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Introduction: Disease recurrence following therapy occurs in 50% of patients with head and neck squamous cell carcinoma (SCC)
who present with nodal metastases at initial staging [1]. Accurate staging of nodal disease is pivotal for therapy selection and
subsequent surveillance. Computed tomography (CT) and anatomical magnetic resonance imaging (MRI) have similar performance for
detection of cervical nodal metastasis with a reported accuracy 78% and 82% respectively [2]. Diffusion weighted imaging (DWI) has
been proposed as a ‘functional’ MRI technique to aid characterisation of cervical nodes [3]. However there is uncertainty whether ADC
thresholds can be applied to discriminate benign from metastatic cervical nodes [4,5]. A number of methods are available to extract
additional parameters from diffusion-weighted images; these may potentially aid discrimination of benign from metastatic nodes. Our
aim was to assess multi-scale diffusion parameters (median volumetric nodal region of interest values, inter-voxel histogram
distributions, and intra-voxel diffusion heterogeneity as assessed by the stretched exponential model) as classifiers of nodal status in
patients with head and neck SCC.

Method: Patient Selection: Sixteen consecutive patients (mean age 61.8 years, 3 female) satisfying inclusion criteria of histologically
confirmed head and neck SCC with unilateral cervical nodal (N2a/N2b/N3) metastatic disease were recruited prior to primary chemo-
radiotherapy, between March 2010 and June 2011. Patients with only unilateral metastatic disease were chosen for study inclusion so
as to include benign contra-lateral nodes for subsequent comparison. All patients underwent contrast enhanced CT, routine MRI and
neck ultrasound = fine needle aspiration of lymph nodes to confirm nodal status. Diffusion Imaging Protocol: Axial diffusion weighted
images of the neck were acquired supine using a 1.5T Siemens Avanto (Siemens, Erlangen, Germany) magnet with the manufacturer’s
carotid coils. A Short Tau Inversion Recovery - Echo Planar Imaging (STIR-EPI) sequence using diffusion gradients applied in 3
orthogonal directions at each of 6 b-values (0, 50, 100, 300, 600 and 1OOOs/mm2) was used. Trace diffusion-weighted images for each
slice were automatically reconstructed using the manufacturers workstation (Siemens, Erlangen, Germany). ADC maps using all 6 b-
values (ADCgp), low b-values alone (0, 50 and 100) (ADCrast), and high b-values alone (300, 600 and 1000) (ADCgow) Were derived from
the trace images by a mono-exponential non-linear least squares (Levenberg-Marquardt algorithm) fit performed using a commercial
software package (MATLAB 2011b, The MathWorks Inc., Natick, MA, 2000). A further stretched exponential fit was performed using the
same software, and a value and stretched exponential distributed diffusion coefficient (DDC) maps derived. Two experienced
radiologists contoured the entire volume of solid components of the abnormal cervical node and separately the contralateral normal
node on b300 images. ROIs from the b300 images were transferred electronically to corresponding parameter maps (ADCeb, ADCrast
and ADCgjow, a value and DDC), and a list of voxel by voxel parameter values for metastatic and benign cervical nodes derived. Median
values for the entire tissue volume for benign and metastatic nodes were calculated for
each parametric map. The population distribution histogram of each parameter for

statur;zzzenign benign and metastatic nodal volumes was plotted and skewness and kurtosis of the

misclassed = 50% distributions recorded. Statistical Analysis: Histogram skewness, histogram kurtosis

and median values of ADCgp, ADCrast and ADCgjow, 0 value and DDC were compared
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rank test using a commercial statistic package (Prism 5.0 for Mac, GraphPad Software,
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status and the area under the curve (AUC) calculated.
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status = benign status = metastatic derived parameter (p=0.074 to 0.979). The decision tree diagram for classification of
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ADCeg, histogram and the kurtosis of the ADCgp, histogram had a relative importance of
100%, 37.5% and 36.7% respectively. The ROC-AUC for the prediction of metastatic

vical nodal
nodal status was 0.97.

Conclusion: Our results suggest that the low b value derived ADC (perfusion sensitive)
estimate is the key parameter facilitating discrimination of metastatic from benign nodes in patients with head and neck SCC; and
causes diffusion heterogeneity which is lost within metastatic nodes (producing a value differences between benign and metastatic
nodes); and that the a value together with histogram features of ADC can provide a decision tree model for classification of nodal
status.
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