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MR Textural Analysis in Oral Cavity Cancer

Abstract

Objective: To explore the utility of MR texture analysis (MRTA) for detection of nodal extracapsular

spread (ECS) in oral cavity squamous cell carcinoma (SCC).

Methods: 115 patients with oral cavity SCC treated with surgery and adjuvant (chemo)radiotherapy
were identified retrospectively. First-order texture parameters (entropy, skewness and kurtosis) were
extracted from tumour and nodal regions of interest (ROI) using proprietary software (TexRAD). Nodal
MR features associated with ECS (flare sign, irregular capsular contour; local infiltration; nodal necrosis)
were reviewed and agreed in consensus by two experienced radiologists. Diagnostic performance
characteristics of MR features of ECS were compared with primary tumour and nodal MRTA prediction
using histology as gold standard. Receiver operating characteristics (ROC) and regression analysis was

also performed.

Results: Nodal entropy derived from contrast enhanced T1 weighted images was significant in
predicting ECS (p =0.018). MR features had varying accuracy: flare sign (71%); irregular contour (70%);
local infiltration (66%); nodal necrosis (64%). Nodal entropy combined with irregular contour was the

best predictor of ECS predictor (p=0.004, accuracy 79%). ECS was the only predictor of overall survival.

Conclusion: First-order nodal MRTA combined with imaging features may improve ECS prediction in

oral cavity SCC.
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Key Points

1. Nodal MR textural analysis can aid in predicting extra capsular spread (ECS)
2. Nodal entropy was strongly significant in predicting ECS

3. Combining nodal entropy with irregular nodal contour improves predictive accuracy
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Introduction

Oral cavity carcinoma affects approximately 260,000 people globally each year [1]. Over 90% of
tumours affecting the oral cavity are squamous cell carcinoma (SCC) with the main risk factors being
smoking and alcohol intake [2]. The new 8th Edition of the TNM Classification of Malignant Tumours
includes nodal extracapsular spread (ECS) in staging criteria for the first time, with ECS spread leading
to the majority of patients’ disease being upstaged compared to patients with malignant lymph nodes
without ECS [3]. This reflects the associated poor prognosis associated with ECS [4—6]. The current

gold standard for detection of ECS is neck dissection and pathological staging.

The accuracy of pre-operative ECS detection varies between different imaging techniques with the
mean sensitivity and specificity reported as 0.77 and 0.85 for CT, 0.85 and 0.84 for MRI and 0.87 and
0.75 for ultrasound with increasing accuracy in larger lymph nodes [7, 8]. Features on MRI associated
with an increased likelihood of ECS include central necrosis, irregular contour, local infiltration and

flare sign [9, 10].

There is increasing academic interest in extraction of additional quantifiable characteristics and
features from imaging, referred to as radiomics. MRI textural analysis (MRTA) is an emerging
application used to obtain additional non-visible imaging data for analysis using different statistical
tests or models [11, 12]. One promising method applies filtered histogram analysis of extracted data
and produces a range of first order parameters. These include entropy (a measure of disorder),
kurtosis (how sharp the peak of the histogram is), skewness and mean [13]. These parameters do not
take into consideration spatial relationship between pixels and therefore provide a more simplistic

form of analysis which is less likely to be influenced by errors which can be introduced by different
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scanners and scanning protocols [14]. Of these, entropy is the least likely to be influenced by variation

in scanning parameters [14, 15].

The aim of this study was to compare diagnostic accuracy of traditional MRI features of ECS (central
necrosis, irregular contour, local infiltration and flare sign) with first-order textural features (entropy,
kurtosis and skewness) for predicting ECS in patients with known oral cavity carcinomas. Primary

tumour textural features were also correlated with ECS status.

Materials and Methods

Ethical Considerations

Formal ethics approval or patient consent was not required as this was a retrospective data review

and a waiver is granted at our institution in this circumstance.

Patient cohort

Patients with oral cavity SCC treated with surgery and (chemo)radiotherapy between 2008-16 with a
pre-surgery MRI scan were retrospectively identified. 160 patients had MRI studies for oral cavity
carcinoma during the study period. Of these 45 were excluded from the study due to no primary lesion
being identified or artefact obscuring the lesion. 115 patients were included in the study (mean age
60 years, range 31-89 years, 73 (63%) males). Demographic data and pathology details were obtained
from the institutional electronic patient record. All pre-surgery MRI scans were reviewed to
determine whether any abnormal lymph nodes were present. For this purpose, an abnormal neck

lymph node was defined as > 1cm in short axis, and/or with altered morphology or abnormal signal
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characteristics. 73/115 patients were found to have abnormal lymphadenopathy on the pre-surgery

MRI.

MRI technique

All MR imaging was performed using 1.5T MR scanners. The MR imaging protocols varied between
manufacturers but included axial T1-weighted spin-echo images following an intravenous dose of

0.1mmol/kg of Gadolinium-based contrast and axial T2-weighted fast spin-echo images (Table 1).

Conventional MR image interpretation

The presence or absence of MR features associated with ECS (flare sign, irregular capsular contour,
local infiltration, nodal necrosis) were independently assessed by two radiologists with a minimum of
7 years’ experience of interpreting oncological head and neck MR imaging. Examples of the different
MR features associated with ECS are depicted in Figure 1. Imaging was reviewed using an institutional
picture archiving and communication system (PACS, Impax Version 6.5, Agfa Healthcare, Mortsel,
Belgium). The radiologists were blinded to histological findings, there was moderate inter-observer
agreement, k= 0.6 p= <0.001. There were seven cases where there was a difference in opinion, these

were then agreed in consensus.

MR Textural Analysis

Separate regions of interest (ROl) encompassing the largest nodal cross-sectional area and the primary
tumour were defined on T2-weighted (T2-W) and post-contrast T1-weighted (CET1-W) images by two
trainee radiologists under supervision by the two experienced radiologists. Cases were excluded if the

primary tumour was not demonstrable on imaging, if images were significantly degraded by artefact
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(motion/magnetic susceptibility artefact from dental amalgam) or if nodal size was less than 1cm in
short axis. First-order texture parameters (entropy, skewness and kurtosis) were extracted from the
ROIs using proprietary software (TexRAD, Cambridge Computing Ltd, UK) with fine (2mm), medium (4
mm) and coarse (6 mm) filters (Figure 2). The textural parameters were defined by the following

equations:

k
Entropy = —zp(l) *log2(p())
I=1
k
Skewness = 073 Z(I —w3p)
I=1

k
Kurtosis = 0‘42(1 —wi*p() -3

I=1

Where k reflects the grey level, o is standard deviation, | is the intensity of the pixel value and P(l) is

the probability of that pixel value occurring.

The filtration step employs a Laplacian of Gaussian band-pass spatial scale filter highlighting features
at different widths (i.e. radii of 2mm, 4mm and 6mm). The filter sizes are independent to pixel size
and therefore allow for integration of imaging features from fine to coarse (Figure 3). The first-order
parameters mean, mean positive pixels (MPP) and standard deviation were excluded from analysis to
mitigate against potential bias caused by signal intensity variation across different scanners and
scanning protocols [14, 16]. Sub-centimetre lesions were not included due to possible sampling errors

which have been reported in previous work assessing imaging textural analysis [17-19].
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Statistical Analysis

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy of
MR predictors of ECS were compared with histology as gold standard. MR textural analysis
performance in predicting ECS was assessed using an independent t-test and Mann Whitney U test for
non-parametric data. Correction for multiple testing was performed using the Holm-Bonferroni
method. Areas under the curve (AUC) calculated by receiver operating characteristics (ROC) analysis
and optimal threshold were calculated for texture parameters. Binary logistic regression was used to
explore the relationship between the variables and ECS. Cox regression was used to evaluate
predictors of survival. Multicollinearity was assessed via the variance inflation factor (VIF). All

statistical analyses were performed using IBM SPSS Statistics (Version 22, IBM Corp, Amonk, NY, USA).

Results

Detailed patient characteristics are provided in Table 2. 45 of the 115-patient cohort (39%) had
histologically proven ECS and 70 (61%) had no evidence of ECS on neck dissection histology (38 out of
the 70 (54%) without ECS had metastatic lymph nodes at pathology). Of 115 patients included, 73
(63%) had measurable nodes (>1cm) on MR, 32 of these had ECS on histological examination.
Importantly, 13 (31%) of the 42 patients with no measurable lymphadenopathy on pre-operative MRI

demonstrated ECS on post-operative histology.

Analysis of first-order primary tumour textural features (n = 115) demonstrated no significant ability

to predict the presence of ECS following correction for multiple testing (Table 3).

Analysis of first-order nodal textural features (n = 73) revealed that entropy extracted from nodal ROIs

had a statistically significant correlation with ECS on CET1-W imaging independent of filtration level
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when using independent T-test, corrected for multiple testing (Table 4). Entropy extracted with a
medium-filter from CET1-W nodal ROIs demonstrated the most significance for predicting ECS
(p=0.018, AUC = 0.7), with sensitivity 73%, specificity 53%, PPV 57%, NPV 69%, accuracy 60 % with a

threshold > 5.26. Nodal kurtosis and skewness were not significant predictors of ECS (Table 4).

Of the 73 patients with measurable nodal disease, 13 (18%) demonstrated the flare sign (sensitivity
38%, specificity 95%, PPV 86%, NPV 66%, accuracy 70%), 42 (37%) demonstrated an indistinct capsular
contour (sensitivity 69%, specificity 27%, PPV 42%, NPV 52%, accuracy 71%), 13 (18%) demonstrated
infiltration of adjacent tissues (sensitivity 31%, specificity 93%, PPV 77%, NPV 63%, accuracy 66%) and
47 (41%) central nodal necrosis (sensitivity 72%, specificity 41%, PPV 49%, NPV 65%, accuracy 64%).
All MRI characteristics demonstrated significance (p < 0.05) using a Fisher’s exact test. Predictive

performance of MRI characteristics and CET1-W nodal entropy are compared in Table 5.

Binary logistic regression was performed to determine the relationship between medium filter CET1-
W and T2-W nodal entropy, fine filter T2-W primary tumour skewness and MR characteristics in the
overall prediction of ECS. Each of the parameters were included in the model and the least significant
was removed in a stepwise process until the only parameters remaining significantly contributed to
the model. Both CET1-W entropy and the presence of an irregular nodal contour had a significant
contribution to the model (Wald criteria p = 0.01 and p = 0.004 respectively) which itself was
statistically significant in the prediction of ECS (chi square = 19.155, p < 0.001 with df = 2). The overall
correct prediction being 79% (sensitivity 72%, specificity 84%, PPV 79%, NPV 78%, accuracy 79%

(Figure 4)).
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40 (of 115, 34.8%) patients died during the study period, with 21 (53%) having histological evidence
of ECS. Cox regression was performed to assess the relationship between survival, age, perineural or
lymphovascular spread, type of adjuvant treatment (chemoradiotherapy or radiotherapy) and
medium filter T2-W primary tumour skewness. No parameter was significant in predicting survival
outcome. Repeating the analysis for the 73 patients with measurable lymphadenopathy with inclusion
of CET1-W and T2-W nodal entropy and MR characteristics again demonstrated no significant survival

outcome prediction.

Discussion

Our results indicate that the use of CET1-W nodal entropy may aid in the prediction of ECS, and that
combining this with more subjective imaging parameters such as the presence of an irregular nodal
contour improves predictive accuracy. To the best of our knowledge the use of MRTA to predict ECS

in oral cavity carcinoma patients has not previously been reported.

The presence of ECS in patients with oral cavity carcinoma is a significant prognostic indicator of poor
outcome, associated with reduced 5-year survival rate, higher local recurrence rate and increased
incidence of distant metastases [20]. Many previous studies have looked at the accuracy of different
nodal imaging characteristics to correctly identify the presence of ECS with varying results. A meta-
analysis by Su et al. assessed the accuracy of imaging features to determine ECS in patients with head
and neck cancer, including nodal necrosis (sensitivity 80%, specificity 57%, accuracy 68%), local
infiltration (sensitivity 50%, specificity 100%, accuracy 75%), irregular contour (sensitivity 50%,
specificity 100%, accuracy 75%) and flare sign (sensitivity 77%, specificity 93%, accuracy 88%) [7].
More recent studies by Carlton et al. and Aiken et al. focussing on detection of ECS in patients with

oral cavity cancer reported less impressive performance metrics for irregular contour (sensitivity 7-
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48%, specificity 86-100%, accuracy 44-63%), infiltration into adjacent tissues (sensitivity 50%,
specificity 84-86%, accuracy 63-65%) and nodal necrosis (sensitivity 63-64%, specificity 70-78%,
accuracy 67-69%) [21, 22]. Randall et al. found the only imaging feature on CT which was statistically
significant in predicting ECS in patients with oral cavity cancer was nodal necrosis (sensitivity 91%,
specificity 50%, PPV 59%, NPV 88%) [23]. Prediction of ECS with MR defined characteristics in the
current study was slightly better with flare sign (70%) and irregular contour (71%) having the best

accuracy. This does highlight the need for an objective non-invasive prediction tool.

Nodal entropy extracted from CET1-W images (an objective measurement) had a significant
correlation with ECS. Although this metric did not outperform subjective MR features, using binary
logistic regression analysis the combination of CET1-W nodal entropy and presence of irregular nodal
contour improved non-invasive prediction of ECS. This combination had the highest accuracy overall

(79%).

The likelihood of detection of significant ECS has been demonstrated to increase as size of lymph
nodes increases but it is also well recognised to occur in small nodes [5]. In this series 13 (29%) of 45
patients with ECS did not have measurable (<1cm) nodal disease on baseline imaging. Sub-centimetre
lymph nodes were not analysed in our study due to concerns regarding possible sampling errors
related to the spatial resolution of MRI. Previous PET and MR studies have also adopted this
methodology [17-19]. There is currently a paucity of data analysing the effects of size of ROl on
accuracy of MRTA. Hatt et al. concluded that textural features and metabolic volume complemented
each other when volumes >10cm® were used which echoes concerns of partial voluming limiting
accurate interpretation [18]. There remains an as yet unmet clinical need to reliably detect ECS in sub-

centimetre nodes non-invasively. One approach might be to build a predictive model encompassing

11
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primary tumour imaging phenotype. In this series, primary tumour skewness (fine filter) extracted

from T2-W imaging was significant in predicting ECS but had poor accuracy (47%).

Textural features extracted from the primary tumour and nodal disease did not predict survival in this
study. Seven of the patients who died had ECS with no measurable lymphadenopathy on MR which
partly explains the findings that even though CET1-W nodal entropy and MRI characteristics had a
significant ability to predict ECS they cannot significantly predict patient survival. Wreesman et al.
reported a prognostic difference in how far tumour breached the nodal capsule with spread greater
than 1.7mm having a worse prognosis [5]. This aspect was not evaluated in our study as the
histological records for the patient cohort did not quantify the magnitude of ECS, a future study
combining digital pathology with imaging could allow direct assessment of how nodal entropy

correlates with extent of nodal capsular breach.

Our study was designed as a preliminary hypothesis generating study and consequently has several
limitations, particularly the retrospective nature and imaging acquisition on different scanners. To
mitigate against inherent variations in signal intensities between imaging data acquired on different
scanners using similar but non-identical protocols, only three first order parameters: entropy, kurtosis
and skewness were analysed. These three textural features reflect the shape and variation of imaging
data rather than signal intensity differences; this should have limited the introduction of bias/sampling
error. Ideally MR images should at least have the same slice thickness and field of view throughout
the cohort of patients, with the spatial resolution being demonstrated to have a greater effect on
variation of parameters when compared to repetition time, echo time and bandwidth [15, 24, 25]. The
lack of standardised imaging protocols between institutes is a well-recognised limitation of
retrospective radiomics research [25]. Predictive performance may improve with the inclusion of

other MRI imaging sequences, including diffusion weighted imaging and should be explored in future

12
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studies. The use of a single ROl which was performed by a single reader and agreed in consensus is
also a limitation, as we were unable to analyse reproducibility of segmentation. Post-processing of MR
data acquired from different scanners to erase inter-patient differences in intensity range, and
resampling to a uniform matrix size has been shown to negate the effects of different MRI scanning
protocols [26]. At present there is no agreed MRI harmonization method for multicentre radiomic
analysis but this is the subject of current work by a number of groups. A recent review by Lambin et
al. details key methodological steps and introduces the concept of a radiomics quality scoring system

to try and improve the robustness of future textural analysis studies [27].

We chose to study oral cavity tumours as they are primarily treated surgically, and histology was
therefore available for comparison. Non-invasive detection of ECS pre-surgery is unlikely to alter
intended management in this patient cohort. Conversely, the ability to accurately predict presence of
ECS on baseline imaging in more common types of head and neck squamous cell carcinoma,
particularly oropharyngeal SCC, has the potential to guide treatment stratification and warrants
further study. In the first instance, a controlled prospective study to validate our initial findings is

required.

Conclusion

First order MRTA combined with imaging features may improve detection of ECS in oral cavity SCC.

Further investigation is required to validate these initial results in a controlled prospective study.
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Table 1: The parameters used in the different scanner protocols within the study

Siemens Philips GE

Protocol 1 Protocol 2 Protocol 3 Protocol 1 Protocol 1

CET1 | T2 CET1 | T2 CET1 | T2 CET1 | T2 CET1 | T2 CET1 | T2
Repeti | 600 | 1045 | 770 | 5940 | 615 | 6400 | 700 | 4900 | 790 | 6230 | 710 | 7940
tion 0
time
(ms)
Echo 11 80 22 92 13 116 | 15 110 15 120 | 12 80
Time
(ms)
Echo 3 13 2 13 3 13 5 20 4 15 3 26
Train
Band (305 |[200 |200 |190 |250 | 120 |370 | 195 273 109 | 244 195
width
(Hx/pi
xel)
Field 240x | 200x | 180x | 180x | 250x | 250x | 230x | 230x | 230x | 230x | 240x | 240x
of 240 | 200 |180 |180 | 250 |250 |230 |230 |230 |230 |240 | 240
view
Slice 3 3.5 5 5 4 4 5 5 5 5 6 6
Thickn
ess
(mm)
Slice 1 1 1 1 1 1 1 1 1 1 1 1
Gap
(mm)
Base 256x | 320x | 256x | 256x | 320x | 320x | 208x | 368x | 256x | 368x | 320x | 352x
Matri | 166 | 192 192 192 244 | 208 167 | 290 | 204 |293 | 256 | 352
X
Pixel 09x |0.6x |0.7x |0.7x | 0.8 |0.8x (0.8 |0.48 |[0.89 |05x |0.8x |0.7
size 14 1.0 0.9 0.9 1.0 1.2 x1.4 | x0.8 |x1.1 |0.8 0.9
(mm)

Key: CET1 = Contrast-enhanced T1-weighted sequence, T2 = T2-weighted sequence

17
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Table 2: Baseline characteristics and demographics of the patient cohort

Gender

Male

Female

Age (Mean, +/- range)
Scanner imaging performed
Siemens Protocol 1
Siemens Protocol 2
Siemens Protocol 3
Philips Protocol 1
Philips Protocol 2

GE Protocol

Primary Site

Lip

Anterior 2/3rd of the tongue
Buccal Mucosa
Alveolus

Retromolar Trigone
Floor of the mouth

T stage (pathological)
T1

T2

T3

T4a

T4b

N Stage (pathological)
NO

N1

N2a

N2b

N2c

73 (63%)
42 (37%)

60 years (31-89 years)

57 (50%)
10 (9%)
9 (8%)

8 (7%)
20 (17%)

11 (10%)

2 (2%)
59 (51%)
9 (8%)
4 (3%)
14 (12%)

27 (23%)

12 (10%)
47 (41%)
15 (13%)
40 (35%)

1(1%)

33 (29%)
25 (22%)
0

50 (43%)

7 (6%)

18
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N3
ECS
Positive

Negative

Lymphovascular Spread

Positive

Negative

Perineural Spread
Positive

Negative

Adjuvant Treatment
Chemoradiotherapy
Radiotherapy
Declined

Follow up

Alive

Deceased

45 (39%)

70 (61%)

51 (44%)

64 (56%)

62 (54%)

53 (46%)

35 (30%)
76 (66%)

4 (4%)

75 (65%)

40 (35%)

19
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Table 3: Correlation between primary tumour first order textural parameters and ECS

Textural MR Filter Extracapsular No P value | Corrected
Parameter | Sequence size Spread Extracapsular P value
(mm) spread

Mean SD Mean SD

Entropy T1 2 6.12 0.73 6.11 0.65 0.926
T1 4 6.19 0.77 | 6.16 0.68 0.872
T1 6 6.20 0.79 | 6.16 0.67 0.817
T2 2 6.17 0.70 | 6.15 0.57 0.881
T2 4 6.20 0.72 | 6.18 0.58 0.858
T2 6 6.18 0.74 | 6.17 0.60 0.955

Skewness Tl 2 0.15 0.53 0.22 0.59 0.510
T1 4 -0.09 0.56 | -0.10 0.56 0.948
T1 6 -0.23 0.47 | -0.26 0.57 0.784
T2 2 0.28 0.51 | 0.54 0.66 0.025* 0.45
T2 4 0.05 0.50 | 0.19 0.61 0.213
T2 6 -0.04 0.42 | 0.37 0.56 0.443

Kurtosis T1 2 0.36 1.82 | 0.53 1.46 0.794
T1 4 -0.04 1.13 | -0.02 0.97 0.614
T1 6 -0.17 0.88 | -0.66 1.1 0.233
T2 2 0.37 0.99 | 0.77 2.26 0.069
T2 4 -0.23 0.95 | 0.02 1.36 0.504
T2 6 -0,24 0.84 | -0.18 0.83 0.866

Key: T1 = Contrast-enhanced T1-weighted imaging, T2 = T2-weighted imaging,

* = p <0.05. Values for kurtosis represent median and IQR. The corrected P value was calculated using
the Holm-Bonferroni method.
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Table 4: Correlation between nodal first order textural parameters and ECS

MR Textural Analysis in Oral Cavity Cancer

Textural MR Filter Extracapsular No P value | Corrected
Parameter | Sequence size Spread Extracapsular P value
(mm) spread
Mean | SD Mean SD
Entropy T1 2 5.76 0.77 5.20 0.78 0.003* 0.051
T1 4 5.81 0.78 5.18 0.78 0.001* 0.018*
T1 6 5.81 0.79 5.23 0.81 0.003* 0.051
T2 2 5.85 0.77 5.50 0.55 0.037%* 0.481
T2 4 5.89 0.75 5.48 0.57 0.013* 0.195
T2 6 5.87 0.75 5.46 0.57 0.013* 0.195
Skewness T1 2 -0.04 | 0.39 -0.18 0.40 0.778
T1 4 -0.44 0.44 -0.19 0.33 0.124
T1 6 -0.11 | 0.31 -0.24 0.33 0.092
T2 2 0.10 0.48 0.74 0.46 0.832
T2 4 -0.002 | 0.39 0.013 0.52 0.894
T2 6 -0.05 | 0.46 0.02 0.47 0.561
Kurtosis T1 2 -0.39 | 0.69 -0.40 0.73 0.450
T1 4 -0.52 | 0.97 -0.63 0.71 0.308
T1 6 -0.80 | 0.56 -0.72 0.71 0.322
T2 2 -0.34 | 0.76 -0.30 0.72 0.748
T2 4 -0.62 | 0.65 -0.58 0.68 0.880
T2 6 -0.76 | 0.46 -0.82 0.55 0.417

Key: T1 = Contrast-enhanced T1-weighted imaging, T2 = T2-weighted imaging,

* = p <0.05. Values for kurtosis represent median and IQR. The corrected P value was calculated using
the Holm-Bonferroni method.

Table 5: Comparison of diagnostic performance characteristics for detection of ECS of different
textural parameters and MRI imaging features

Parameter Sensitivity | Specificity | PPV NPV (%) | Accuracy
(%) (%) (%) (%)
CET1-W Nodal Entropy (5.26) - | 72 54 56 69 60
medium filter
Flare sign 38 95 86 66 70
Indistinct capsular contour 69 27 42 52 71
Infiltration of adjacent tissues 31 93 77 63 66
Central necrosis 72 41 49 65 64

Key: CET1-W = Contrast-enhanced T1-weighted imaging, T2-W = T2-weighted imaging, () = threshold

value.
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MR Textural Analysis in Oral Cavity Cancer

Figure 1: Axial T2- and T1-weighted contrast enhanced images depicting MR features associated with
extracapsular noda spread (ECS) including flare sign (white arrow), irregular nodal contour (white

arrowhead), central nodal necrosis (red arrow) and soft tissue infiltration (red arrowhead)

Figure 2: Screenshot from TexRad demonstrating a region of interest drawn around a left level 2 lymph
node on an axial fat-suppressed T2-weighted image with the associated histogram of measured
intensities
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MR Textural Analysis in Oral Cavity Cancer

Figure 3: Screenshot from TexRad demonstrating a region of interest (ROI) drawn around a right level
2 lymph node on a fat-supressed T1-weighted contrast enhanced image (a) with the corresponding
segmented ROl with fine (2mm), medium (4mm) and coarse (6mm) filters applied (b, ¢ and d
respectively)
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MR Textural Analysis in Oral Cavity Cancer

Figure 4: Receiver Operating Characteristics (ROC) curve for the CET1-W and MR irregular contour
model’s ability to predict ECS
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Key: CET1-W — contrast-enhanced T1-weighted
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