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Abstract: Malignant melanoma is a tumor characterized by the
uncontrolled proliferation of melanocytes, mainly in skin, but also
in eyes. Its incidence is rising each year. To improve the diagnosis
and treatment of the tumor, it is essential to develop new
effective methods to early detect and characterize melanoma.
Previously, we demonstrated in a single-shot study that it was
possible to map free radicals of melanin pigments using an
electron paramagnetic resonance (EPR)-based method.
Furthermore, we demonstrated that X-Band (9 GHz) EPR
spectrometry was an accurate tool to assess the growth stage of a
pigmented tumor. The aim of the present study was to investigate
the ability of EPR imaging to detect and localize melanin
pigments inside melanin phantoms, B16 melanoma tumor models
and resected human melanomas. We show that EPR can provide

an accurate image of synthetic samples, both in terms of shape
and size, with errors always lower than 10% compared to the real
size. Regarding melanoma studies, the ability of EPR imaging to
map accurately the melanoma was depending on the
concentration of melanin in the sample, which is proportional to
the growth stage of the tumor and the consequent signal-to-noise
ratio (SNR) provided by the EPR signal intensity. This led us to
define an operational concept, considering SNR and interferences
with other EPR signals, to determine when EPR imaging was
feasible.
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Introduction

Malignant melanoma is a tumor characterized by the uncontrolled
proliferation of melanocytes, mainly in skin. The incidence of this
tumor is rising each year (1,2). According to the Surveillance Epi-
demiology and End Results, skin melanoma is currently the fifth
most common cancer diagnosed in men. The last report indicates
that in United States., the cumulative lifetime risk for an invasive
skin melanoma is estimated at 1/52. This means that 1.93% of
American born today will be diagnosed with skin melanoma dur-
ing their lifetime. Moreover, the mortality of skin melanoma is
high, it is the most dangerous form of skin malignancy and it is
responsible of three on four deaths linked to a skin tumor (3).

On the other hand, malignant melanoma might appear in other
localizations than skin, with a lower incidence. The most common
non-cutaneous melanoma is the uveal melanoma with an inci-
dence of 5.3-10.9 cases per million people per year in United
States (4). Epidemiological studies show that contrary to that of
skin melanoma, the incidence of uveal melanoma stayed stable
during the last 30 years (4), with a trend to the decrease (5).
Despite the stabilization of its incidence, uveal melanoma remains
dangerous because of its aptitude to early metastasization, mainly
in liver, lungs and bones. Following the Collaborative Ocular Mel-
anoma Study (COMS) reports, the cumulative rate of metastases
at 5 years is 25% (6,7). Metastases in liver are the most frequent
and are associated with a median survival of 6 months (8).

Most of the time, diagnosis of both skin and ocular melanomas
is difficult. For now, the only methods used for suspecting in-situ
cutaneous melanoma are visual examination, dermoscopy and digi-
tal dermoscopy. These methods, even if effective, show limitations.
Indeed, they do not provide any information about the penetration
of the tumor in the skin, which is a crucial factor for the determi-
nation of the growth state of the potential melanoma, and to pro-
vide an adapted treatment. When a tumor is suspected, the lesion
is removed and further analysed by histological examination to
make a final diagnostic. Although histological examination is an
accurate diagnosis tool, it requires a surgical intervention. This
intervention may be difficult because the resection margins might
appear unclear. Consequently, resection margins are often larger
than the visible lesion. However, this is not always sufficient when
the melanoma is spreading widely inside the dermis.

The diagnosis of ocular melanoma is also difficult because of
the frequent hidden localization of the tumor. All forms of uveal
melanoma can usually be suspected in-situ with a slit lamp biomi-
croscopy, but required in-depth examinations using advanced
technologies like fluorescein angiography, magnetic resonance
imaging, computed tomography or ultrasonography to be con-
firmed (9). Despite the efficiency of these techniques, none of
them is currently able to estimate accurately the tumor penetra-
tion, which is crucial information to assess the malignant potential
of the suspicious lesion.
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For these reasons, it seems essential to improve the diagnosis
and treatment of melanoma by developing accurate and non-inva-
sive methods of its detection and characterization. A non-invasive
tool could be interesting in assistance to diagnosis of both
cutaneous and ocular melanomas and helpful in determining the
resection margins on the basis of the invasion depth. Our study
takes part in the development of a new magnetic resonance-based
method: electron paramagnetic resonance imaging (EPRI).

Electron paramagnetic resonance is a method similar to nuclear
magnetic resonance where the electron spins are detected instead
of nuclear spins. It has been demonstrated that pigmented mela-
noma lesions could be detected by EPR spectrometry using the
paramagnetic properties of melanin pigments. Indeed, the stable
free radicals contained in melanin provide a specific and recogniz-
able EPR signal. The first scientific communication that pointed
the EPR properties of melanin was published in Nature in 1954.
Commoner had observed an EPR signal in natural melanin which
he attributed to free radicals trapped in the pigment (10). This
was confirmed a few years later when it was demonstrated that
melanins from different origins provided very similar EPR signals
(11). Nevertheless, two different signals corresponding to the two
major types of melanin, eumelanin and pheomelanin, could be
distinguished in ulterior studies (12,13). In 1963, Nebert demon-
strated that the melanin contained in melanoma samples was suit-
able for EPR studies (14). EPR was then successfully applied to
the detection and study of synthetic melanins and natural mela-
nins (15-17), but also to different tumor-related samples like par-
affin-embedded melanoma slices (18), frozen melanoma samples
(14,19,20) and even in-situ melanomas (21). The sensitivity of the
method was proven by comparison with other well-documented
methods like high-performance liquid chromatography (13), and
the ability of using EPR method to quantify melanin on the
ground of the amplitude of its spectrum was also demonstrated
(22,23). In 2005, Timmins (24) submitted a patent for the concept
of detecting melanoma by EPR, and recently, our team demon-
strated that there was a correlation between the amplitude of the
melanin signal coming from an experimental melanoma and the
growth stage of the tumor (25).

On the other hand, Katsuda demonstrated that it was possible
to get an image from an ex-vivo melanoma using a X-band
(9 GHz) EPR spectrometer (26), and in 2008, our group was able
to get the first image of melanin pigments from an in-situ B16
mouse melanoma using an L-band (1 GHz) EPR spectrometer
(27).

For more information, the field of applications of EPR to skin
and hair research has recently been reviewed by Plonka (28).

It is now established that EPR spectrometry can successfully be
used to detect melanin inside pigmented melanoma. However, the
spectrometry technique does not provide any spatial information
about the repartition of pigments inside the sample. This informa-
tion would be very helpful to assess the size and the depth pene-
tration of melanomas, which are critical characteristics for the
diagnosis, the definition of the margins for tumor resection and
the monitoring of the tumor progression. In the present work, we
investigated the ability of EPR imaging to detect and map the
melanin pigments inside different kinds of samples relevant for
melanoma studies. The study started with synthetic melanin sam-
ples mimicking melanoma with different Clark index (invasiveness

into the skin), then moved to mouse melanomas and finally to
human skin melanomas. The main objective of this work was to
determine the level of accuracy and the detection limit of EPR
imaging when applied to melanin-containing samples like human
pigmented melanoma.

Materials and methods

Samples preparation

Synthetic phantoms mimicking melanoma

Three synthetic phantoms (S1, S2 and S3) were moulded with
synthetic eumelanin (cell culture tested synthetic melanin; Sigma-
Aldrich, GmBh, Steinheim, Germany) diluted in p-Sucrose with
concentration 1/10 w/w. These phantoms were created in the ‘T’
shape of typical melanoma, where the horizontal and transversal
bars of ‘T, respectively, refer to the radial and vertical growth
phase of the tumor. The dimensions of the samples were mea-
sured using a calliper and ranged from 4.8 mm (horizon-
tal) X 2.6 mm (vertical) to 6.6 mm X 4.4 mm. The cross-section
was identical from one sample to another (0.7 mm) and homog-
enous so that the quantity of melanin was equal from the edges
to the centre. These samples were coated with non-paramagnetic
tape, so that melanin could not move during the measurements,
and put into a quartz tissue cell (ER 162 TC-Q Tissue Cell; Bru-
ker Biospin, GmBh, Rheinstetten, Germany).

Mouse melanoma samples

B16F10 melanoma cells were routinely cultured in serum-contain-
ing DMEM. 750 000 melanoma cells were injected s.c. to 8-week-
old male C57Bl6 mice (n = 3; Elevage Janvier, France). Animals
were sacrificed and tumors excised 8 days after injection. The first
tumor was freeze-dried and one 1-mm-thick slice was cut and
coated with non-paramagnetic tape. This slice was used as a sam-
ple and put into a quartz tube at the time of measurement. The
two other tumors were fixed using Bouin’s fixative, a solution
composed of formol, picric acid and acetic acid, and then embed-
ded with paraffin. Two hundred-and 100-um-thick slices were cut
from each of these two tumors. These samples were put into a flat
quartz tissue cell at the time of measurement. As a control,
Bouin’s fixative and paraffin were measured alone by EPR spec-
trometry using the same parameters.

Human melanoma samples

Specimens of human cutaneous melanomas were obtained from
the melanoma bank of the Dermatology Unit of the ‘Cliniques
Universitaires Saint-Luc’ in Brussels, Belgium. The melanomas
were classified into four categories in function of their Breslow
index (index for evaluating the tumor thickness) at the time of
excision and following the AJCC 2001 classification system.

e T4 (n = 3) means that at the time of excision, these
melanomas were in an advanced growth stage, with the
possible presence of satellite metastases around the tumor.
The primary lesion was invading the subcutaneous tissues
and/or had a thickness higher than 4 mm.

e T3 (n = 3) means that, at the time of excision, these
melanomas were invading the papillar dermis, the reticular
dermis and/or had a thickness ranging between 2 and
4 mm.

e T2 (n = 3) means that the tumors were invading the
papillar dermis, the reticulo-papillar junction and/or had a
thickness ranging between 1 and 2 mm.
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e T1 (n = 3) means that the tumors were only invading
the papillary dermis and had a thickness inferior to 1 mm.

All tumors were fixed with Bouin’s fixative and embedded in
paraffin. A 500-um-thick slice was cut from each tumor and used
as a sample. All samples were put into a flat quartz tissue cell at
the time of measurement.

All experiments were approved by the local ethics committee
(N/ref. 2010/12AVR/120 — No. B40320108558).
EPR measurements
All spectra and images were recorded at room temperature on a
Bruker E540 Elexsys system (Bruker Biospin, GmBh) equipped
with a Super High Sensitivity Probe (10mm diameter, 30 mm
long) operating in X-band mode at approximately 9.5 GHz and
100 KHz modulation frequency. Parameters were chosen to
provide the best signal-to-noise ratio (SNR) with no distortion of
the signal shape. For images, the following parameters were used:
microwave power: 3.2 mW; modulation amplitude: 0.25 mT;
conversion time: 10.24 ms; time constant: 5.12 ms; sweep width:
100 G; number of points: 1024; number of scans: 40; sweep time:
41.94 s; gradient field: 450 mT/m; number of projections: 25;
pixel size: 0.6 mm; total acquisition time: 18.5 min. The spectra
were acquired in the same conditions, in the absence of gradient
field. Image and spectrum acquisitions were repeated three times
for every sample. 2D images were reconstructed on a 128 x 128
matrix by filtered backprojection using a Shepp-Logan filter.
Before reconstruction, each projection was deconvoluted using fast
Fourier transform with the measured zero-gradient spectrum to
improve image resolution. To reduce noise amplification and
avoid possible division by zero at high frequencies, a low pass
filter was used. The deconvolution parameters, including the
maximum cut-off frequency and the width of the window in the
Fourier space, were set-up after viewing the shape of all
projections. Data were smoothed using a Gaussian filter. Spectral
deconvolution and filtered backprojection were performed using
the Xepr software package (Bruker). Dimensions of the samples
on EPR images were measured using a dedicated application in
the Bruker Elexsys software. For each image, a reference spectrum
was obtained at the same parameters so that SNR could be

measured.
Results

Synthetic melanin phantoms

The three samples made of synthetic melanin were first measured
using EPR imaging. For each sample (S1, S2, S3), real dimensions
and dimensions measured on the image are summarized in the
Table S1. We observed that dimensions on the images were always
correlated to the real dimensions, with differences between them
always <10% of the real size. Pictures of the three samples with
their associated EPR image are shown on Fig. 1. It was observed
that the shape of the samples was corresponding to the real sam-
ples and that intensity of EPR signal was homogenous. The loss of
intensity towards the edges of the object (the so-called ‘edge
effect’) reflects the finite resolution which is limited by the spectral
properties of melanin. A reference spectrum was obtained from
each of the three samples. The SNRs measured on these spectra
were ranging from 106.7 for the biggest sample (S1) to 73.3 for
the smallest sample (S3). As demonstrated in a previous study, the
SNR is tightly linked to the quantity of melanin inside the sample
(25).

Figure 1. Synthetic phantoms: Three synthetic phantoms made with synthetic
melanin diluted in o-sucrose (concentration 1/10), from the left to the right: S1 (a.1),
S2 (b.1) and S3 (c.1), and their respective electron paramagnetic resonance (EPR)
images (a.2, b.2, c.2). For samples and images dimensions, refer to the Table S1.

Mouse melanoma
Five mouse melanoma samples were then measured and imaged
using X-Band EPR. A summary of the results can be found in the
Table S1. The 1-mm-thick freeze-dried sample (M1) and the two
200-pm-thick paraffin-embedded samples (M2, M3) provided
accurate EPR images in which general shapes correlated with the
real shapes (Fig.2) and the differences between real sizes and
image sizes did not exceed 10% of the real size. As we can see,
especially on the image of M1, the signal intensity was slightly less
homogeneous than in synthetic samples. This could be explained
by an inhomogeneous repartition of the melanin pigments inside
the samples. As for synthetic phantoms, a reference spectrum was
obtained from each sample. These EPR spectra were characterized
by the presence of one single-line signal corresponding to the
eumelanin signal. The SNR observable on the spectra was ranging
from 75.2 for M1 to 26.3 for M3.

The other two mice melanoma samples were 100 um-thickness
slices (M4, M5), coming from the same tumors as M2 and M3,
and contiguous to them. As we can see on Fig. 2.b.3,c.3, these two

(b:»fmr"-

Figure 2. Mouse melanoma: Three mouse B16 melanoma samples, from the left
to the right: M1 (a.1), M2 (b.1) and M3 (c.1). M1 is a 1-mm-thick slice from a
freeze-dried melanoma. Its electron paramagnetic resonance (EPR) image is shown
on figure a.2. M2 and M3 are 200-um-thick slices from paraffin-embedded
melanomas. Their respective EPR images are shown in figures b.2 and c.2. Figures
b.3 and c.3 show EPR images of 100-um-thick slices contiguous to M2 and M3
(M4 and M5). For samples and images dimensions, refer to the Table S1.
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samples did not allow the acquisition of clear images. The mea-
surement of the vertical dimension of the M4 image was not pos-
sible and the sample M5 provided a rough image, with a unique
central spot while the real sample was composed of two parts.
Consequently, it was not relevant to get measurements of the size
of these two samples. A reference spectrum was obtained from
each sample, showing a SNR of 8.2 for M4 and 7.3 for M5. These
values were weaker than for the first three samples, which was the
consequence of the lower thickness of the slices and so, the lower
quantity of melanin inside the EPR cavity.
Human melanoma
Twelve human melanoma samples were measured, beginning with
three 500 pum-thickness slices coming from melanomas classified
as T4 by anatomopathologists (H1, H2, H3). The dimensions of
the samples and their respective images are indicated in the
Table S1. For each of these three samples, we observed that real
dimensions and dimensions of their images were correlated, with
differences between them not exceeding 10%. As we can see on
the Fig. 3, the real shapes and shapes of the images were corre-
sponding, but the EPR intensity inside the images was not homo-
geneous. This inhomogeneity of the intensity could be correlated
with inhomogeneities of thickness for H1 and inhomogeneity of
pigmentation for H2 an H3. As for synthetic samples and mouse
melanomas, a reference spectrum was obtained from each human
sample. For these three T4 samples, the SNR was ranging from
1107.2 for HI to 21.7. This big difference of SNR could be
explained by the difference of size and pigmentation between the
samples.

The next three human melanoma samples came from T3
tumors (H4, H5, H6) (Fig. 4). It was pointed that only the sample
H4 (Fig. 4.a.1) could provide an EPR image. This image was fairly
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Figure 3. T4-stage human melanoma: 500-um-thick slices were cut from three
paraffin-embedded T4-stage human melanomas. From the left to the right:
samples H1 (a.1), H2 (b.1) and H3 (c.1). For sample H3, an histological section is
presented. Electron paramagnetic resonance (EPR) spectra recorded from these
samples are shown in figures a.2, b.2 and c.2. The EPR signal of melanin

(g = 2.005, linewidth = 0.55 mT) is pointed (blue arrow) on every sample. EPR
images obtained from these samples are shown in figures a.3, b.3 and c.3. For
dimensions, refer to the Table S1.
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Figure 4. T3-stage human melanoma: 500 um-thickness slices were cut from
three paraffin-embedded T3-stage human melanomas. From the left to the right:
samples H4 (a.1), H5 (a.2) and H6 (a.3). Electron paramagnetic resonance (EPR)
spectra recorded from these samples are shown in figures a.2, b.2 and ¢.2. The
EPR signal of melanin (g = 2.005, linewidth = 0.55 mT; blue arrow) and interfering
signals (g = 2.230, linewidth = 10.6 mT for H5; g = 2.337, linewidth = 26.7 mT
for H6; red arrow) are pointed. The EPR image of sample H4 is shown on figure
a.3. No EPR image could be reconstructed from H5 or H6 sample. For samples and
images dimensions, refer to the Table S1.

correlated with the real sample, showing a decrease in intensity in
the lower part that could be associated with a decrease in the pig-
mentation in the same area. The two other samples, H5 and H6,
did not allow the reconstruction of any EPR image. An EPR refer-
ence spectrum was obtained from the samples and a slight differ-
ence was observed between their respective SNR’s. Indeed, the
spectrum coming from the imageable sample presented a SNR of
11.0, while the two other samples presented SNR’s of 6.5 and 2.5,
which consequently seemed insufficient for EPR imaging. A sec-
ond notable difference was found between the spectrum of H4
and the two other spectra that can be explained the difficulty to
get an image from those samples: the appearance of an unknown
EPR signal, different from melanin signal, and positioning next to
it. The g-factor of this signal was g = 2.230 for H5 and g = 2.337
for H6. To allow the reconstruction of an EPR image, the baseline
of the reference spectrum must be flat, which was not the case
here, as we can see on Fig. 4.b.2,c.2.

Like the two previous samples, the last six samples of the study,
coming from T2 melanomas (H7, H8, H9) and Tl melanomas
(H10, H11, H12), did not allow the reconstruction of any EPR
image. The SNR were measured on the reference spectrum of each
sample and were ranging from 6.3 to 1.8, with a mean SNR
slightly higher for samples coming from T2 stages. Moreover, an
interfering EPR signal was observed on five of the six spectra.

It must be noted that, when looking at the spectra of the human
samples, the EPR signal mostly referred to eumelanin, character-
ized by a single line spectrum, with a negligible contribution of
pheomelanin, characterized by a '*N hyperfine-splitted free radical
signal consisting of three features, the high-field one hardly read-
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able (12). However, the presence of pheomelanin was more pro-
nounced for ¢ and d samples (see Figure S1), confirming the possi-
bility that melanoma might contain the both types of melanin in
variable concentrations (29,30). The main line on these spectra was
slightly wider (0.70 mT) compared with pure eumelanin spectra
(0.55 mT), which is a characteristic of the presence of pheomelanin
(31).

Discussion

In this work, it was demonstrated that EPR imaging could detect
and provide accurate information about the dimensions of
melanin-containing samples. Indeed, the images obtained from the
three synthetic phantoms were faithful to the real samples, both in
terms of shapes and dimensions. However, minor differences
between real sizes and image sizes were observed (max = 0.2 mm).
Explanations to this phenomenon were firstly the gradient field
limitation (max = 450 mT/m) that led to a resolution limitation
because the maximum theoretical resolution is determined by the
ratio between the linewidth of the EPR signal and the applied gra-
dient field (0.55 mT/450 mT X m~' = 0.0012 m). However, in
practical terms, this resolution is improved by the deconvolution
process. Secondly, these small differences were also because of the
difficulty to obtain absolutely accurate measurements when using
the calliper or the measurement software. Another observation that
could be pointed out was the heterogeneity of the intensity inside
images obtained from these homogenous synthetic phantoms.
Indeed, non-initiated eye might have expected a totally homoge-
nous intensity all over the samples. However, a decrease in the sig-
nal around the edges of images was observed. This phenomenon is
very classical and merely reflects the limited resolution of the tech-
nique resulting in somewhat blurry edges rather than sharp and
clear cut edges. Nevertheless, the deconvolution process used
before image reconstruction attenuated this limitation.

The observation of the results obtained from mouse melanomas
pointed another limitation to the method. In the biological sam-
ples, it was already demonstrated that the concentration of melanin
was lower than in this kind of synthetic phantoms and was corre-
lating with the tumor growth state (25). Therefore, a decrease in
the SNR was awaited, leading to a lower quality of images,
especially for small tumor samples. This phenomenon was
observed, with the consequence that the two thinnest samples
(100 um) could not provide any EPR image. As a characteristic of
the melanin contained in the samples, the SNR was measured on
every reference spectrum. As expected, it was observed that the two
100 um-thickness slices had the lowest SNR’s of this group of sam-
ples with 8.2 and 7.3, while the three thicker samples were 75.2,
30.9 and 26.3. From this observation, we could determine that, in
the absence of any interfering signal, the threshold to apply
successfully EPR imaging to melanin-containing samples was
situated between 8.2 and 26.3.

The final part of the study, focusing on the detection of human
melanoma, was somehow the most interesting. Despite the limits
of the method, which will be discussed later, it was demonstrated
that there was a link between the ability to get clear EPR images
and the tumor invasion state. This confirmed the results obtained
in our previous study, where it was observed that there was a
straight correlation between the tumor growth stage and the SNR
of the EPR spectrum (25). Moreover, the link between the SNR
and the ability to use EPR imaging observed for mouse melanoma

was here confirmed. Indeed, while the T4-stage samples were per-
fectly convenient for EPR imaging, the acquisition of images from
tumors with inferior grades was more difficult. In fact, amongst
the three T3 melanoma samples, only one allowed the reconstruc-
tion of a clear EPR image. This sample had a SNR of 11.0 when
the two non-imageable samples had SNR’s of only 6.5 and 2.5. In
the same way, EPR imaging was not feasible for T2 and T1
samples where the SNR’s were comprised between 6.3 and 1.8. By
associating results for human and mouse melanoma, we could
refine the limit of application of EPR imaging to melanin-contain-
ing samples that provide SNR’s ranging between 11.0 and 8.5 in
the absence of interfering signals. However, interfering signals
appeared clearly on two of the three T3-stage melanomas and five
of the six T2 and T1-stage melanomas and constituted an addi-
tional barrier to the successful application of EPR imaging to early
melanomas. The origin of these signals has not been determined
so far. Nevertheless, it has been demonstrated in the literature that
metal ions could be adsorbed by melanin (32) and that the pres-
ence of metal ions had a direct consequence on the saturability of
melanin signal (16). Considering this information, a complemen-
tary experiment was performed to compare the microwave power
saturability of samples that present an interfering signal and those
that do not. It was shown that samples presenting an interfering
signal were harder to saturate with microwave power than others.
This observation is in line with the previous references and lets us
think that the interfering signals may be linked to the presence of
metal ions inside a part of the melanoma samples.

As a conclusion, we demonstrated for the first time that EPR
X-Band imaging could provide accurate and specific images of
human melanoma samples, despite some indubitable actual limits.
This was achieved by focusing the measurements on the EPR sig-
nal of melanin pigments. However, it must be noted that amela-
notic melanomas exist and will thus never be detectable by this
method. In the same way, there is still no means of distinguishing
melanoma from a benign melanocytic nevus.

For now, the most effective tools to diagnose melanoma remain
dermoscopy, followed by histological examination if necessary.
Because of the actual limits in sensitivity and resolution of X-Band
EPR, and because the problem of sensitivity will be still more pro-
nounced in-vivo in L-Band, dermoscopy stays incontrovertible. In
fact, this method is the most accurate to define in-vivo the border
of the tumor, its shape, fragmentation and its fractal dimension,
which is one of the most straightforward parameter determining
the invasiveness of the tumor. On the other hand, anatomopathol-
ogy remains the most efficient tool to confirm the diagnosis and
estimate the expanse of the tumor without performing a complete
resection. Nevertheless, the interest of developing an EPR-based
method applicable in-vivo is still high. The ability of EPR imaging
to detect and map melanin pigments would be very helpful in the
case of ocular melanomas, where the tumor is generally hidden. In
the field of skin melanoma treatment, EPRI could also play a role
by determining non-invasively the expanse of melanoma wide-
spread inside of the skin and determine the margins of resection
for excision, which is for now impossible without performing one
or more biopsies. For that purpose, upgrading the sensitivity of
EPR method is necessary. The use of S-Band EPR should be con-
sidered (28). In fact, the sensitivity of this method is higher than
L-Band but lower than X-Band, but microwaves may only pene-
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trate 3—4 mm inside of a water-containing sample like skin, which
might be insufficient for big tumors. On the other hand, technical
improvements, especially in the field of EPR cavities and postpro-
cessing treatment of spectra and images, are on the way (33,34)
and should, in the future, enhance the performance of both ex-
vivo and in-vivo EPR.
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