Journal of Biomedical Optics 9(6), 1320-1326 (November/December 2004)

Comparison between ultraviolet-visible and near-
infrared elastic scattering spectroscopy of chemically
induced melanomas in an animal model

Ousama M. A’Amar

Boston University

Department of Biomedical Engineering
Boston, Massachusetts 02215

Ronald D. Ley

University of New Mexico
School of Medicine
Albuquerque, New Mexico 87131

Irving ). Bigio

Boston University

Department of Biomedical Engineering
Boston, Massachusetts 02215

Abstract. The work reported compares elastic scattering spectroscopy
(ESS) for diagnosis of pigmented skin lesions in two spectral regions:
UV-visible and near infrared (NIR). Given the known strong absorp-
tion by melanin in the near-UV to mid-visible range of the spectrum,
such a comparison can help determine the optimum wavelength
range of ESS for diagnosis of pigmented skin lesions. For this purpose,
four South American opossums are treated with dimethylbenz(a)an-
thracene on multiple dorsal sites to induce both malignant melano-
mas and benign pigmented lesions. Skin lesions are examined in vivo
with ESS using both UV-visible and NIR, with wavelength ranges of
330 to 900 nm and 900 to 1700 nm, respectively. Both portable sys-
tems use the same fiber optic probe geometry. ESS measurements are

made on the lesions, and spectral differences are grouped by diagno-
sis from standard histopathological procedure. Both ESS datasets show
strong spectral trends with the histopathological assignments, and the
data suggest a model for the underlying basis of the spectral distinc-

tion between benign and malignant pigmented nevi. © 2004 Society of
Photo-Optical Instrumentation Engineers. [DOIl: 10.1117/1.1803845]
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1 Introduction the ABCD criteria(and mainly the color of the suspected
lesions has been shown to improve the accuracy of detecting
melanom&~1° Dermoscopy, an imaging technique that is
ysed extensively in clinical practice, can enhance the detec-
tion of microscopic featurege.g., brown globules, pigment
network, branched streak, and homogeneous blue pigmenta-
tion) of cutaneous melanocytic lesiohs'> Dermoscopy has
shown higher sensitivity value®0 to 95% compared with

the average sensitivit70 to 80% for clinical visual
examinationt® However, the specificitycorrectly identifying
benign lesionsis still poor. A fiber optic confocal imaging
system, with associated fluorescent markers, has been tested
on an animal model and was sensitive to melanoma tumors up

The mortality rate due to cutaneous malignant melanoma has
grown over the past 20 years in most parts of the wbrd.
Successful treatment of melanoma depends on early diagnosi
and excision. Prior to excision, the diagnostic accuracy of
identifying a pigmented skin lesion as malignant or benign
depends essentially on the practitioner expertise. Some pig-
mented skin lesions are difficult to classify, especially when
they present unusual featufe€hen et al. have reported that
the probability of primary-care physicians to correctly deter-
mine that a pigmented lesion may be malignant and to make
the appropriate management decisieither to order a biopsy

or to refer the patient to a melanoma specialistn be as oW 1 5 2 mm under the skin surfad®.

as_0'426' Melanoma can be sometimes confused, even for the  pecent advances in several areas of optical technology
skin-cancer specialist, with other types of pigmented lesions p5ye |ed to the development of a variety of optical biopsy
(melanocytic nevi® Early melanoma diagnosis is mostly techniques. These techniques offer a range of modalities for
based on the visual features of the suspected lesions such agjagnosis, and include elastic scattering spectros¢ES8,

the asymmetry, border, color, and dimensi@BCD).” Sev- jight-induced fluorescence spectroscoflyFS)'5-*7 optical

eral computerized imaging techniques that could help in rec- coherence tomograph§OCT),'8-2 diffuse optical tomogra-
ognizing these criteria have been developed. Applying the phy  (DOT),*"* and Raman and vibrational
ABCD criteria, a spectrophotometric imaging technique that spectroscop$’~2° ESS, sometimes called diffuse-reflectance
uses selected spectral bands from 420 to 1040 nm to enhanc@pectroscopy’ is a particularly attractive technique, since it
provides spectra that contain information about the subcellu-
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tent(e.g., hemoglobin and melaniff Because ESS translates treated with dimethylberia)anthracene to induce malignant
tissue morphological changes at the cellular and subcellularmelanomas as well as benign pigmented lesions. 13 pig-
level into spectral featureés it can be compared with standard mented lesions were examinaudvivo using both UV-visible
histopathologic assessment, which is commonly based on theand NIR-ESS, and subjected to histopathological assessment.
analysis of microscopic structutt®® Hence, ESS may be an It is recognized that such a small number cannot constitute the
appropriate technique for cancer diagnosis, with the advan-basis of statistical analysis, so the goal of this study was to
tage of noninvasively providing real-time diagnostic signa- assess quantitatively the strength of correlation with histopa-
turesin situ, which are related to histopathology. thology for two wavelength ranges of ESS, and to provide

We have previously reported on clinical studies using the guidance for larger studies.

ESS technique for diagnosing breast tissues and breast senti-

nel lymph nc?de§,l upper and lower Gl tract muco§%1_?3 and 2 Materials and Methods

bladder* This work focuses on the problem of pigmented
skin lesions for which standard histopathologic examination is 2.
the best method available for determining the presence or ab-Animals were from the breeding colony maintained at the
sence of melanon&. Southwest Foundation for Biomedical Reseai$hn Antonio,

The progression of the melanocyte to a malignant mela- Texas. The University of New Mexico Institutional Animal
noma passes through various steps: development of benignCare and Use Committee approved protocols were used in
nevocellular nevus, preneoplastic dysplastic nevus, primary this study. Opossum skitfor this breedl is thin compared to
melanoma, and metastatic melanoth@he thickness, known  human skin. Normal opossum skin of the tokmth ventral
as the Breslow thickness, of the lesion is an important prog- and dorsal surfacg$acks Rete ridges. The stratum basale and
nostic factor for melanocytic lesioris:*° Differences in le- stratum spinosum together are 1 to 4 cells thick; the stratum
sion thickness and microscopic architecture changes are bothgranulosum is discontinuous, and the stratum corneum is rela-
likely to affect the ESS signal. Over the red to near-infrared tively thick and of uniform thicknes®. Therefore, this animal
spectral region, scattering dominates over absorption in mostmodel is suitable for scattering measurements.
tissuel®4%41 with hemoglobin having a stronger absorption
effect at wavelengths under 600 nm, especially for subepithe-2.2  Treatment with 7, 12-Dimethylbenz(a)anthracene
lial tissues. However, pigmented skin lesions, both malignant prior o treatment, animals were anesthetized in a

and benign, generally contain higher concentrations of mela- pajothane/@ atmosphere and dorsal hair was removed. The
nin than normal skin. Melanin is known to absorb and scatter ghaved dorsum of eight opossums was treated with.1Qff
light very strongly in the UV-visible spectral region, with the (5o dimethylben@anthracene(DMBA) in ethanol on
extinction coefficient rising for shorter wavelengths as result Monday and Thursday of week 1. At week 9, the average
of Rayleigh scattering caused by the melanin grartfighe number of melanocytic lesions greater than 1 mm in diameter
absorption of melanin is much weaker in the near-infrared per animal was approximately 12. One or more of these le-
(NIR), where scattering can be expected to dominate in skin. sions on each animal progressed over a 2-yr period to mela-
Optical properties of melanoma have been explored using nomas. Melanomas on three of the animals had metastasized
reflectance spectroscopy. Using a bundle of 30 fiber oft8s {4 lymph nodes, liver, spleen, and lungs. 76 weeks following
sources and 12 detecjaas a probe, Wallace et al. recorded  p\BA treatment, a total of 13 melanocytic lesions on four of
the reflectance spect@20 to 1100 nmfrom 121 melano-  the syrviving five animals were analyzed by ESS while ani-

cytic benign and malignant skin lesiofiSEncouraging corre-  ais were anesthetized. The lesions appeared to the unaided
lations with pathology were reported. The accuracy of detect- gye 1o he uniformly pigmented and quite dark. The lateral size
ing melanomas was either 72 or 86.7% based on the of the |esions ranged between 3 and 7 mm in diameter. Com-

classification method used for the analysis of the spéttra. paraple colors and sizes were observed for both benign and
Mcintosh et al. have performeid vivo reflectance spectros-  ajanoma lesions.

copy (400 to 2500 nmon skin neoplasmgboth pigmented
and nonpigmented lesionsSignificant spectral differences
(p<0.05 were found between normal skin and skin neo-
plasms in several regions of the NIR spectrtim.

To our knowledge no one has reported on the use of ES
on melanoma beyond the wavelength 1100 nm. Given the
strong absorption by melanin at the shorter wavelengths, it is
instructive to compare spectra obtained by the ESS method
using our previously employed instrumentation over the spec-
tral range 330 to 900 nm, with spectra extending farther into
the NIR (900 to 1700 nm The intent is to be more sensitive
to changes in scattering that accompany dysplasia, rather thar?-4 ESS Systems
being mainly sensitive to the presence of major absorbers The general principles of elastic scattering spectroscopy and
(e.g., hemoglobin and melaninTherefore, we deemed it war-  the operating features of the optical systems have been de-
ranted to explore pigmented lesions using the NIR spectral scribed in earlier publication€:* Although not previously
region to determine which spectral range would be more ef- described in those publications, the NIR system invokes a
fective for distinguishing malignant from benign conditions in  different spectrometefControl Development, Incorporated,
pigmented skin lesions. For this purpose, four opossums wereSouth Bend, Indianaand light source, but operates in the

1 Animals

2.3 Histopathology

Following ESS measurements, and while the animals were
ganesthetized, 13 melanocytic lesions were removed for histo-
pathologic examination. The samples were fixed in 10% neu-
tral buffered formalin, embedded in paraffin, sectioned at 5
um, and stained with hematoxylin and eosin. Following mi-
croscopic examination, the lesions were classified as melano-
mas or benign lesions based on cellular morphology.
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Fig. 2 Normalized elastic scattering spectra representative of typical
data for pigmented benign lesions, melanomas, and normal skin mea-
sured on opossums using UV-visible ESS system. B is benign pig-
mented lesion. M is melanoma, N is normal skin.

same manner as the UV-visible system. It is integrated into a
portable computer chassis, and has no moving parts. The
spectrometer utilizes a single-stage TE cooled 512-element )= (N ) tissue™ | (M )tissue background
InGaAs array for detection and appropriately specified mir- )
rors, grating, etc. The UV-visible system uses a pulsed broad-
band Xenon arc lamp as the light source, and the systemo s Aqathematical Treatment of Data
response covers the spectral range of 330 to 900 nm. The NIR
light source is a continuous broadband incandescent lamp, - S }

under the entire curve to facilitate comparison of spectral

which easily covers the detector’s spectral region of 900 to L .

1700 nm. Both systems use the same fiber optic probe geom_shapes. In 'the UV-visible ESS, the.area difference between
- . S S the trapezoid formed at the boundaries of the range of 400 to

etry. The core diameters for illuminating and collecting fibers

were 400 and 20Qum, respectively, with center-to-center 650 nm and the corresponding spectral curve was used as the

) ; . criterion to distinguish malignant melanomas from benign le-
separation of 35m, and spectra are taken with the probe tip sions. The NIR-ESS spectra were renormalized to unity at the
in optical contact with the tissue surfatgee Fig. 1 At this ) P y

small separation, the collected light is highly sensitive to scat- wavelength 1340 nm, chosen because there is minimal water
. para ' . 9 gnly . absorption at this wavelength. The area under the curve cov-
tering but is also sensitive to absorption properties of

tissue’’#8 With this configuration, collected scattered light <9 the range of 920 to 1200 nm in the normalized spectra

. . served as the distinction criterion.
must undergo one to several scattering events at a typical
depth(in the UV-visible region of between 100 and 40@m
from the surface of the lesion. For the specific probe geometry 3  Results and Discussion
used in this work, our Monte Carlo simulations showed that The 13 biopsied lesions were analyzed by standard histo-
collected photons from tissue in the NIR region, beyond the pathological criteria, assessing the cellular morphology. Using
absorption peaks of water, come from a depth of up to 750 these criteria, the samples were classified as follows: 5 mela-
pm, although many photons are collected from shallow nomas, 1 undecide@indeterminatg 6 benign lesions, and 1
depths. Assuming the typical banana-shaped zone of the scatnormal skin.

I ()\)ref_ I ()\)ref backround

The resulting spectré(\) were normalized to the total area

tered photons between the illuminati®f00 xm) and the col- Typical spectra from both the UV-visible and NIR ESS
lection (200 um) fibers, the volume investigated ranges ap- systems, for pigmented benign lesions, melanomas, and nor-
proximately between 0.06 mimUV-visible) and 0.2 mm mal skin, are shown in Fig. 2. The normalized spectral inten-
(NIR). sities were adjusted so that the intensities at 900 nm in the

At least three measurements were taken on a specific aredJV-visible spectra meet the starting intensities at 920 nm in
of each lesion, and then averaged to represent the ESS spedNIR spectra. These resulting spectra were then normalized
trum for that lesion. The sites on the lesions where the mea- again to have the same total area under the curve, and each
surements were taken were precisely marked for the histo-represents the average of the three types of all spectra for the
pathological assessment. All measurements reported in thiscorresponding diagnosis.
work were taken in the presence of ambient illumination with As shown in Fig. 2, the chromophores that affect the ESS
background subtraction, and the spectral response of each sysspectra, in both UV-visible and NIR spectral regions, are
tem was calibrated by recording a reference spectrum from amelanin, hemoglobin, and water. Melanin, which strongly ab-
spectrally flat diffuse reflectofSpectralon®. Thus, the dis- sorbs light in the UV-visible region, is the major chromophore
played spectra were calculated according to: in the pigmented lesiorf$:*> The extinction spectrum of
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Fig. 3 Extinction spectrum of eumelanin. The data for this spectrum
were obtained from the Laser Photomedicine and Biomedical Optics 21073
at the Oregon Medical Center web pages (http://omlc.ogi.edu). They
refer to Ref. 49 as their source of data. )

eumelanif® (the class of melanin found in human black hair
is shown in Fig. 3. If the absorption process due to melanin
was always dominant, the spectral region from 330 to 600 nm
would be expected to be strongly attenuated. Figu@ 4
shows a close view of the ESS spectra in the UV-visible
range. The error bars represent typical range of devidtion

to max from the mean value of ESS traces in the regions of
interest(400 to 650 nm and 920 to 1200 mrfor malignant
(bold line) and benign(thin line) lesions. The full range of
deviation in the spectral regions of interest is reflected in Fig.
5.

Normalized units

The shape of the ESS spectra for melanoma for the short- S0 1000 1100 1200 1300 10 100 1600 1700 1800

wavelength range of the spectrum, 330 to 600 nm, is surpris- Wavelength [on]
ing. Although melanin absorbs very strongly in this region, Fig. 4 Close view of the normalized elastic scattering spectra repre-
with the extinction coefficient rising for shorter wavelengths, sentative of typical data for pigmented benign lesions, melanomas,
the ESS signal actually increases. In contrast, the ESS signaknd normal skin measured on opossums using (a) UV-visible and (b)
from benign pigmented lesions either decreases, as expectedE'R ESS systems. B is benign pigmented lesion, M is melanoma, and
for shorter wavelengths, or exhibits only a slight rise. For ( is normal skin. The error bars represent typical range of de‘V|at|0n

. . o min to max) from the mean value of ESS traces in the regions of
melanomas, the scattering appears to increase sufficiently aferest (400 to 650 nm and 920 to 1200 nm) for malignant (bold line)
shorter wavelengths to overtake the effect of increasing ab- and benign (thin line) lesions.
sorption.

A strong source of scattering in melanocytic lesions is the

melanosomes. In the opossum melanomas, the melanosomefindings of Wolbarsht, Walsh, and George, in which they
are generally ova(~0.5x0.3um), solitary, and not clus-  showed that, in addition to absorption properties, the melanin
tered in compound melanosonm@sTheir size range overlaps  granules act as strong Rayleigh scattering cefftétiie to
that found for melanosomes in humahs? The scatterers’  their large refractive index This hypothesis is further sup-
size is comparable to the wavelengths in the UV-visible re- ported by the fact that we were able to observe a slight ab-
gion (330 to 900 and a few times smaller than the wave- sorption feature of the hemoglobin Soret-baret16 nn) in
lengths in the NIR(900 to 1700 nm Given that the probe  the melanoma lesions, which was not overwhelmed by the
geometry used in ESS is sensitive to both scattering and ab-weaker-than-expected absorption by melanin.
sorption, this suggests that the change in scattering properties The normal skin spectrum shows obvious features due to
of the melanosomes and/or melartand/or other subcellular  hemoglobin absorption bands-416, 540, and 580 njmlt is
changes has a stronger effect on the shape of the spectrum noted that the normal skin of this animal model contains little
(for the shorter wavelengththan the chromophore contentin  melanin, which is evident from the spectra. In humans, how-
pigmented melanomas. This is consistent with the interpreta- ever, there can be significant levels of melanin in normal skin,
tion that melanosomes and melanin granules in malignant le-and in such cases typical ESS spectra, with the same geom-
sions act more strongly as Mie and Rayleigh scatterers than isetry, always exhibit strong absorption due to melanin at the
the case in benign pigmented lesions. It also agrees with theshorter wavelengths, with less evidence of enhanced scatter-
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distinguish malignant melanomas from benign lesions for UV-
visible ESS. The normal skin was not considered in the analy-
sis because the clinically interesting problem is to distinguish

@
0.09

008 between benign and malignant lesions.
0.07 The graph of Fig. &) shows the mean values of this pa-
0.06 rameter for the different pathology classifications. The error

bars represent the full range of deviation from the mean value.
The UV-visible ESS provided good correlation for 11/13 le-
sions. Two “misclassified” lesions grouped spectrally with
0.03 malignant melanomas. However, it is important to underline
o here that one of them was classified undecided by the histo-
. pathological assessment. The other one was classified benign.
As shown in the close view of Fig.(d), the NIR-ESS

scatter spectra represent pigmented benign lesions, melano-

0.05

0.04

0.01

Area difference = Trapezoid - spectral curve
(400 - 650 nm)

Benign Unidecided Malignant mas, and normal skin. The spectra were normalized to the
®) total area under the entire curve. The spectra are the averages
150 of each of the three types of examined tissues. The common
feature among the three tissue types is the broad absorption
E 160 — : band due to water at around 1450 nm. The full width at half
g 1w maximum(FWHM) of the melanoma scatter spectrum in the
i range of 920 to 1400 nm is significantly larger than that of
8 1 | benign lesions. Moreover, a small feature around 1150 nm
§ 100 |—— also distinguishes the melanoma spectra from those of benign
] - i nevi. For the analysis, the NIR-ESS spectra were renormal-
£ ! ized to unity at the wavelength 1340 nm, chosen because
g 0 there is minimal water absorption at this wavelength. The area
E g E— under the curve covering the range of 920 to 1200 nm in the
E " normalized spectra was chosen as the distinction criterion.
Again, the normal skin was not included in this analysis. The
0 4 spectrum for normal skin shows a small absorption feature
Benign Undecided Malignant due to water, around 1200 nm, which does not appear either in
benign lesions or melanomas. This is consistent with deeper
Fig. 5 Values of the diagnostic criteria for the differentdi.agr?osis. Each sampled depth in normal skin due to lower scattering without
data bar represents the mean .value of the selected criterion for all melanin
spectra of the corresponding histopathology. The error bars represent L
the range of deviation (min to max) from the mean value. In graph (a) In Fig. 5(b) the dgta pars represent the mean Vall’!e of the
the data bars correlate the UV-visible ESS diagnostic criterion (area 920 to 1200 area criterion for each corresponding diagnosis.
difference between the spectra and the trapezoid formed at the The error bars represent the full range of deviation from the
boundaries of the range of 400 to 650 nm) to the histopathological mean value for each corresponding histopathology. As in Fig.
findings. In graph (b) the data bars correlate the NIR ESS diagnostic 5(a), the area criterion is correlated to the histopathological

criterion (area under the curve for the range of 920 to 1200 nm in the

normalized spectra) to the histopathological findings. findings. Using the are¢920 to 1200 nm distinction crite-

rion, NIR-ESS showed good correlation for 12/13 lesions.
The “misclassified” lesion grouped with the benign lesions
spectrally; however, it was classified undecided by the histo-
ing effects. We note that our data are at odds with the mela- pathological assignment.
noma spectra reported by Wallace et al., which showed high  Table 1 summarizes the findings of the standard histo-
melanin absorption in the UV-visible bafi#tiThis is likely a pathological procedure in comparison with the results ob-
consequence of the use of a different probe geomé@ry tained by both ESS systems. Analysis of these data shows that
bundle of 30 source-detector fibers with a range of separationsboth UV-visible and NIR elastic scattering spectroscopy pro-
and cross talk effectswhich would be less sensitive to scat- vide spectral criteria that correlate with the histopathological
tering changes. Their benign-lesion spectra were relatively findings. The UV-visible ESS correctly classified 85% of the
featureless except for the attenuation at shorter wavelengthsexamined lesions, whereas the NIR-ESS correctly classified
which is consistent with the known absorption by melanin, 92%. Both UV-visible and NIR methods are sensitive to cel-
and with a smaller effect from scattering. lular morphology. As previously stated, our initial intent in
In a global analysis, Fig.(4) shows strong spectral trends, testing NIR-ESS was to be more sensitive to changes in scat-
which result in clear groupings, and is suggestive of possible tering, in a spectral region where the absorption coefficient of
future diagnostic algorithms to be tested in humans. Based onmelanin would be minimized. It is expected that spectra of
the spectral shapes for the different lesions, we found that thethicker lesions would be more distinguishable in the NIR
range of 400 to 650 nm provided one of the most significant range than in the UV-visible range. However, we believe that
differences between benign lesions and melanomas. The aredhe differences in lesion thicknegdepth have only a modest
difference between the trapezoid formed at the boundaries ofeffect on the ESS spectral data for melanocytic lesions, be-
this range and the corresponding spectral curve was used tacause so much of the sign@d@ibr this optical geometrycomes
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Table 1 Comparison between the histopathological findings and ESS References
results.
1. R. M. MacKie, D. Hole, J. A. Hunter, R. Rankin, A. Evans, K.
) B McLaren, M. Fallowfield, A. Hutcheon and A. Morris, “Cutaneous
Histopathology ~ UV-visible NIR-ESS malignant melanoma in Scotland: incidence, survival, and mortality,
Animal  Lesion findings ESS findings findings 1979-94. The Scottish Melanoma Grouft. Med. J.315 1117—
1121(1997).
. . . 2. G. G. Giles, B. K. Armstrong, R. C. Burton, M. P. Staples, and V. J.
! ! Benign Benign Benign Thursfield, “Has mortality from melanoma stopped rising in Austra-
2 Benign Benign Benign Illfi’.;lA_nlalI)Z/sE‘zslg(g(;rends between 1931 and 199By’ Med. J.312
. : . 3. J. k. Aitken, J. M. Elwood, J. B. Lowe, D. W. Firman, K. P. Balanda,
3 Benign Benign Benign and I. T. Ring, “A randomised trial of population screening for mela-
- - - noma,” J. Med. Screer9, 33—-37(2002.
4 Normal skin Normal skin  Normal skin 4. S. L. Edwards and K. Blessing, “Problematic pigmented lesions: ap-
. . proach to diagnosis,J. Clin. Pathol.53(6), 409—-418(2000.
2 > Benign Melanoma Benign 5. S. C. Chen, D. M. Bravata, E. Weil, and I. Olkin, “A comparison of
. - : dermatologists’ and primary care physicians’ accuracy in diagnosing
6 Benign Benign Benign melanoma,”Arch. Dermatol.137, 1627—-16342001).
. . . 6. M. Elbaum, A. W. Kopf, H. S. Rabinovitz, R. G. B. Langley, H.
/ Benign Benign Benign Kamino, M. C. Mihm, A. J. Sober, G. L. Peck, A. Bogdan, D.
3 8 Melanoma Melanoma Melanoma Gutkowicz-Krusin, M. Greenebaum, S. Keem, M. Oliviero, and S.
Wang, “Automatic differentiation of melanoma from melanocytic
nevi with multispectral digital dermoscopy: A feasibility study]”
9 Melanoma Melanoma Melanoma Am. Acad. Dermatol4(2), 207—218(2001).
7. A.Bono, S. Tomatis, C. Bartoli, G. Tragni, G. Radaelli, A. Maurichi,
10 Melanoma Melanoma Melanoma and R. Marchesini, “The ABCD system of melanoma detection: a
. - spectrophotometric analysis of the asymmetry, border, colour, and
4 11 Undecided Melanoma Benign d?mensipc))n " Cancer 85 7%’_77(1999. Y Y
12 Melanoma Melanoma Melanoma 8. A. Bono, S. Tomatis, C. Bartoli, N. Cascinelli, C. Clemente, C. Cu-
peta, and R. Marchesini, “The invisible colours of melanoma. A
13 Melanoma Melanoma Melanoma Telespectrophotometric diagnostic approach on pigmented skin le-

from scatterers at shallow deptt{sc400 wm). Both UV-

visible and NIR ranges are sensitive to the melanosomes,10.

which are the strongest subcellular scatterers in pigmented
lesions.

Studies on human subjects, with a larger statistical set, 11

have been initiated by our clinical collaborators at University
College London Hospital to establish statistical validity of the
ESS technique for diagnosis of pigmented skin lesions. Pre-
liminary results using UV-visible ESS indicates spectral
trends in human melanomas similar to those found in opos-
sum melanomas’

14.

4 Conclusions

ESS is a sensitive technique for detecting changes in subcellar
morphology that accompany the transformation of normal
cells to cancerous cells. The results of the experiment on
opossums show that both UV-visible and NIR-ESS have the

potential to classify pigmented skin lesions with encouraging 16.

spectral trends that correlate with standard histopathological
examination. NIR-ESS correctly classified one more lesion
than did UV-ESS in correlation with histopathology, but both

wavelength regions appear equally promising. Although en-

couraging, ultimate utility cannot yet be determined from 18.

such a small dataset, and larger studies are planned to statis-
tically substantiate the efficacy of ESS for diagnosis of pig-
mented skin lesions in humans.
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