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Abstract

The ABCD rule of dermoscopy is a way for a clinical diagnosis of melanoma that is based on low-level features
such as asymmetry, border, color, and differential structures. They are currently used for solving various tasks
related to the diagnosis of skin lesions. In this study, we are focusing on the diameter of the skin lesions (D
criterion) as a tool to identify the most effective distance metric measures for the evaluation of pigmented
lesions. The following distance measures were used: Euclidian and quasi-Euclidian, city block, chessboard
distances. They were compared with a manual distance (as a ground truth data) for accurate results. We sorted
140 skin lesion images into two categories (nevi and melanomas) based on diameter and diagnosis. To validate
and assess the clinical utility of the selected distance metrics, a receiver operating characteristic (ROC) curve and
AUC (area under the curve) together with Youden were employed. Data from the ROC and AUC analysis
suggest the chessboard distance as the sensitivity measure. It has higher values of sensitivity, specificity, and
accuracy, for both nevi and melanoma. However, the diameter criterion (D) cannot be a stand-alone feature for
melanoma detection but can be a valuable criterion and of increased suspicion for melanoma.
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1. INTRODUCTION

Melanocytic nevus or mole is a benign skin lesion caused by the proliferation of pigment-
producing cells (melanocytes) [1]. Melanoma is a form of skin cancer with an aggressive evolution
developed from a benign lesion and which is originated in the same pigment-producing cells [2]. Once
this type of skin cancer is detected at an early stage, it becomes treatable.

Statistics published by the American Cancer Society which is based on information from the
SEER database and the National Cancer Institute (NCI), show that early diagnosis of melanoma is
crucial to improving survival (higher than 90%).

Features based on size, shape, structure can be used to detect melanoma [3]. R.J. Friedman et
al. [4] designed the ABCD criteria for melanoma screening to facilitate early diagnosis of cutaneous
melanoma. These characteristics can be assessed according to the ABCDE clinical rule [5], the
ABCDETF rule [6], the ABCD rule of dermatoscopy [7] or other methods. ABCDEF is an acronym for
Asymmetry, irregular Border, at least three different Colors, Diameter, Evolution (i.e. significant
change of the inspected lesion during time), and F denotes so called "ugly duck sign", i.e. a dissimilar
appearance of malignant melanoma to the rest of melanocytic lesions.
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G. Grammatikopoulos et al. [8], proposed a total dermatoscopy score based on A, B, C, and D
features. While A and D can be calculated with good accuracy, A and B suffer from a degree of
inaccuracy. In order to calculate the diameter, the horizontal and vertical dimensions of the lesion
were calculated as h = max (i) —min (i) and v = max (j) —min (j), where (i, j) denotes the coordinate of
the pixels placed on the border of the lesion. The diameter is determined as D = max (h, v) in pixels,
i.e. it would be the maximum of the two dimensions.

R. Garnavi et al. [9] proposed an original method to compute the greatest diameter and
shortest diameter. The greatest diameter is defined as the distance between the farthest border points
passing through the center of the lesion. The shortest diameter connects the two nearest boundary
points and passes across the center of the skin lesion.

U. Kalwa et al. [10] proposed a smartphone application-based on the ABCD rule and a
support vector machine (SVM) classifier to diagnose skin lesions as benign or malign. D is computed
after an affine transformation (i.e. the lesion axes are aligned to the x-y coordinate system) using the
side length of the minimum area rectangle.

AM. Glazer et al. [11] investigated the correlations between the quantitative ABCD
parameters and clinical observations of ABCD. The values of A, B, C, and D features were measured
using a multispectral digital device. The diameters of studied lesions were from 2 to 22 mm. The
highest level of agreement (89%) between quantitative and clinical observations of ABCD parameters
was found in the diameter D feature.

N. Emiroglu et al. [12], determined the frequency of dermoscopic features in trunk melanomas
based on the features such as the ratio of blue-gray veil, regression structures, milky-red areas, and
multicomponent structures. Also, a statistical analysis according to the distribution of diameter values
(less than 6 mm, larger than 6 mm) was performed by assessing dermoscopic and clinical images, and
data provided by histopathological and clinical investigation. Their results indicated that dermoscopic
features are statistically significant for large-diameter melanomas.

The present study aims to determine the performance of Euclidean (DE), chessboard (DC),
city block (DB) and quasi-Euclidean (DQ) metrics in the estimation of the diameter feature values of
the skin lesions, in digital images. The ground-truth is constructed by manual measurements. The
performances of the DE, DC, DB, DQ measurements were analyzed using the ROC curves, the area
under the curve (AUC) and the Youden Index (J), and related performance characteristics like
sensitivity, specificity, and accuracy [13].

Afterward, the results of this study can be used for improving the apps devoted to skin lesion
analysis.

2. MATHEMATICAL APPROACHES

a) Metric definition
A metric space (X, d) is a set X that has the concept of the distance d (X, y) between any pair
of points x, y € X. A metric is a function of the set X, that satisfies the following properties for a
distance [14]:
d(x,y)>0Vx,yeX, (Non —negativity);

d(x,y)=0<x =y, (Identity); (
d(x,y) =d(y,x) Vx,yeX, (Symmetry); )
d(x,y)<d(y,z)+d(z,y)Vx,y,zeX, (Triangular inequality)

b) Euclidean distance (DE)
In 2-D, DE between two points (x;,y;) and (X,,Y,) is [15]:

DE={/(x,%,)" +(y,¥,)" 2)

¢) Chessboard distance (DC)
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In 2-D, DC between two points (x,Y;) and (X,,Y,)is [16]:

DC = max(|xl — XY Y2 |)
3)
d) City block distance (DB)
In 2-D, DB between two points (X,Y,) and (x,,Y,) is [17]:
DB:|X1 _X2|+|Y1 _YQ|
4)
e) Quasi-Euclidean distance (DQ)
In 2-D, DB between two points (X, y,) and (x,,y,) is [18]:
DQ = |X1 - X2|+ (\/E_l)|YI - YZ|’ f0r|X1 - X2| > |Y1 - Y2| (
DQ=(\/5—1)|Xl —X,|+|y, = ¥,|, otherwise 5)

f) ROC curve (Receiver Operating Characteristics)

The ROC curve is a two-dimensional curve displaying the sensitivity (probability of having a
positive test when you are sick) on the Ox axis and (l-specificity) (false positive rate, i.e. the
probability of having a negative test, when you are healthy) on the Oy axis. The following parameters
are used: Sensitivity = TP / (TP + FN) and Specificity = TN/ (TN + FP), respectively. TP is a positive
prediction and positive response, TN is a negative prediction and negative response, FP is a positive
prediction and negative response, and FN is a negative prediction and positive response. The ideal test
is equally sensitive and specific [19].

The ROC curve provides a global assessment and the area under the curve (AUC) indicates
how efficient a feature is, according to the declared goal [20]. The larger the AUC value, the more
accurate the model is, and a better classification of the results is obtained [21]. Three basic elements of
method validation are addressed: sensitivity (the proportion of a positive test among that cases
knowing to have an issue), specificity (the proportion of a negative test among that cases not knowing
to have an issue), and accuracy (the proportion of true results, either true positive or true negative).

g) Youden Index (J)

It is defined as J = maximum (Sensitivity + Specificity —1) and is another statistical
interpretation of the ROC curve that allows the determination of the maximum cut-off point [22].
Lower J values indicate that the analyzed feature has no relevance for the study [23].

3. METHOD

The programming environment was MATLAB R2017a. The experimental hardware
environment was a computer with Processor: Intel (R) Core (TM) i3-4030U, CPU 1.9 GHz, Installed
memory (RAM): 4 Gb, System type: 64-bit Operating System, x64-based processor. The ROC
analysis was performed in the Medcalc application.

The dataset contains 140 color digital images (70 melanomas and 70 nevi), images from the
digital archive of the Department of Dermatology within the University Medical Center of Groningen
(UMCQG), used for the development and testing of the MED-NODE system for skin cancer detection in
RGB color digital images.

Proposed algorithm:

Input: RGB image

Output: distance measure values

{Step 1} Import RGB images;

{Step 2} Convert RGB image to gray image;
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{Step 3} Image binarization;

{Step 4} Measure the manual diameter of skin lesions;

{Step 5} Compute DE, DC, DB and DQ metrics for diameter of skin lesions assessment;
{Step 6} Repeat steps 1-5 for 140 digital images containing skin lesions.

{Step 7} Plot the ROC curves and compute AUC and J performance indices;

Figure 1 shows the flowchart of the proposed method.

.............................................
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Fig. 1. Flowchart of the proposed method showing the steps involved in the processing of lesion
images

The manually measured distance (MD) is determined using the Open Image Viewer app in the
Matlab environment. First, the image is binarized, and then the maximum distance between two white
pixels placed on the lesion boundary is determined. MD is the ground-truth for our method.

4. RESULTS AND DISCUSSIONS

A dataset containing 140 images (70 melanoma and 70 nevi) is investigated by using five
distance metrics. The performance of the proposed metrics in differentiating between nevi and
melanoma has been investigated using the area under the curve (AUC) and the Youden index derived
from ROC curves.

The ROC curves, AUC values, and threshold values that were associated with the best Youden
indices are presented in figures 3 and 4.

The stability of the proposed metrics is determined using the following threshold values:
AUC> 0.6 and the Youden index J>1.
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Fig. 3. Receiver Operating Characteristics ROC curves Area Under the Curve AUC and
Youden index J for discriminating distance metrics; (a) DC-DM, (b) DB-DM,
(c) DE-DM and (d) DQ- DM, in the nevi case.
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Fig. 4. Receiver Operating Characteristics ROC curves Area Under the Curve AUC
and Youden index J for discriminating distance metrics; (a) DC-DM, (b) DB-DM,
(c) DE-DM and (d) DQ -DM, in the melonoma case.
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All investigated distance metrics used for diameter measurement of the skin lesions had AUC
values larger than 0.9. The best AUC values were determined for the Chessboard distance (DC)
metric, namely 0.979 for nevi and 0.982 for melanoma. The Youden index J is 0.8426 for the nevi
class, and 0.875 for the melanoma class indicating an excellent relevance of this metric for the
declared goal. The smaller AUC values were obtained for the Euclidean distance (DE) with a value of
0.909 for the nevi class, and for the Quasi-Euclidean distance (DQ) with a value of 0.929 for the
melanoma class, respectively. Similarly, the smaller values for J were obtained for the City block
distance (DB) with 0.6661 for the nevi class and 0.6767 for the melanoma class, respectively.

The accuracy, sensitivity, and specificity are summarized in Table 1.

Table 1. The sensitivity, specificity, and accuracy of proposed distance metrics: DC-DM, DB-DM,
DE-DM, and DQ- DM, in the nevi and melanoma case.

DC-DM DB-DM DE-DM DQ -DM
Sensntlylty 92.96 69.74 80.82 83.33
(nevi)
Sensitivity 3750 87.34 95.83 92.83
(melanoma)
Spec1ﬁ.c1ty 91.30 96.87 89.55 89.71
(nevi)
Specificity 100.00 80.33 75.00 73.53
(melanoma)
Accuracy 92.13 83.30 85.18 86.52
(nevi)
Accuracy 93.75 83.83 85.41 84.68
(melanoma)

In terms of sensitivity and specificity, the Chessboard distance (DC) shows a balanced
accuracy for nevi (92.13) and melanoma (93.75) (Table 1).

Conversely, city block (DB) has sensitivity values of 69.74/87.34 vs. specificity of
96.87/80.33 and 83.30/83.83 accuracy, respectively. Similarly, the values for Euclidean (DE) show
sensitivity values of 80.82/95.83 vs. specificity of 89.55/75.00 and 85.18/85.41 accuracy, and quasi-
Euclidean (DQ) metrics indicate a sensitivity of 83.33/92.83 vs. specificity of 89.71/73.53 and
86.52/84.68 accuracy, respectively.

5. CONCLUSIONS

In this study, we have analyzed the capability of four distance metrics used to compute the
diameter of skin lesions to differentiate between nevi and melanoma classes. The proposed method
includes image binarization, lesion segmentation, diameter measurement, and classification-based on
ROC, AUC, and J tools. The results show excellent performance rates for Chessboard distance, an
AUC 0.979 for nevi and 0.982 for melanoma, respectively. Also, J is 0.8426 for nevi class, and 0.875
for melanoma class.

The study will be introduced in an app for differentiating common nevi from melanomas.
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