promising tool
for outcome prediction in L/H SCC. Maximum IC and IC kurtosis of
primary tumor, as well as IC standard deviation of involved lymph node
are readily available imaging biomarkers that can be derived from pre-
treatment diagnostic or planning DECT and that may help predict LRR
in L/H SCC. Validation of the predictive value of these biomarkers in a
larger cohort of patients is required.
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