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Abstract—The timely detection of skin melanomas is crucial
for their effective treatment and positive prognosis. These lesions
are often associated with a dark color, close to pure black,
linked to their high melanin content. However, in their early
stages, melanoma tumours may be characterized by lighter
colors. Despite the medical implications of their appearance, the
biophysical factors eliciting their distinct coloration remain to
be systematically unveiled. This knowledge gap is significantly
tied to the practical difficulties of conducting controlled in vivo
experiments involving these lesions. In this paper, we aim to
further the current understanding about the color variations of
early invasive skin melanomas (EISMs). To achieve this objective,
we employ an in silico investigation approach supported by prior
work in this area. More specifically, we examine the impact that
physiological and morphological tissue alterations in the EISM
lesions, notably involving their dermal blood content, the radius
of their scattering-inducing fibrils and the eumelanin to pheome-
lanin ratios of their pigment-containing organelles, may have on
their chromatic attributes. Furthermore, our investigation brings
forward practical aspects related to the use of these attributes
in the noninvasive screening and predictive analysis of these life-
threatening lesions, particularly before the onset of metastasis.

Index Terms—skin melanoma, color, angiogenesis, fibril-
induced scattering, in silico experiments, predictive simulations.

I. INTRODUCTION

Melanoma is the deadliest type of skin cancer, notably due
to its relatively high probability of metastasis, with pathogenic
agents spreading to other organs and tissues [1], [2]. Accord-
ingly, its early detection is of vital importance and a number
of protocols have been devised for this purpose. The color
variations observed in these lesions are among the main signs
examined by these protocols [3], [4].

Human skin is generally described, from the topmost layer,
as being formed by the stratum corneum (SC), the epidermal
layers, including the stratum granulosum (SG), the stratum
spinosum (SS) and the stratum basale (SB), and the dermal
layers, namely the papillary dermis (PD) and the reticular
dermis (RD). The melanin-producing melanocyte cells are
predominantly located in the SB layer, and the melanins can be
normally found in the epidermal layers in a colloidal form or
clustered in organelles known as melanosomes [5], [6]. These,
in turn, can occur individually or in groups surrounded by a
transparent membrane forming structures called melanosome
complexes [5], [7].

Skin melanomas are often associated with a dark, nearly
black color. This aspects has been mainly linked to the abun-
dant production of dark-brown eumelamin, in comparison with
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red-yellow pheomelanin (Fig. 1(a)), by atypical melanocyte
cells [8], [9]. However, this distinct coloration generally indi-
cates a more advanced, deeply-invasive stage of a tumour. It
has been reported that early invasive skin melanomas (EISMs)
tend to exhibit a lighter, “brownish” color [10], [11].

The current understanding about the factors responsible for
the chromatic attributes of EISM lesions is still far from
complete, however. Besides the increased melanin production,
other processes can significantly contribute to these attributes.
For instance, the atypical melanocytes may be subject to
an autophagy process [9], [12] in which melanosomes are
sequestrated by membranous vesicles (autophagosomes) [13].
These vesicles have been observed in dermal tissues during a
tumour’s vertical growth phase [8], [9]. Concomitantly, angio-
genesis (the process of generation of new blood vessels from
pre-existing ones) may also take place to supply oxygen and
nutrients to the tumour [14]-[16] by increasing the vascularity
of the dermal tissues.

As the atypical melanocyte cells and new blood vessels
start to occupy the PD in the early invasive stage of a
melanoma lesion, tissue constituents are pushed down into
the RD [17]. This process leads to an increase in the dermal
blood content, which results in a higher concentration of
light-absorbing hemoglobins (Fig. 1(b)). It also reduces the
PD’s volume fraction occupied by scattering-inducing fibrils.
These alterations affect the mechanisms of light attenuation
(absorption and scattering) of this tissue and, thus, the spectral
responses of EISM lesions [18].

In this work, we specifically address the impact that these
processes have on the EISM’s chromatic attributes. Since our
long-term goal is to contribute to more effective procedures
for the noninvasive screening and predictive analysis of these
lesions, our investigation is focused on skin melanomas classi-
fied as Clark level 2 and Breslow stage I, i.e., those that have
partially penetrated the PD layer [19] and have a thickness
(depth) below 0.76 mm [4], respectively.

Moreover, for practical reasons, we also elected to focus
on skin specimens with a relatively low level of constitutive
pigmentation. It is worth noting that the lifetime risk of
developing skin melanoma is larger for lightly pigmented
individuals [1], [2]. This aspect, in turn, also affects the avail-
ability of supporting measured data, which often corresponds
to lesions found in individuals belonging to this group. In the
future, as more data becomes available, we will extend our
investigation to a wide range of skin specimens (Section IV).

To overcome the practical constraints of in vivo experiments
(e.g., the modification of tissue morphological characteristics
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Fig. 1: Absorption spectra of two groups of visible light absorbers
acting within the skin tissues. (a) Extinction coefficient () curves
for eumelanin and pheomelanin [20]. (b) Molar extinction coefficient
(em) curves for oxy- and deoxyhemoglobin [21].

on the fly), we employ an in silico experimental setup that
builds on our previous work in this area [18]. This approach
enabled us to conduct controlled experiments to systematically
evaluate the sensitivity of those attributes to changes in the
dermal blood contents, PD fibrils’ radii and eumelanin to
pheomelanin ratios (EPRs) found in atypical melanosomes.
To the best of our knowledge, this is the first investigation
aiming to analyze the individual and combined effects of these
biophysical factors on the chromatic attributes of EISMs.

II. MATERIALS AND METHODS

For context, in our previous work [18], we conducted three
series of controlled in silico experiments. They consisted
primarily in the computation of directional-hemispherical re-
flectance curves for normal skin and EISM specimens con-
sidering an angle of light incidence of 0°. These curves
were computed using an enhanced version of the first-
principles model of light and skin interactions known as
HyLIoS (Hyperspectral Light Impingement on Skin) [22].
This model employs stochastic algorithms to simulate the
light attenuation processes elicited by all main absorbers and
scatterers specifically acting within each of the previously
mentioned cutaneous tissue layers (SC, SG, SS, SB, PD and
RD). Moreover, it explicitly takes into account the intratissue
distribution of melanin in colloidal and aggregated (clustered

TABLE [I: Parameters kept fixed during the simulations of the
spectral responses of normal and EISM specimens [18].

Description Value
Morphological Parameters

Ratio of Skin Surface Folds 0.1
SC Thickness (c¢m) 0.0008
SG Thickness (cm) 0.0033
SS Thickness (cm) 0.0033
SB Thickness (cm) 0.0033
PD Thickness (cm) 0.01
RD Thickness (cm) 0.1
Melanin Parameters

SG Colloidal Melanin Content (%) 1.5
SS Colloidal Melanin Content (%) 1.5
SB Colloidal Melanin Content (%) 1.5
Melanosome Parameters

Dimensions (um X pm) 0.36x0.14

Mel. Complex Diam. / Mel. Major Axis 2.0
Blood and Beta-Carotene Parameters

Oxygenated Hemoglobin Fraction (%) 85.0
Functional Hemoglobin Concentration (g/L) 135.0
Methemoglobin Concentration (g/L) 1.5
Carboxyhemoglobin Concentration (g/L) 1.5
Bilirubin Concentration (g/L) 0.003
Beta-Carotene Concentration (g/L) 7.0E-5
SC Beta-Carotene Concentration (g/L) 2.1E-4
Epidermis Beta-Carotene Concentration (g/L) 2.1E-4
Water and Lipid Parameters

SC Water Content (%) 35.0
Epidermis Water Content (%) 90.0
PD Water Content (%) 65.0
RD Water Content (%) 75.0
SC Lipid Content (%) 10.0
Epidermis Lipid Content (%) 1.0
PD Lipid Content (%) 5.0
RD Lipid Content (%) 5.0
Keratin, Urocanic Acid and DNA Parameters

SC Keratin Content (%) 55.0
SC Urocanic Acid Density (mol/L) 0.01
DNA Density (g/L) 0.185
Refractive Indices

Melanin Refractive Index 1.7
SC Refractive Index 1.55
Epidermis Refractive Index 1.4
PD Refractive Index 1.39
RD Refractive Index 1.41

Scattering Parameters
PD Scatterers (Fibrils) Refractive Index 1.5
PD Scaterrers (Fibrils) Radius (nm) 100.0

within melanosomes and melanosome complexes) forms. Ac-
cordingly, it can predictively reproduce the spectral responses
of a large diversity of skin specimens with distinct levels of
constitutive and facultative pigmentation [22], [23]. Its en-
hanced version, termed HyLIoS-MS, was specifically deployed
for the simulation of skin melanoma [18]. Recall that atypical,
heavily-melanized melanosomes present in melanoma lesions
are found encapsulated by autophagosomes [12], [13]. These
membranous vesicles are also accounted for in the melanoma
simulations conducted using HyLIoS-MS.

In the first series of experiments, we computed reflectance
curves for normal and EISM specimens. We then compared
those curves with measured data provided by Urso ef al. [24] in
order to assess the plausibility of the specimen characterization
datasets employed in the simulations. For completeness, these
datasets [18] are also provided here (Tables I and II). Note that
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TABLE II: Parameters employed to complement the specific charac-
terization of the normal and EISM specimens during the simulations

of their spectral responses [18].

Description Normal  EISM
Melanosome Parameters
SG Melanosome Content (%) 0.0 1.5
SS Melanosome Content (%) 0.0 1.5
SB Melanosome Content (%) 1.25 2.5
PD Melanosome Content (%) 0.0 8.0
Eumelanin Concentration (g/L) 32.0 41.0
Pheomelanin Concentration (g/L) 4.0 2.0
Autophagosome Parameters
SG Encapsulated Melanosome (%) 0.0 50.0
SS Encapsulated Melanosome (%) 0.0 50.0
SB Encapsulated Melanosome (%) 0.0 50.0
PD Encapsulated Melanosome (%) 0.0 100.0
Diameter / Melanosome Major Axis 0.0 2.0
Blood Parameters
PD Blood Content (%) 0.14 2.0
RD Blood Content (%) 0.14 2.0
Scattering Parameters
PD Scatterers (Fibrils) Fraction (%) 22.0 14.0
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Fig. 2: Baseline reflectance datasets for a normal lightly-pigmented
skin specimen and an EISM specimen. The modeled curves were
computed using the HyLIoS-MS model [18]. The in vivo measured
datasets, included for reference, were made available by Urso et al.
[24]. The ‘x’ and ‘e’ symbols represent measured average values,
while the error bars indicate the maximum and minimum measured
values obtained for 573 normal cases and 132 melanoma cases [24].

the dermal blood contents of the normal and EISM specimens
were set to 0.14% and 2%, respectively, while the radius of
their PD fibrils was set to 100 nm. The resulting reflectance
curves for these specimens are reproduced in Fig 2. It is worth
mentioning that their agreement with the measured data is
markedly closer than that obtained using skin phantoms [24].

In the second series of experiments, we computed re-
flectance curves specifically associated with variations in
dermal blood content (in both PD and RD layers), from
1 to 4% (based on the increased vascularity reported for
areas adjacent to tumours [19], [27]), to assess the effects of
distinct angiogenesis levels on the EISM spectral responses in
the visible domain. Lastly, in the third series, we computed
reflectance curves specifically associated with variations in
the radius of the PD fibrils, from 100 to 60 nm (based
on ranges reported for them in the literature [28], [29]), to
examine how distinct magnitudes of fibril-induced scattering
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Fig. 3: Relative spectral power distributions of the selected CIE
standard illuminants (D65, A and F2) [25], [26].

Fig. 4: Skin swatches generated using the modeled reflectance curve
for a normal skin specimen provided in Fig. 2 and the selected
illuminants’ relative spectral power distributions presented in Fig. 3.

may affect these responses. Furthermore, to extend our scope
of observations, the angiogenesis and fibril-induced scattering
experiments were performed considering two different EPRs
present in the atypical melanosomes encapsulated within the
autophagosomes. More precisely, we have assigned to these
ratios, henceforth referred to as LowEPR and HighEPR, values
equal to 41:2 g/L (default value used to obtain the EISM
reflectance curve depicted in Fig. 2) and 50:1 g/L (based
on values reported in the literature [30], [31]), respectively.
For conciseness, the reader interested in the reflectance curves
obtained for the EISM specimens during the aforementioned
experiments is referred to our previous publication [18].

In this work, to allow for quantitative and qualitative anal-
yses of the impact of these pivotal parameters (dermal blood
content, the PD fibril radius and the eumelanin to pheome-
lanin ratio) on the chromatic attributes of EISM lesions,
we computed their colors through the integration of selected
illuminants’ relative spectral power distributions (Fig 3), the
specimens’ reflectance curves mentioned above and the spec-
tral responses of the human photoreceptors [25]. To broaden
the span of our chromatic comparisons, we considered three
CIE (Commission Internationale d’Eclairage) standard illu-
minants, namely D65 (average daylight), A (tungsten lamp)
and F2 (fluorescent lamp) [25], [26]. The integration process
was then carried out using a standard CIEXYZ to sSRGB color
system conversion procedure [32]. Subsequently, the resulting
colors were employed in the rendering of the swatches through
the use of a grayscale skin texture. In Fig. 4, for illustrative
purposes, we present the swatches obtained considering the
normal skin specimen’s reflectance curves depicted in Fig. 2.

Besides the visual inspection of the skin swatches, we also
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Fig. 5: Skin swatches generated for LowEPR specimens considering
variations in their dermal blood contents (from 0.14% (no angio-
genesis, or n.a.) to 4%) through the integration of their reflectance
curves [18] with the relative spectral power distributions (Fig. 3) of
the three CIE standard illuminants (D65, A and F2) considered in
this investigation.

used a device-independent CIE-based metric to compare the
modeled skin chromatic attributes. More precisely, we calcu-
lated the CIELAB differences between the colors (before their
achromatic relative brightness modulation by the grayscale
texture) associated with pairs of swatches using the following
formula [33]:

ABS = J(dn? +d.2 + dy?), 1)

where dy,, d, and d; represent the differences L] — L3, a} —a3
and b] — b3, respectively, in which L*, a* and b* correspond
the CIELAB color space dimensions. These are calculated
for the modeled chromatic attributes (colors) associated with
the compared swatches (indicated by the subscripts 1 and 2).
Again, we performed these calculations using standard for-
mulas employed in colorimetry [34]. We note that it has been
experimentally determined that the perceptibility threshold for
these differences is ~2.3 [33], [35], i.e., chromatic variations
associated with AEY, values below this threshold are not
considered discernible by average human observers.

III. RESULTS AND DISCUSSION

In Fig. 5, we present the swatches generated for the speci-
mens with distinct dermal blood contents and LowEPR. It can
be observed that they become slightly darker as we considered
larger blood contents. This aspect aligns with the increase
in light absorption prompted by a higher concentration of
hemoglobins [21]. This trend, in turn, leads to higher CIELAB

Fig. 6: Skin swatches generated for HighEPR specimens considering
variations in their dermal blood contents (from 0.14% (no angio-
genesis, or n.a.) to 4%) through the integration of their reflectance
curves [18] with the relative spectral power distributions (Fig. 3) of
the three CIE standard illuminants (D65, A and F2) considered in
this investigation.

TABLE III: AE, values calculated for the swatches of LowEPR
(Fig. 5) and HighEPR (Fig. 6) specimens with respect to the swatches
of specimens with a dermal blood content equal to 0.14% (no
angiogenesis).

LowEPR Specimens | HighEPR Specimens

Dermal Blood Tlluminants Tlluminants
Content D65 A F2 D65 A F2
1% 155 227 229 | 092 1.28 151
2% 2.86 349 354 | 222 230 278
3% 323 371 441 | 2.50 2.63 3.03
4% 388 448 504 | 2.62 3.03 3.82

Values > 2.3 (perceptibility threshold) are presented in boldface.

chromatic differences as it can be verified by inspecting the
AFE?, values provided in Table III.

In Fig. 6, we present the swatches generated for the
specimens with distinct dermal blood contents and HighEPR.
Similarly, it can be observed that they become slightly darker
as we considered larger blood contents. Also, they appear
darker than those depicted in Fig. 5, which conforms with
the increased presence of eumelanin, a stronger absorber than
pheomelanin in the visible spectral domain (Fig. 1). However,
the transition from the lightest hue to a darker hue becomes
perceptible (AE?, > 2.3) under all three illuminants for the
specimens associated with a 3% dermal blood content, while
for the LowEPR specimens this was true for a 2% dermal
blood content. These observations are also consistent the ALY,
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Fig. 7: Skin swatches generated for LowEPR specimens considering
variations in their papillary dermis fibril radius (from 100 to 60
nm) through the integration of their reflectance curves [18] with the
relative spectral power distributions (Fig. 3) of the three CIE standard
illuminants (D65, A and F2) considered in this investigation.

values provided in Table III.

In Fig. 7, we present the swatches generated for the spec-
imens with distinct PD fibril radius and LowEPR. It can be
observed that the swatches associated with lower values of
this parameter were noticeably darker. This can be explained
by the fact that a reduction in the PD fibril radius leads to a
decrease in fibril-induced (Rayleigh-type) scattering [36]—[38].
The same trend can be observed for the swatches generated for
specimens with distinct PD fibril radius and HighEPR which
are presented in Fig. 8. They appear, however, slightly darker
due the increased presence of eumelanin.

It can also be observed in Figs. 7 and 8 that the transitions
from the lightest hue (specimens with a 100 nm PD fibril
radius) to the darkest hue (specimens with a 60 nm PD fibril
radius) were more noticeable than the lightest to the darkest
hue transitions associated with the variations in the dermal
blood content (from 0.14% to 4%, respectively) depicted in
Figs. 5 and 6. This can be further verified by comparing the
AE?, values presented in Tables III and IV. This aspect
highlights the complexity of the processes responsible for the
chromatic attributes of EISMs, whose appearance may be also
significantly affected by other factors besides the abnormal
presence of light-absorbing pigments [8], [39].

Although visual differences between EISMs with signifi-
cantly distinct characterizations (e.g., the lightest and dark-
est hue cases mentioned above) can be readily noticeable,
visual differences elicited by incremental variations is these
characterizations may not be easily perceived. For instance,
variations in dermal blood content on the order of 1% resulted
in CIELAB chromatic differences below the perceptibility

Fig. 8: Skin swatches generated for HighEPR specimens considering
variations in their papillary dermis fibril radius (from 100 to 60
nm) through the integration of their reflectance curves [18] with the
relative spectral power distributions (Fig. 3) of the three CIE standard
illuminants (D65, A and F2) considered in this investigation.

TABLE IV: AE}, values calculated for the swatches of the
LowEPR (Fig. 7) and HighEPR (Fig. 8) specimens with respect to
the swatches of specimens with a PD fibril radius equal to 100 nm.

LowEPR Specimens | HighEPR Specimens
Iluminants Illuminants
PD Fibril Radius | D65 A F2 D65 A F2
90 nm 1.33 152 158 | 1.27 118 1.59
80 nm 320 3.04 360 | 291 320 3.63
70 nm 480 5.02 596 | 484 4.61 5.8
60 nm 685 699 762 | 691 6.54 743

Values > 2.3 (perceptibility threshold) are presented in boldface.

threshold (AE}, < 2.3) as indicated in Table V. Similarly,
variations in the PD fibril radius on the order of 10 nm resulted
in differences below this threshold in all but one case as shown
in Table VI. Hence, relatively small incremental variations
in the biophysical characteristics of these lesions cannot be
reliably detected through the visual examination of changes in
the chromatic attributes of EISMs.

We remark that the main factors generally associated with
the distinct coloration of skin melanomas are the abnormal
presence of melanin and the ratio of eumelanin to pheomelanin
[8], [9]. Although our in silico findings are consistent with
these aspects, they also suggest that the increased presence
of hemoglobins resulting from angiogenesis and the specific
morphological characteristics of the affected skin site, such as
the PD fibril radius, should not be overlooked, particularly with
respect to EISMs. They also highlight the fact that, although
these lesions have chromatic attributes markedly distinct from
the surrounding normal cutaneous tissues (e.g., Fig. 4), their
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coloration is also far from the strong dark hues of deeply
invasive melanomas [8].

More common skin spots with increased pigmentation,
such as freckles, often exhibit a “brownish” coloration. This
indicates that coloration alone cannot be used as a reliable
EISM lesion indicator. However, combined with other criteria,
such as the lesions’ asymmetry and atypical border [3], the
“brownish” coloration may provide a visible warning about
an EISM and its possible progression to a more serious,
metastatic stage. Also, as the brown hues become progres-
sively darker, they may provided additional clues about its
evolution and the underlying processes taking place such as
autophagy [9], [13] and angiogenesis [17], [18].

Our in silico experiments also enabled us to assess the
effects that different illuminants may have on the perceived
appearance of the EISM specimens. Although all three selected
illuminants led to a “brownish” coloration, some appearance
differences, similar to those observed in the swatches gen-
erated for the normal skin specimens (Fig. 4) were also
noticeable in the swatches generated for the EISM speci-
mens (Figs. 5 to 8). For instance, the swatches obtained
using illuminant A displayed a red tinge associated with the
stronger red component of this illuminant’s relative spectral
power distribution (Fig. 3). Also, even though the same light
intensity was employed in the generation of all swatches, those
obtained using illuminants D65 and A displayed a seemingly
darker appearance than the swatches obtained using illuminant
F2. This observation illustrates how color perception issues
associated with the human visual system may affect the
interpretation of lesion appearance traits, particularly under
distinct illumination conditions. Thus, they may inadvertently
bias screening protocols and workflows employed in clinical
practice, which, as mentioned earlier, have as one of their key
steps the visual inspection of lesion coloration [3], [4].

In short, the visual signs provided by changes in the
appearance traits of melanomas, notably their coloration, are
an integral part of the screening protocols and workflows used
in the noninvasive assessment of these lesions at the point
of care. However, as suggested by our findings, their correct
interpretation may be affected not only by the aggregated
effects of different biophysical factors, but also by the limita-
tions of the human visual system. Moreover, color perception
phenomena, such as metamerism (in which the perceived
colors of two specimens match under a specified illuminant
and a specified observer even though their reflectances differ
in the visible domain [34], [40]), need to be considered as
well. Hence, whenever possible, the noninvasive assessment
and predictive analysis of these lesions should also include
the optical inspection of their reflectance responses [18]. It is
important to note that the measurement of these responses may
be subject to technical issues (e.g., influence of probe pressure
on the reading’s accuracy [41]) that also need to be addressed.

IV. CONCLUSION AND FUTURE WORK

We have examined how different biophysical factors can
contribute to the coloration of EISM lesions. Although this

TABLE V: AE}, values calculated for pairs of swatches of
LowEPR specimens (Fig. 5) and for pairs of swatches of HighEPR
specimens (Fig. 6), with the successive pairs associated with increas-
ing dermal blood contents.

LowEPR Specimens | HighEPR Specimens

Dermal Blood Tlluminants Tlluminants
Content D65 A F2 D65 A F2
0.14% - 1% 1.55 227 229 | 092 128 151
1% - 2% 132 127 127 | 133  1.15 1.28
2% - 3% 0.64 039 090 | 039 035 038
3% - 4% 0.60 094 064 | 045 045 039

TABLE VI: AE}, values calculated for pairs of swatches of
LowEPR specimens (Fig. 7) and for pairs of swatches of specimens
HighEPR (Fig. 8), with the successive pairs associated with decreas-
ing PD fibril radii.

LowEPR Specimens | HighEPR Specimens
Illuminants Tlluminants
PD Fibril Radii D65 A F2 D65 A F2
100 nm -90 nm | 133 152 158 | 1.27 1.18 1.59
90 nm -8 nm | 220 153 205 | .64 223 207
80 nm - 70 nm 1.61 207 241 | 206 156 198
70 nm - 60 nm | 223 208 2.18 | 224 207 199

Values > 2.3 (perceptibility threshold) are presented in boldface.

appearance trait may not be sufficient for their effective
screening, it can provide useful information for their timely
detection and correct staging. These aspects, in turn, can
increase the probability of a positive prognosis with respect
to their treatment.

The interconnected biophysical phenomena responsible for
the chromatic attributes of skin melanomas are complex and
still not completely understood. Before reaching a deeply
invasive stage, often characterized by a strong dark coloration,
these lesions may undergo morphological and physiological
alterations that affect their chromatic attributes. The correct
interpretation of these attributes relies on the understanding
about their eliciting biophysical factors as well as their obser-
vation conditions.

Our in silico findings show that variations in these at-
tributes, albeit markedly affected by the abnormal production
of melanin, can be also significantly modulated by the in-
creased presence of other pigments, notably the hemoglobins,
and the intrinsic characteristics of the affected dermal tissues
such as the radius of the PD fibrils. Moreover, they also show
that colorimetric aspects, such as the relative lightness and
hues depicted by the lesions, can be noticeably influenced
by the illuminants’ radiometric properties, in particular their
relative spectral power distributions.

As future work, we plan to examine the effects of variations
in other biophysical parameters such as blood oxygenation, as
well as extend our investigation to other tumour phase transi-
tions and different skin phototypes. The advance of the current
knowledge about the spectral and colorimetric responses of
skin melanomas cannot rely solely on computational studies,
however. More high-quality measured datasets are required to
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enhance the fidelity of modeled predictions, which, in turn,
can be synergistically employed to expand the scientific reach
of experimental initiatives in this area.
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