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Abstract

Introduction: Melanoma is a melanocytic tumor that is responsible for the majority of
skin cancer-related deaths. Breslow thickness is a major prognostic factor for melanoma
which is based on histopathological evaluation. Seborrheic keratosis (SK) is a very

common benign lesion with a clinical picture that may resemble melanoma.

Materials & methods: We used a multispectral imaging (MSI) LED-based device to
distinguish these two entities (melanoma and SK), with the use of autofluorescence
imaging with 405 nm and diffuse reflectance imaging with 525 and 660 narrow-band
illumination. We analyzed intensity values and shape descriptors of the acquired images.
The patterns of the lesions were also assessed with the use of particle analysis. In this
work, we assessed also the efficacy of MSI to predict Breslow thickness and developed a

classification algorithm to determine optimal safety margins of the melanoma excision.

Results: We found significantly higher intensity values in SKs compared with
melanomas and we found a significantly higher number of particles with high
fluorescence in SKs. We formulated a parameter, the SK index, using these values to
differentiate melanoma from SK with a sensitivity of 91.9% and specificity of 57.0%. We
have categorized melanomas into three different subgroups based on Breslow thickness
(<1 mm, 1-2 mm and >2 mm) using our algorithm with a sensitivity of 78.00% and
specificity of 89.00% and a substantial agreement (x = 0.67; 95% CI, 0.58-0.76). We
compared our results to the performance of dermatologists and our algorithm could reach

higher sensitivities and specificities.

Discussion & summary: To conclude this imaging technique is potentially applicable to
distinguish melanoma from SK based on the analysis of various quantitative parameters.
For this application, multispectral imaging could be used as a screening tool by general
physicians and non-experts in the everyday practice. In summary based on our findings,
this novel method may help also to predict the appropriate safety margins for curative

melanoma excision
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1. Introduction

1.2. Malignant melanoma

Melanoma (malignant melanoma, MM) is a malignant tumor that arises from
melanocytes. It is responsible for the majority of skin cancer-related deaths (1, 2).
Worldwide, approximately 232,100 new patients are diagnosed with melanoma annually
and it accounts for about 55,000 deaths every year (3). Today, MM is considered a
multifactorial disease with genetic factors and environmental influences, where the most
important and potentially modifiable environmental risk factor is exposure to ultraviolet
(UV) rays, which have genotoxic effects (4). Gandini et al have studied the association
between MM and solar radiation, concluding that the intermittent UV exposure appears
to be the major factor in the development of MM (5). Multiple severe sunburns in
childhood or adolescence are particularly harmful (6). Fitzpatrick I and Il skin types, red
and blonde hair colour, freckles, and light eye colour are considered predisposing factors
(7). High numbers of pigmented naevus, as well as atypical and congenital pigmented
moles, are also a risk factor (8, 9). However, only 30% of melanomas develop at the base
of naevus, they develop mostly de novo, in intact skin (10). Various genetic factors, such
as CDKNZ2A or BRAF mutations, as well as immunosuppressed status, are also a

significant risk factor (11).

Melanoma has four main subtypes: superficial spreading melanoma (SSM), nodular
melanoma (NM), lentigo maligna melanoma (LMM), and acral lentiginous melanoma
(ALM). Rare variants, such as desmoplastic melanoma, amelanotic melanoma, uveal
melanoma and mucosal melanoma (12-14) (Figure 1.). Unlike other types of skin cancers,
melanoma bears with an extreme metastatic potential and thus mortality, when compared
to the total tumor burden. This is why early diagnosis and treatment is crucial for the
patients’ long-term survival. Despite the easy accessibility, the differential diagnosis of
melanoma is still challenging. The dermatoscopic picture of MM is characterized by an
irregular pigment network that breaks without transition to the periphery, areas of
different colored unstructured areas, and diverse pigment clumps, often irregularly

located at the periphery of the tumor. The bizarre vascular pattern, the opalescent red
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clots, are also characteristic of melanoma. Bluish-grey dots (in melanomas with
spontaneous regression) may also be present, but are not of diagnostic value, as they may
be present in other lesions (15). There are many skin disorders which are similar to
melanoma, including dysplastic nevus, lentigo maligna, congenital and acquired
pigmented nevus, non-melanoma skin cancers, Bowen’s disease, actinic keratosis, Spitz-
nevus, blue nevus, hemorrhage, seborrheic keratosis and others (16-21). There is a
subgroup of malignant melanomas that are so similar to SKs that they make up even a
new entity named SK-like malignant melanomas (22). According to the American
Academy of Dermatology, the National Institute of Health and the National
Comprehensive Cancer Network, histopathological evaluation after surgical removal is
the gold standard for the diagnosis of melanoma (23, 24). The treatment for primary
malignant melanomas is surgical excision with an appropriate safety margin. In certain
countries it is done as a two-step procedure when the primary resection is followed by a
re-excision after the histopathological definition of the tumor thickness (25). Melanoma
in the early stages can be treated successfully with surgery alone (26) where advanced

cases need more complex treatment (26, 27).
1.1 Histopathological evaluation of melanoma and Breslow thickness

The Breslow tumor thickness or Breslow thickness is the maximum invasion depth
of the melanoma, the distance is given in millimeters between the granular layer of the
epidermis or the base of ulceration, and the deepest point invaded by tumor cells (23, 28)
not including deeper follicular or adventitial extension (23). This is a vital element of the
tumor staging (29) which defines the required surgical safety margin (30) (Table 1).
Reoperation is needed if histology finds thicker melanoma than clinically expected and
the melanoma excision had insufficient surgical margins. On the other hand, when the
tumor thickness is overestimated, a larger scar and potential loss of function of the
affected area can cause an unwanted burden for the patients (31, 32). The treatment of
melanomas in the head and neck area was proven to be even more challenging, and
excision with an appropriate surgical border is not always possible because of the

proximity of vital structures (33).

Table 1. Surgical margin recommendations for primary cutaneous melanoma (28)
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Tumor thickness Surgical
margin”
In situ 0.5cmt
<1.0 mm lcm
1.0t0 2.0 mm 1-2cm
>2.0 mm 2cm

“Surgical margins are measured from the border of the lesion clinically at the time
of surgery or biopsy. Margins may be modified depending on the site or because of
functional considerations.

+1 cm margin may be needed for lentigo maligna type in situ melanomas, especially
larger lesions on the facial region.

Breslow thickness is also the strongest predictor of metastatic spread (33) and
determines the need for sentinel lymph node biopsy (SLNB). According to the current
guidelines, SLNB is required if Breslow thickness is more than 0.8 mm (34). The US and
the European approach to surgery somewhat differ when the Americans tend to biopsy
every melanoma to determine the proper safety margin and then perform resection
according to the histopathology measurements (35). Europeans often make a clinical
assessment of the tumor depth and remove the melanoma with the presumed safety
margin in just one step and only make a second surgery when the first assessment was
incorrect (36, 37). To reduce the number of surgical intervention and increase tumor depth
assessment accuracy, optical imaging modalities have a great potential in the diagnostics
of melanoma. Compared to other malignancies, the visibility and easy accessibility of
melanoma creates an opportunity for various imaging modalities and screening methods.
Early diagnosis is the most important factor in the successful management of melanoma
(38, 39), where imaging modalities play a crucial role. Certain imaging methods have
been used to analyze the thickness of melanoma beyond histology, such as dermatoscopy
(40), high-resolution ultrasound (41), confocal laser-scanning microscopy (42) and

photoacoustic microscopy (43).
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Figure 1. The four main subtypes of melanoma; Superficial spreading melanoma
(SSM), Clark 1, Breslow tumor depth: 0.345 mm, pTla, clinical picture (a) and
dermoscopic picture (b). Nodular melanoma (NM), Clark 1V, Breslow tumor depth: 4.3
mm pT4b clinical picture (c) and dermoscopic picture (d). Lentigo maligna melanoma
(LMM), Clark 11, Breslow: 0.66 mm pT1a, clinical picture (e) and dermoscopic picture
(f). Acral lentiginous melanoma (ALM), Clark Il, Breslow tumor depth: 0.37 pTla
clinical picture (g) and dermoscopic picture (h). Clinical and dermoscopic images were
taken at the Department of Dermatology, Venereology and Dermatooncology. Black

markers (area: 0.125 cm2) were used for image alignment.
1.3. Seborrheic keratosis

Seborrheic keratosis (SK) is a common benign epithelial skin lesion which is very
frequent among the elderly. In certain cases, when a younger patient is affected, and the
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number of simultaneous lesions is low, diagnostic challenges are more likely to occur
(44-46). Clinically, early lesions emerge most often from solar lentigines, which are oval,
light-to dark brown macules, with sharply demarcated borders. Advanced SKs transform
into plaques and have a typical stuck-on appearance (47). Their clinical appearance is
often hyperkeratotic, and increased melanin is common (48) (Figure 2.). The dermoscopic
criteria for SK is the presence of multiple orange clod, multiple white clods, sharply
demarcated border over total periphery and the pattern of thick, curved lines (49). These
findings are histologically seen in the papillomatous epidermis, pseudo-horn or milia-like
cysts, enlarged dermal capillaries and intraepidermal cysts (50, 51). Comedo-like
openings are keratin-filled invaginations of the epidermis whereas milia-like cysts are
intraepidermal keratin pseudocysts with a whitish-yellow appearance under NPD (50,
51).

The diagnosis of SK is often made clinically prior to surgery, while skin biopsy or
diagnostic excision is reserved for ambiguous cases (22, 44). It is not malignant and its
appearance can be cosmetically disturbing [7]. There are different treatment modalities
available for the removal of SK. The most appropriate treatment depends on the size and
thickness of the lesion, the patient's skin type, the clinical suspicion of malignancy and
the clinical experience of the physician. The most common and easily available treatment
for SK is cryotherapy. Other options include shave excision, electrocautery and laser
treatment. The efficacy of different types of topical agents is also being investigated: these
studies have used gels and creams (e.g. tazarotene, imiquimod cream, alpha-hydroxy
acids and urea ointment) and vitamin-D analogues (tacalcitol, calcipotriol) to treat

hyperkeratotic skin conditions (52).

There is a subgroup of melanomas that appear very similar to SKs and as a new entity
which is recently referred to as SK-like melanoma (22). They cannot be distinguished
from SKs with the naked eye nor with DS (53). Among SKSs there is also a subgroup, the
MM-like SKs, which can only be differentiated by using DS.

1.4. Dermoscopy
Dermoscopy (dermatoscopy, DS) is the most widely used imaging modality in

dermatology. The dermoscope is an epiluminescence microscope that typically uses a 10x

10
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magnification to give a more detailed structure of a skin lesion (54, 55). Dermoscopes
are relatively cheap and widely available tools in the routine clinical practice (16, 56),
however, they require special training and expertise, and are not widely used among
general physicians Classically it is non-polarized (NPD) and needs immersion medium
between the lens and the skin, but the new generation DSs use polarized light (PD) and
do not need immersion (57, 58). Both have their advantages and disadvantages, the NPD
is suitable to examine the superficial structures, like the horn pseudocysts in seborrheic
keratosis whereas the PD can better analyze the deeper features of the skin, including
pigment network, pigment globules and vascular structures (59). The digital dermoscope
or video dermoscope is feasible since modestly priced miniature cameras became
commercially available. Video dermoscopes are capable of acquiring images with greater
magnification from the skin and store them on a computer, which is quite beneficial in
the practice because the lesions are comparable over time (60). The image processing
uses mathematical algorithms to separate the malign lesions from the pigmented moles
based on their texture features (17). Full body examination using dermoscopy is time
consuming, and it may prove to be difficult to detect melanoma among a high number of
other lesions, such as seborrheic keratoses (Fig. 1.) (61, 62). The most recent and widely
applied DS algorithm for pigmented skin lesions is the ‘Chaos and clues’ revised pattern
analysis. ‘Chaos’ refers to the presence of dermoscopic asymmetry of the pattern,
diversity of colors and border irregularity. If chaos is present, we examine the lesion for
the nine possible clues for malignancy. The clue patterns are the grey or blue structures,
eccentric structureless area, thick lines (reticular or branched), peripheral black dots or
clods, lines radial or pseudopods, white lines, polymorphous vessels, parallel lines/ridges,
or polygons. Intervention is needed, if the lesion shows changes over time on an adult
(49). Dermoscopy is also being used routinely to predict Breslow thickness (63). Specific
dermoscopic patterns can be helpful in predicting thickness, such as light brown color,
atypical pigment network, regression, and hypopigmented areas which are typical for
thinner melanomas. In contrast, thick melanomas are characterized by blue-white veil,
milky red areas, blue-black pigmentation, irregular vessels, shiny white streaks, rainbow

pattern, ulceration and pseudolacunae (40).

11
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Figure 2. Melanoma among seborrheic keratoses (SK) on the back. This 67-year-
old male patient was diagnosed with an in-situ melanoma on his back on his lumbal region
(yellow rectangle) among many SK lesions(a). Non-polarized dermoscopic images of
SKs (b-d) and melanoma (e). SKs (b-d) show a dull surface, including fingerprint and
cerebriform patterns, milia-like cyst (yellow arrows) and comedo-like opening (black
arrows). Melanoma (e) contains an irregular pigment network and blue-white veil with
multiple colors. Non-polarized dermoscopy (NPD) is better for the evaluation of
seborrheic keratosis as it visualizes milia-like cysts and comedo-like openings more
clearly (64).

1.5. Multispectral imaging

Multispectral imaging (MSI) is an emerging diagnostic tool to detect skin cancer in
vivo. MSI utilizes different wavelength bands, mostly the visible and the infrared
spectrum of the light (400-970 nm), to acquire images of the skin (65) where the light
source is usually provided by halogen lamps or LEDs (66). During MSI, a set of images
is taken from the same skin location with the use of different wavelength bands (67). This
method combines the advantages of spectrophotometry (spectral resolution) and digital
cameras (spatial resolution) (68). MSI has been used earlier to map skin chromophores
such as hemoglobin and melanin for direct and noninvasive skin assessment (69). The
primary advantage of MSI compared to other imaging modalities is its cost-effectiveness
and the possibility of implementation into smartphone cameras (70, 71), that renders this
technique easily accessible (70, 71). The use of MSI in the field of dermatology has been
emerging in the last twenty years. A LED-based MSI device was recently successfully

introduced for the detection recurring skin cancers (32, 72) and proved to be applicable

12
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in the differentiation of different tumor types from benign lesions based on their mean
intensity of autofluorescence (AF) (73). In addition, MSI has been also utilized for the
detection of rare skin disorders (74) (75) (Figure 3.).

Multispectral imaging tools that have been adopted as diagnostic aids in the
evaluation of skin lesions are the SIAscope, FotoFinder and Verisante Aura (76). The
SIAscope emits radiation at wavelengths between 400 and 1000 nm and produces eight
narrow-band spectrally filtered images. This technique can be used to examine the
vascularity, pigment network and collagen content of the lesion. However, its sensitivity

and specificity is lower compared to dermatoscopy (77).

MoleMate is a computerised tool combining SlAscope technology and a scoring
algorithm. It aims to facilitate the detection of suspicious lesions and referral to an expert
in primary care. In a randomised trial, the proportion of lesions treated appropriately was
similar between primary care physicians using only clinical criteria (history, physical
examination) and those who also used MoleMate (78).

A Canadian prospective study compared the diagnostic accuracy of dermatologists'
physical examination, teledermatoscopy and four image analysis systems (MelaFind,
FotoFinder, FotoFinder Moleanalyzer Pro and Verisante Aura) for 209 skin lesions in 180
patients, including biopsy and histopathology. Using histopathological diagnosis as a
reference, the sensitivity and specificity of the automated systems were 82.5% and 52.4%
for MelaFind, respectively; 83.1% and 75.2% for FotoFinder ; 88.1% and 78.8% using
FotoFinder Moleanalyzer Pro, respectively; and 21.4% and 86.2% for Verisante Aura,
respectively. The sensitivity and specificity of the teledermatoscope were 84.5% and
82.6%, respectively, while the physical examination of dermatologists showed these
characteristics to be 96.6% and 32.2%, respectively (79).

13



DOI:10.14753/SE.2022.2739

Figure 3. Imaging modalities: Multrispectral Imaging prototype used in this study (a) and its
LED-ring  (b)., High  Frequency  ultrasound  transducers  (image  source:
https://www.visualsonics.com/product/transducers) (c) Optical coherence tomography
(CIRRUS HD-OCT 5000 image source: https://www.ophthalmologyweb.com/Retina/5458-
Optical-Coherence-Tomography-OCT/) (d) Vivascope Reflectance Confocal Microscope System

- (handheld Vivascope 3000 image source: https://www.researchgate.net/figure/Vivascope-

Reflectance-Confocal-Microscope-System-Inset-shows-the-handheld-Vivascope-
3000 figl 279635544) (e)

1.6. Other imaging modalities used in melanoma diagnosis and depth measurement

Optical imaging modalities have great potential in melanoma diagnosis. Certain imaging

methods have been used to assess melanoma thickness, such as high-frequency ultrasound

(HFUS) (41), optical coherence tomography (80) or confocal microscopy (81, 82).

High-resolution ultrasound at 5-18 MHz is widely used for imaging in clinical

medicine. The use of high-frequency ultrasound (HFUS) between 20 and 100 MHz

increases resolution and is therefore a well-suited method for the investigation of

inflammatory skin diseases, oedemas and tumours (83). The most commonly used

frequency around 20 MHz allows good separation of skin layers, with a penetration depth

14
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of 6-7 mm and a resolution of 50-200 um. HFUS is very effective for assessing the depth
of spread in basal cell carcinomas and for monitoring treatment in conservative therapies.
In cases of hidradenitis suppurativa, HFUS can also aid staging. Skin ultrasound has the
advantage of being a safe, cost-effective and reproducible imaging modality. The
disadvantage of HFUS is that its accuracy is highly dependent on the skill of the examiner.
Furthermore, many lesions may show similar ultrasound images and are therefore better
used in combination with other methods with higher resolution. The High-frequency
ultrasound (HFUS) is mainly used in dermatology to quantify the physiological and
anatomical changes of the dermis including vascularization and thickness (84). But it also
proved to be a useful modality to evaluate the type and degree of infiltration of basal cell
carcinomas (85). It is also being used for staging hidradenitis suppurativa (86). Recently,
the presurgical measurement of tumor depth using HFUS became considerable after some
authors reported their successful use (25, 87), but it is still far from the general use in the
everyday practice (Figure 3.)

Optical coherence tomography (OCT) is an optical reflectance-based tool that uses
low-coherence light to penetrate into the skin. It has been widely used in the
ophthalmology for many years to visualize the retina (80). OCT is a non-invasive, real-
time, optical imaging technique based on the interference of infrared radiation with living
tissue in vivo. OCT enables high-resolution, two- or three-dimensional cross-sectional
imaging of tissue microstructural morphology (88). It is increasingly popular in
dermatology and proved to be applicable in the diagnosis of basal cell cancer and actinic
keratosis (80). OCT can be used to diagnose MM and non-melanoma skin tumors and to
define the tumor borders. It can also be used to monitor the status of inflammatory skin
diseases and to assess skin ageing caused by photodamage. The disadvantages are that
the quality of the images is highly dependent on the experience of the examiner and that

no information about cellular structures can be obtained (89) (Figure 3.).

In vivo reflectance confocal microscopy (RCM) is a novel imaging technique in
dermatology used to detect dermato-oncological cancers with promising results. It uses
near-infrared light from diode laser to detect the differences between the reflectance
characteristics in the tissue (81). Confocal microscopy contain a light source, condenser,
collimator, ever-changing objective lens and detector. The examination requires the probe

15
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head containing the objective lens to be in contact with the skin and the application of an
appropriate immersion medium. The instrument emits near-infrared light that reflects off
epidermal structures to produce a three-dimensional image at 30x magnification. Melanin
granules have a high refractive index and therefore reflect more light. This allows the
RCM image to show areas with high melanin content more clearly (90). The
disadvantages of RCM are high cost, limited availability and longer scan time (about
seven minutes/lesion) (91). and can differentiate between the melanoma and other
equivocal melanocytic lesions (82). However, these are very expensive devices, their use
requires special skills and their availability is generally limited to large dermatology
centers (65, 92) (Figure 3.).

Teledermatology is the most expanding field for low-cost, home use imaging in
dermatology, when the patients are the users and the subjects of the imaging at the same
time. There is an emerging number of new applications and their performance improves
constantly, which will consequently lead to a wider acceptance (93, 94). During the
COVID-19 pandemic teledermatology was also an aiding tool to reduce the number
doctor’s visits and reduce the need for hospital visits while it keeps the diagnostic
accuracy (94). Teledermatology has evolved significantly in the past decade, but the
accuracy of face-to-face dermatology is still higher than the teledermatology which
cannot be replaced, yet (93).

16
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2. Objectives

The aim of the present study was to investigate spectral reflectance and

autofluorescence properties of melanoma to achieve 2 main goals:

1) Estimate the depth of melanomas with the help of an MSI based device using G, R
and IR light and compare it to the performance of clinical assessment by
dermatologists and dermatology residents. The detailed description of this prototype
device was previously published (92, 95). We have measured the mean gray value
(integrated density/area), circularity(4m*area/perimeter?), solidity (area/convex
area) and roundness (4*area/(m*major axis?)) (Figure 4.). An additional first step
was built in in this algorithm to rule out pigmented nevi using parameter s’ (Equation
1) based on our previous studies (96-99). The LED-based multispectral images were
analysed with ImageJ v1.46 software (NIH, Bethesda, MD, USA) (100).

IG'IIZ?skin ( 1)

parameter s' = lg <
IG_skin'IR_gkin

where Ig : intensity of lesion in green channel,

Ic _skin: mean intensity of skin in green channel,
Ir : intensity of lesion in red channel,

Ir_skin : mean intensity of skin in red channel.

17
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2. Definitions r = radius
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For non-circular shapes: Circularity= 47 x
m.a. = major axis ’ (perimeter ?)

P = perimeter

3. Example Area = mr? - A value of 1.0 indicates a perfect circle
r=3mm - As the value approaches 0.0, it indicates an
Area = 113,04 mm? increasingly elongated shape
Convex hull
C ! D
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Figure 4. Shape descriptors and their mathematical definitions (101, 102). By
definition a circle is a plain shape consisting of all points that are at a given distance
from a given point, the centre and the distance between any point of the circle and
the centre is called the radius (A). The circularity is a shape descriptor which is the
function of the area of the circle and the perimeter (101). A value of 1.0 indicates a
perfect circle (B). The roundness is defined as a function of the area and the length
of the major axis(C) (101) whereas the solidity is the ratio of the area and the
convex hull area (D)(102).
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2) Our second aim was to compare the MSI characteristics of melanomas to seborrheic
keratoses to distinguish these two entities using a novel MSI based index operating
with AF, G and R light, the SK index (Equation 2). For the intensity analysis we
manually selected the skin lesions ROI using the AF, G and R channels. We
analyzed the intensity including minimum and maximum, mean intensity value and
standard deviation (SD), to compare melanomas with SKs regarding these
parameters. We calculated ratios of the intensity values of the different channels
including AF, G and R and used these ratios (AF/G, AF/R) to differentiate
melanomas from SKs. We also measured the ratio of the pixels with the lowest and
highest intensity values within each lesion (Min/Max). During this comparison we
focused more on the more challenging lesions including melanoma (MM)-like SKs
and SK-like MMs. Academic literature will be drawn upon to discuss these findings
and the paper will close with recommendations for applications in the everyday
practice. The LED-based multispectral images were analyzed with ImageJ v1.46
software (NIH, Bethesda, MD, USA) [76].

_ 2-AF-StDev- (M) _
SK index = TM + (Particle number - Area %) (2)
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3. Results

3.1. Melanoma tumor depth analysis

3.1.1. Patient data and histology

In the melanoma tumor depth analysis, we have examined one hundred patients with
primary melanoma of the skin. In total, we have collected 128 image sets. Of the 100
melanomas, 69 were SSM (69%), 19 NM (19%), 2 ALM (2%), 3 LMM (3%), 1 naevoid
(1%) and 6 unclassified (6 %). The mean age of melanoma patients was 62.64 +14.29
years. The sex ratio of the affected patients was 37% women and 63% men. The mean
Breslow tumor thickness was 1.777 £1.728 mm, ranging from 0.12 mm to 7.5 mm (Figure
5).

Figure 5. Melanomas with different Breslow thicknesses, Upper row (a-f);
Melanoma with Breslow 0.345 mm, pT1la, Clark Il, superficial spreading
melanoma (SSM), clinical photograph (a), dermoscopic image (b), G (c), R (d)
and IR (e) channels and histological image (f). Middle row (g-1); Melanoma
with Breslow 1.81 mm, pT2a, Clark 1V., SSM, clinical photograph (g),
dermoscopic image (h), G (i), R (j) and IR (k) channel, histological image(l)
Lower row (m-r); Melanoma with Breslow 2.42 mm, pT3b, Clark IV., SSM
with a nodular component, clinical photograph(m), dermoscopic image (n), G
(0), R (p) and IR (q) channels and histological image (r). Black markers (area:
0.125 cm?) are used for image alignment. Histology magnification 51X (a) and
50X (b,c) (H&E staining).
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3.1.2. Intensity values

When the intensity values of various melanomas with different tumor depths were
studied, we found significant differences in the green (G) and red (R) MSI channels that
allowed us to efficiently differentiate the Breslow<l mm subgroup from the other two
groups, the Breslow: 1-2 mm and the Breslow> 2 mm subgroups. In these tumors the
intensity measured in these channels of Breslow<1 mm melanomas were significantly
higher than in the other two subgroups. IR channel could distinguish between Breslow 1
2 mm melanomas and melanomas with higher than 2 mm Breslow thickness. The other
G and R channels allow exclusively to differentiate the more superficial group Breslow<1
mm from the other more invasive two groups. In summary, the strongest correlation was
between IR intensity and Breslow thickness (r: -0.6593, p value: <0.0001, 95%
confidence interval: -0.7576 to -0.5317, whereas the G and R channels displayed a lower
correlation with tumor thickness (Figure 6).

3.1.3. Shape descriptors

Among the shape descriptors, both circularity and solidity proved significantly lower
in the Breslow<1 mm subgroup than in the other two subgroups. Investigations of the
circularity and solidity made it possible to distinguish between the Breslow: 1-2 mm and
the Breslow> 2 mm subgroups. This was since Breslow> 2 mm melanomas had
significantly higher circularity and solidity values. At the same time the roundness did
not show any significant differences. Circularity (p:<0.0001) and solidity (p:<0.0001)
proved to be efficient in differentiating these two groups. Pearson’s correlation showed
high correlation between solidity (r: 0.6324, 95% confidence interval: 0.4978 to 0.7372,
p: <0.0001) and between circularity and Breslow thickness (r: 0.7109 95% confidence
interval: 0.5980 to 0.7961, p: <0.0001) whereas the roundness showed no significant
differences between the three subgroups (p value=0.2139) (Figure 6).

3.1.4. Differentiation nevi from melanomas with the use of parameter s’

We used the patient data of the melanoma patients mentioned before of the
Department of Dermatology, Venereology and Dermatooncology, Semmelweis
University (Budapest, Hungary) from which 98 patients met the requirement of the
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parameter s’ assessment (126 image sets). We used the patient date of the Oncology
Centre of Latvia (Riga, Latvia) including 143 nevi (143 image sets). The acquired images
were automatically transferred to a cloud server for further data processing and analysis.
Parameter s’ was able to distinguish melanomas from nevi with a sensitivity of 89.60%
and specificity of 88.11% as the first step of the algorithm (n= 98 MMs and 143 nevi).
The melanomas had significantly higher parameter s’ values compared to the nevi. The
ROC AUC analysis also showed significant differences. The comparison of melanoma
and nevus groups had an AUC of 0.944 (patients: melanoma, control: nevi, 95%

confidence interval, p<0,0001) (Figure 7).
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Figure 6. Melanoma comparison having different tumor thicknesses and
correlations between intensity values, shape descriptors and Breslow
thickness. One-way ANOVAs and Tukey’s post comparison tests were used to
compare the intensity values and shape descriptors. The intensity values proved
to be statistically significant (a) G (p<0.0001), (b) R (p<0.0001) and (c) IR
(p<0.0001) and among the shape descriptors (d) Circularity (p<0.0001) and (e)
Solidity (p<0.0001) were found statistically significant. The roundness (f) was
not able to separate the three groups effectively (p: 0.2759). Moreover, the (G
(@), R (b), and IR (c) channels proved to be effective to identify tumors of
Breslow<l mm from the other two groups, whereas the IR channel could
differentiate the Breslow: 1-2 mm and Breslow>2 mm form each other.
Pearson’s correlations were used to correlate the Breslow thicknesses with IR
channel values, Circularity and Solidity. The correlation was high between IR
intensity (g) and Breslow tumor thickness (r: -0.659, 95% confidence interval: -
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0.7576 t0 -0.5317, p: <0.0001), whereas the correlations between Breslow tumor
thickness and G or R intensities were low (r: -0.226 and -0.244, respectively).
The correlation was high between solidity and Breslow thickness (h) (r: 0.6324
95% confidence interval: 0.4978 to 0-7372, p: <0.0001) and high between
circularity and Breslow thickness (i) (r: 0.7109, 95% confidence interval: 0.5980
to 0.7961, p: <0.0001) P values below 0.05 were considered statistically
significant. The results are expressed as mean + standard error (n=100). A.U.=
Avrbitrary unit.

i Parameter s’ maximumx100 value mean j Melanoma and nevus comparison
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Figure 7. Differentiation of nevi from melanomas with the use of parameter
s’. A superficial spreading melanoma, Breslow: 1.02, Clark: IV., pT2a (upper
row) and a pigmented nevus (middle row). The parameter maps (d,h) were
calculated using the G (a,e), R (b,f) and IR (c,g) channels. The melanoma with
higher parameter s’ is red (d) whereas the nevus with its lower parameter s’ is
visualized deep blue (h). The redness means higher probability of melanoma
(highest parameter s’ is 1.5 :rufous color) while blueness refers to a higher
probability of nevus (lowest parameter s’ is -1.5: deep blue color). (Using the
maximum values (i) with a threshold of 0.511 arbitrary unit (A.U.) melanomas
could be differentiated from nevi with a sensitivity of 89.60% and specificity
88.11%. The Area Under the Curve (AUC) was 0.944 (patients: melanoma,
control: nevi, 95% confidence interval, p<0,0001) (j). Y-axis: sensitivity, X-axis:
1-specificity. Black markers (area: 0.125 cm2) were used for image alignment.
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3.1.5. Melanoma classification algorithm

We have developed a novel MSI-based melanoma classification algorithm based on
the shape descriptors and intensity values that allows us to classify melanomas into the
above-mentioned three subgroups with a sensitivity of 78% and specificity of 89%,
(Figure 8.). The sensitivities for each subgroup were 80.85% (Breslow<l mm), 76.19%
(Breslow: 1-2 mm) and 81.25% (Breslow>2 mm). The specificities were 96.22%
(Breslow<1 mm), 82.27% (Breslow: 1-2 mm) and 94.11% (Breslow> 2mm). The total
agreement for predicting the right subgroup was found substantial (x = 0.67; 95% CI,
0.58-0.76), also it was substantial classifying melanomas to Breslow<1 mm subgroup (k
=10.76; 95% CI, 0.63 to 0.89) and to Breslow>2 mm subgroup (x = 0.73; 95% CI, 0.59 to
0.88). The agreement was moderate when the algorithm was classifying melanomas to
the Breslow: 1-2 mm subgroup (k = 0.47; 95% CI, 0.28 to 0.65) (Table 2.)

Melanoma classification algorithm

Parameter s’ measurement (threshold: 0,511 A,U.)

Melanoma (over the threshold) Nevus (under the threshold)

Circularity
(threshold:0.727 A.U.)

Under the threshold Over the threshold

Green channel intensity Infrared channel intensity
(threshold: 8.0 A.U.) (threshold:107.9 A.U.)

Over the threshold Under the threshold Over the threshold Under the threshold

|
Breslow tumor thickness <1 mm Breslow tumor thickness: 1-2 mm Breslow tumor thickness >2 mm

Figure 8. Melanoma classification algorithm tree Based on the shape
descriptors and intensity values; our melanoma classification algorithm was
calculated to classify the multispectral images of melanomas into three different
Breslow tumor thickness subgroups. First step was to establish a threshold
between lower and higher circularities (threshold: 0.727 A.U.), which sorted
melanomas into two groups: 1) low and 2) high circularity. The second step was
sorting melanomas from these 2 subgroups to the three previously defined
groups (Breslow tumor thickness<1 mm, Breslow tumor thickness: 1-2 mm and
Breslow tumor thickness>2 mm). We used the intensity values of green channel
(threshold: 8.0 A.U.) and the infrared channel (107.9). This algorithm was able
to classify melanomas into these three subgroups with a sensitivity of 78% and
specificity of 89%.
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3.1.6. Dermoscopic photograph analysis by dermatologists and dermatology residents

The total sensitivity of the human expert categorization (n=16 dermatologists and 17
dermatology residents) into the three subgroups described above was 60.38%, while the
specificity was 80.86% with a moderate total agreement (k = 0.41; 95% CI, 0.40 to 0.43),
(Table 2.). The sensitivity of the assessment by dermatologists was 62.19% with a
specificity 81.09% and a moderate agreement (k = 0.44; 95% CI, 0.42 to 0.47), where at
the same time the sensitivity of the evaluation by dermatology residents was 58.44%, with
a specificity of 79.76% and a fair agreement (k = 0.39; 95% CI, From 0.36 to 0.41).
Among the subgroups, classifying into the Breslow>2 mm subgroup had the highest total
sensitivity of 90.37% and specificity of 78.58% with high substantial agreement (x = 0.65;
95% CI, 0.61 to 0.69). Classification into the Breslow<1 mm subgroup had a sensitivity
of 51.69% and specificity of 96.95% with a moderate agreement (x = 0.49; 95% CI, From
0.46 to 0.52). The classification into the Breslow: 1-2 mm subgroup had a sensitivity of
38.51 % and a specificity of 72.07% without agreement (k = 0.09; 95% CI, 0.06 to 0.13).

Table 2. Results of the comparison of the melanoma classification algorithm and
the assessment based on dermoscopic and clinical images by dermatologist and
dermatology residents (n=100)

Assessment based on dermoscopic

Melanoma classification algorithm o e 1.
and clinical image

Cohen’s kappa 0.67 0.41
Sensitivity 78.00% 60.38%
Specificity 89.00% 80.86%

4.2. Differentiating melanoma from seborrheic keratosis

4.2.1. Dermographic data

We have examined total of 266 patients with melanoma or SK and taken one or

more image sets of their lesions depending on the lesions’ number and size. Many patients
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with SKs had several lesions increasing the number of image sets taken. Out of the total
127 patients (161 image sets) were histologically proven melanomas from which 66 were
SSM (52 %), 18 NMs (14.1%), 21 in situ melanomas (16.5%), 3 ALM (2.3%), 1 LMM
(1%) and 18 unclassified (14.1%). Six patients had SK resembling MMs (6 image sets).
Comparison was made to 139 patients (319 SK lesions with 319 image sets) diagnosed
with SK by dermatologists (2-3 SKs/patient) with the use of a commercial Heine Delta
20 (HEINE Optotechnik GmbH & Co. KG, Gilching, Germany) dermoscope. 30 patients
had MM resembling SKs (52 image sets). The mean age of patients with melanoma and
SK was 64.09 £13.55 and 70.19 +£11.147 years, respectively. The gender ratio was 44 %
women and 56 % men among patients with melanoma and 44.9% women and 55.1% men

among patients with SK.

4.2.2. Intensity values

In SKs, the AF/G, AF/R and Min/Max ratios proved to be all significantly higher
compared to melanomas. Milia-like cysts and comedo-like openings showed very high
AF intensities which appeared small and contained dense signals inside the lesion
leading to AF inhomogeneity. Disproportions in intensity values of the SK lesions
resulted in significantly higher SD compared to melanomas. While milia-like cysts and
comedo like openings appeared as bright particles embedded into SK lesions,
melanomas did not contain these type of particles (Figure 9.). We analyzed also the
challenging cases including the melanoma (MM)-like SKs and SK-like MMs using the
same method. In MM-like SKs all the intensity values were similar, yet significantly
higher compared to SK-like melanomas including AF/G, AF/R, SD, Min/Max (Figure
10.)
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Figure 9. Multispectral LED images comparing a seborrheic keratoses (SKs)
(a-d) to melanomas (e-h), and the results of statistical analysis of intensity
parameters (i). Dermoscopic images of the lesions (a, €), 405 nm autofluorescence (AF)
channel (b, f), 525 nm green (G) (c, g) 660 nm red (R) channel images (d, h). Welch’s t-
test was used to compare the intensity values of the lesions. In SKs all the intensity values
were significantly higher compared to melanomas (i). The AF/G and AF/R ratios were
normalized to adjacent control skin. A.U., arbitrary unit. P values below 0.0001 were
considered statistically significant. Means =+SD: AF/G: 1.187+0.647(MM) vs.
1.891+2.437 (SK), AF/R: 0.809+0.48 (MM)vs 1.53+0.48(SK), Standard deviation:
9.23+7.1(MM) vs. 23.6+12.58(SK), Min/Max: 0.056+0.045(MM) vs. 0.129+0.087 (SK).
Black markers (area: 0.125 cm2) were used for image alignment.
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Figure 10. Representative multispectral and dermoscopic images of clinically
challenging melanoma (MM)-like SKs and SK-like MMs. The upper row is a SK-
mimicking melanoma (MM) (nodular melanoma, Breslow:1.84, Clark Ill., pT2a) while
the lower row is a melanoma-resembling SK. Dermoscopy images of the lesions (a, f),
405 nm autofluorescence (AF) channel (b, g), 660 nm red (R) channel images (c, h) 525
nm green (G) (d, i) and the results of particle analysis (e, j). Welch’s t-test was used to
compare the intensity values of the lesions. In SKs all the intensity values were
significantly higher compared to melanomas (i). A.U., arbitrary unit. P values below 0.05
were considered statistically significant. Means £SD: AF/G: 0.984+0.212 (SK like MM)
vs 1.415+1.215 (MM like SK), AF/R: 0.667+0.183 (SK like MM) vs 1.08+0.884 (MM
like SK), Standard deviation: 7.9+1.745 (SK like MM) vs 14.79+7.96 (MM like SK),
Min/Max: 0.05+0.01 (SK like MM) vs 0.073+0.043 (MM like SK). Black markers (area:
0.125 cm2) were used for image alignment.

4.2.3. Particle analysis

During the particle analysis melanomas appeared as lesions with homogenous
intensity, whereas SKs had many high intensity particles embedded in the lesions, their
intensity pattern was heterogenous (Fig. 11.). Our algorithm counted significantly

higher number of particles in SKs, which took greater part (Area%) of the lesion (Fig.
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11.). We analyzed also melanoma (MM)-like SKs and SK-like MMs using the particle
analyzing algorithm and the differences of the number of the particles detected and their
area % of the lesions were not significantly different between the two groups using
Welch’s t-test. (Figure 12.). The percentage of melanomas excluded from the analysis

amounted to no more than 5% of the total number of cases.

Particles

Percent (%)

SK

Figure 11. Particle analysis of SKs (a-b) and melanomas (d-e) and the results
of statistical analysis, including number of particles with high autofluorescence values (c)
and the total area of these particles (). In the ImageJ software we used the Overlay Masks
option to visualize the particles (shown in blue color) in these images. Comparing the
melanoma values to SK values using Welch’s t-test, SKs contained significantly higher
number of particles which were also significantly larger (c). The percentage of the area
covered by the particles was significantly lower in melanomas compared to SKs (f). The
limitations of the algorithm were also visible here, because with these settings not all the
particles could be selected and measured (white dots on panel b) P values below 0.0001
were considered statistically significant. Means +SD: Particles: 10.76+14.9(MM) vs
23.56+30.44 (SK), Area: 1.126%2.698 % (MM) vs 6.412+13.26 % (SK). Black markers
(area: 0.125 cm2) were used for image alignment.
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Figure 12. Particle analysis of melanoma (MM) like SKs (a-b) and SK like
MMs (d-e) and the results of statistical analysis, including number of particles with high
fluorescence values (c) and the total area of these particles (f). We used the Overlay
Masks option of the ImageJ software to visualize the particles (shown in blue color) in
these images. The differences of the number of the particles detected and their area % of
the lesions were not significantly different between the two groups using Welch’s t-test.
P values below 0.05 were considered statistically significant. Means +SD: Particles:
9.667+19.87 (SK like MM) vs 22.42+27.10 (MM like SK), Area: 1.11£2.60 % (SK like
MM) vs 3.56+£7.31 % (MM like SK). Black markers (area: 0.125 cm2) were used for
image alignment.

4.2.4. SK index
The sensitivity of the SK index was 91.9 % with a specificity of 57.0 %. The

positive predictive value proved to be 51.7% while the negative predictive value was 93.3
%. Among the melanoma-like SKs and SK-like melanomas, the sensitivity was 83.3 %,

while the specificity was 51.9 %.
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5.Discussion

Innovative technology and new diagnostical techniques emerge daily to penetrate and
reform medicine; dermatology is no exception to this trend. In this dissertation we report
results of two studies. In the first study our aim was to estimate the Breslow thickness
using multispectral imaging. In the second one the goal was to differentiate seborrheic
keratosis (SK) from melanoma. In both experimental settings we used the same
multispectral imaging (MSI) device but with different wavelength bands and quantitative
analyses to create new algorithms to approach these problems. MSI allows the examiner
to use different wavelength-dependent features and has been previously used to detect
melanomas. Nonetheless, these studies mainly focused on how to differentiate
melanomas from other skin lesions (17, 67, 96, 103-105); depth prediction is a field where
we lack conclusive research publications (96, 106). To the best of our knowledge, we
were the first to analyze melanoma tumor thickness with multispectral imaging to classify

melanomas into 3 subgroups of great clinical relevance.

Our first step to improve the algorithm to exclude nevi from the analysis was the
introduction of parameter s’. Parameter s is an enhanced formula based on our previous
findings to differentiate melanoma from nevi (96-99). It uses the intensity values of the
lesion and the surrounding skin in G and R channels to calculate a predictive value. In
our study, melanomas showed significantly higher parameter s’ values than nevi.
Accordingly, with our thresholding algorithm nevi could be differentiated from
melanomas with a sensitivity of 89.60% and specificity of 88.11% (Figure 7.). These data
are consistent with the literature where multispectral imaging have been previously
applied successfully to differentiate these two entities (17). Apart from multispectral
imaging, melanoma and nevus differentiation is one of the most researched topics in
dermatology. Many studies have focused on this problem and used computerized and Al-
aided methods to differentiate benign lesions from skin cancers (107-111). This is a
potentially applicable step to rule-out benign pigmented nevi and reconsider the clinical

diagnosis when our algorithm is used to estimate tumor thickness of melanoma.

The second step was based on the measurement of the shape descriptors and intensity
values of the lesions. Shape descriptors were capable to differentiate high and low-risk
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melanomas, namely over 2mm vs. less than 1 mm. SMMs are more common among thin
melanomas (P < .001) and NMs are more common among patients with thick melanomas
(P <.001) (112).The combination of shape descriptors and intensity values were sensitive
and specific approach was enough for the melanoma classification algorithm to sort
melanomas into the three categories with a sensitivity of 78.00 %, specificity of 89.00 %
with a substantial agreement (k = 0.67; 95% CI, 0.58-0.76). Circularity, the sphericity of
lesions was the most applicable shape descriptor to classify melanomas into a low- and a
high-risk group as the second step. Larger and thicker melanomas were more circular.
Roundness showed no significant differences because roundness is less sensitive to
variations in perimeter length compared to circularity (101). However, circularity alone
is not convenient enough to accurately establish melanoma thickness, thus a third

classification step was needed.

The third step of the analysis relied on to the dermal localization of melanoma cells.
These data are in line with our previous findings as shorter wavelengths, like G and R
penetrate the dermis only superficially and are absorbed and reflected by tumor
chromophores mainly from the surface (113). The IR wavelengths penetrates deeper to
the skin and reflected by chromophores of melanomas deeper from the dermis (114)
consistently with the literature (115). Therefore, G channel was convenient to
differentiate between Breslow<l mm melanomas and Breslow:1-2 mm melanomas,
whereas the IR channel was capable of to distinguish between Breslow:1-2 mm
melanomas and melanomas with higher than 2mm Breslow thickness. Because of its
physical characteristics, the G channel was more effective to identify superficial lesions.
Thinner melanomas had higher intensities because of the lower melanin concentration,
whereas G channel could not differentiate between Breslow:1-2 mm and Breslow>2 mm
melanomas. The IR channel was effective to provide information about the deeper layers
of the skin. Therefore, it was convenient to distinguish better between Breslow: 1-2 mm
and Breslow>2 mm melanomas. Thinner melanomas are characterized by a higher chance
for regression and the presence of hypopigmented areas (40). These lesions have higher

intensity values in both G and IR channels.

In this study, we also compared the performance of our MSI-based method to human

observers. Clinical photographs and dermoscopic images of 100 melanomas were shown
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to dermatologists and dermatology residents to determine their dexterity to classify the
lesion based on tumor thickness. Dermatologists and dermatology residents completed
the form with a total sensitivity of 60.38%, of which the dermatologists reached a
sensitivity of 62.19%, and the dermatologist residents operated at a sensitivity rate of
58.44%. Specificity reached 80.86%, with 81.09% and 79.76%, for dermatologists and
dermatology residents, respectively. The total agreement was found to be moderate (k =
0.41; 95% CI, 0.40 to 0.43). Compared to the melanoma classification algorithm, all
human investigators achieved a lower sensitivity and specificity in classifying melanomas
into subgroups based on presumed histological tumor thickness. Humans had lower
accuracy, and the agreement was higher using the algorithm (x = 0.67; 95% CI, 0.58-
0.76). However, it is important to note that palpation is an important guide to clinicians
to supplement their vision when they estimate the tumor thickness during routine
examinations, which was not possible in this study. This data was similar to earlier
findings in the literature. Dermoscopy was recently described to be able to predict
Breslow tumor thickness with a concordance of 0.52, and it could even differentiate
between in situ melanomas and tumors thicker than 1 mm (63) whereas we did not

examine in situ melanomas because of their lack of Breslow thickness value.

This MSI technique and our novel algorithm is a potential modality to aid the
clinicians in the evaluation of melanoma depth. It is comparable to other tools such as
HFUS which could estimate the appropriate surgical margins of melanomas (1, 2 or 3
cm) in 26 of the 31 subjects (41). Furthermore, preoperative HFUS was found to be a
potential tool aid for the excision of melanoma in one step (111). Combining HFUS with
digital dermoscopy augmented the accuracy and could differentiate thick and thin
melanomas with a sensitivity of 86.7% (116). Optical coherence tomography is a potential
tool also to predict melanoma tumor thickness based on their vascular morphology (117).
Reflectance confocal microscopy proved to be an accurate modality in the presurgical
margin mapping of only LMMs (118, 119). Although these imaging modalities can be
used to estimate Breslow tumor thickness, compared to MSI, their main disadvantage is
that they are expensive, and their efficacy depends fundamentally on the examiner’s skill
and proficiency (120, 121) (122).
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In this paper our second aim was to distinguish melanoma from seborrheic keratosis. The
differentiation of SK from melanoma is crucial. Even the most experienced
dermatologists miss the diagnosis of skin tumors working with a hit rate of 75-80% and
it is worse among general physicians (81). A retrospective study analyzed 9204 cases
where the clinical diagnosis was seborrheic keratosis, and 0,7% of them proved to be
melanoma after the clinical diagnosis (45). As we have shown in the previous study, the
first step of our algorithm differentiating melanoma from other pigmented lesions, like
pigmented nevi is not easy and is even more frequent on unusual skin sites, such as the
foot (123). Delayed diagnosis of melanoma leads to dramatically lower life expectancy
(124) and higher risk of metastatic disease (27).

There is an emerging number of multispectral imaging techniques in the market
developed to diagnose skin diseases since 1994 (69, 125). Many of these techniques
became commercialized, such as SIAscope (126) and SpectroShade (103) to help the
diagnosis of melanoma . Nonetheless, their high price and unsatisfactory specificity limits
their use in the everyday clinical practice (76, 127). Compared to these our device is
potentially cheaper and easier to apply based on our findings working with a high

sensitivity and specificity.

In this study we compared melanoma to SK with a LED-based modality, using
multiple quantitative parameters. In the AF images of SKs, based on the comparison to
dermoscopy images, high intensity values were mainly caused by the milia-like cysts and
comedo-like openings, which are primarily consist of keratin (128). However, keratin is
not solely responsible for the high intensity values, NADH, FAD, complex structures,
lipid particles may also be responsible for higher AF signal (129, 130). Compared to SKs,
melanoma images had lower AF intensity values, in agreement with the data in the
literature (131, 132). The presence of melanin, which has a very specific absorption
pattern, could be the explanation for the lower AF signal, (131), but the altered collagen
structure caused by the tumor growth may also play a part. (133, 134). Melanin acts as a
nonfluorescent pigment under UV and short wavelength visible light; it only bear with
fluorescent characteristics under near-infrared light (135). The latter has been confirmed
with our measurements, where melanin appeared as a dark nonfluorescent pigment

visualized with AF, G and R channels without fluorescent emission. Both AF/G and AF/R
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ratios were significantly higher in SK, which is caused by mainly the high values in the
AF channel. The average AF intensity of the SK lesion was significantly higher also
compared to melanomas, which was in line with the Min/Max ratios, where the minimum

values were significantly higher in SKs.

The results of the particle analysis were also remarkable, but the standard deviation
was high. There were also some hindrances where hyperkeratosis or ulcerations on the
surface of the melanomas made the analysis inaccurate. Moreover, overexposed images
of SKs are not suitable for this analysis, because their signal level does not fit the auto
thresholding and they have resulted in very low values among the SKs despite their high
number of highly autofluorescent particles. Accordingly, the right length of exposure is

crucial during the image procurement.

Our novel SK index could differentiate melanomas from SKs with a sensitivity of
91.9% and specificity of 57.0%. This method may have a great potential to screen
melanomas in the everyday practice among general physicians (GPs), as it is capable of
the differentiation of melanomas from benign SKs. Nowadays the computer assisted
melanoma diagnosis is focusing on the differential diagnosis of melanoma from
pigmented lesions, mostly nevi. There are many promising tools and applications, many
of them has very high sensitivities and specificities (76), and they often use artificial
intelligence based computer-assisted devices (CAD) to differentiate the lesions
According to a meta-analysis of 8 studies, CAD using multispectral images can
differentiate melanoma with an average sensitivity of 92.9% and specificity of 43.6%

which data is comparable with our findings (136).

Similar studies have been carried out using different imaging techniques, including
Raman spectroscopy where it proved to be applicable to differentiate malignant skin
lesions from benign lesions, where 147 SKs were in the benign subgroup. This technique
had a 99% of sensitivity and a specificity of 33.5% and in the beginning and the developer
group achieved a sensitivity of 90% and specificity of 82.1 %. till the end phase of the
development. These data is comparable to our findings with high sensitivities and
specificities; however, Raman spectroscopy is expensive and not easily accessible tool
and can be hardly implemented to the everyday practice to a general physician but would
be an excellent modality in specialized skin cancer centers. LED-based MSI is a more
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accessible device which would be suitable in a non-expert practice to screen patients to
differentiate melanoma form seborrheic keratoses.

Teledermatology and skin imaging are rapidly evolving fields of dermatology, giving
patients the opportunity to be both subjects and users of the test method. An increasing
number of new applications are appearing with continuously improving performance (93,
137, 138). Our novel approach to MM and its differentiation was a CMQOS camera using
LED-based multispectral imaging techniques. We found that MM can be distinguished
from SK based on differences in intensity and shape characteristics and this method is
also applicable to estimate Breslow tumor thickness. However, shape features did not
provide as accurate information as intensity parameters due to the properties of nodular
melanomas. Particle analysis can be useful and can confirm the diagnosis because it can
detect milia-like cysts and comedo-like orifices that give an intense AF signal. The further
development and fine-tuning of this method could render multispectral imaging available
in the everyday practice to help general physicians to differentiate MMs from SKs. Also,
in challenging situations it may help surgeons and dermatologists before melanoma

operations to estimate the surgical margins better with a new decision support.

5. Conclusion
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It is easy-to-access, relatively cheap and can be used as a mobile-add-on device using

the camera of a smartphone. Based on our findings:

1)

2)

3)

4)

5)

6.

MSI may be used in clinical practice for the prediction of appropriate safety
margins for curative melanoma excisions. MSlI is a potential tool to determine the

required surgical margin based on the estimated Breslow thickness.

Parameter s’ is a potential first step to differentiate nevi from melanomas to rule

them out from the melanoma tumor depth determination

We found that melanoma can be differentiated from SK with the use of intensity

descriptors and particle analysis.

SK index is a potential algorithm to differentiate melanoma from SK, and it is
even able to differentiate the melanoma-mimicking MM-like SKs from melanoma
and the SK-like MM’s from SKs.

The collected data may serve as a training pool for machine learning algorithms
for further improvements in order to achieve a more accurate estimation of

Breslow thickness.

Summary
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Dermoscopy is a tool designed for healthcare professionals with dedicated training
(63, 112, 139) whereas MSI requires no previous training and may be used as
smartphones attachment to estimate tumor thickness. The subjectiveness of clinical
examinations in dermatology is very high, and there is an emerging need of objective
quantitative parameters. This imaging algorithm implemented into this cost-effective
tool may help the everyday practice of general physicians in the future. It can help to
determine the Breslow tumor thickness of melanoma and it can differentiate
melanoma from seborrheic keratosis. We believe that our findings may very well be

used for future artificial intelligence analysis.
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