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Abstract— Early detection and proper excision of the primary
lesions of melanoma are crucial for reducing melanoma-related
deaths. In order to support the early detection of melanoma,
melanoma screening systems have been extensively studied and
developed. Recently we have proposed a melanoma
discrimination index derived from hyperspectral data (HSD) in
the visible-near infrared wavelength region. The index
represents variegation in spectra over a lesion and works well in
discriminating melanoma from other pigmented lesions.
However the previous hyperspectral imager did not have an
enough allowance for measurement of lesions. To overcome the
problem with it, we have developed a hyperspectral imager
attached to imaging fiberscope. This equipment has been able to
accumulate HSD in a view field of ¢40 mm within about 10
seconds, from which the above-mentioned melanoma
discrimination index has been calculated. Performance of the
system has been studied in nine cases of melanoma and 18 cases
of non-melanoma, obtained from patients and volunteers, all of
whom were Japanese. The index has achieved a sensitivity of
100 % and a specificity of 94.4 %.

1. INTRODUCTION

In Japan, the number of death from melanoma is increased
to 1.7 times [1], the number of patient is increased to 5.0 times
[2, 3] from 1975 to 2005. Prognosis of melanoma strongly
depends on its early stage detection and subsequent excision.
However, the diagnosis accuracy of melanoma by naked eyes
has been reported to be about 56% even by a specialist in
dermatology [4]. The ABCD rule has considerably improved
the early detection of melanoma [5]. Dermoscopy has opened
a door to diagnose pigmented skin lesions (PSLs) from the
view point of morphology [6-11]. It is well known that
dermoscopy improves accuracy in diagnosing PSLs [12, 13].
Nevertheless, diagnosis based on the ABCD rule with
dermoscopy is still subjective and associated with low
reproducibility.

In order to overcome the subjectivity of dermoscopy, a
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great number of researchers have challenged to develop
computer-aided-automatic melanoma screening systems
[14-18]. They use color dermoscopy images or multispectral
images. Parameters used in differentiating melanoma from
other PSLs, are derived from those digital images using
various image processing techniques. However, these
parameters are of quite different type from those
microscopically evaluated by pathologists to determine the
presence of malignancy [15].

Essence of melanoma is reflected in its morphology.
Difference in morphology of PSLs is predominantly
determined by difference in spatial distribution and
concentration of melanin and hemoglobin molecular. These
information is carried in cutaneous reflectance spectra.
Focusing on this fact, we have previously reported a
hyperspectral imager (HSI) as a spectroscopic melanoma
screening system based on hyperspectral imaging technique
[19, 20] and proposed a melanoma discrimination index
derived from hyperspectral data (HSD) [21]. The index
represents variegation in spectra stored in one set of HSD.
That is, the higher the malignance is, the larger the index is.
The index has been highly successful in discriminating
melanoma from non-melanoma on non-globular skin of
Japanese though the statistical population is small.

The problem with previous HSI was its size and,
consequently, to force subjects to pose in unnatural position
depending on PSLs’ locations. Using fiber optics is one of
promising candidates to overcome the problem [22,23]. Then,
it is important to use imaging fiberscope in order to acquire
HSD. In this article we report a melanoma screening system
consisting of HSI and imaging fiberscope. The system uses the
same melanoma discrimination index as previously proposed.
Performance of the system is also reported. Although a
statistical population is still small, it is revealed that the index
is useful in differentiating melanoma from other PSLs.

II. METHODS AND PATIENTS

A. Methods

A HST attached to imaging fiberscope was developed. For
details in mechanisms of HSI, see reference 21. Its core part
consisted of an imaging spectrograph (ImSpector VS8E,
Specim, Oulu, Finland) and electron multiplying
charge-coupled device (LucaS, Andor Technology, Belfast,
Northern Ireland). Figure 1 shows a photograph of the system
(a) and a schematic optical diagram (b). An imaging
fiberscope used herein was GIF-P30 (Olympus, Japan). Its
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focal distance was 15 mm and its view field was ¢ 40 mm. A
cylinder-shaped cover was attached to the tip of the fiberscope
to keep the focal distance, to reject stray light and to prevent
an excess pressure impeding the blood circulation [24], see
Figure 1 (¢).

The melanoma discrimination index was derived from HSD,
for detail, see reference 21. A brief explanation is as follows.
An averaged spectrum obtained from the upper arm of a
typical healthy Japanese volunteer (case No. 24) was defined
as a reference spectrum. Each spectrum stored in a HSD was
compared with the reference spectrum using a spectral angle
[25]. Normalized frequency distribution of spectral angle
represents variegation in the spectra, which is nothing but
irregularity, disorder and variation in morphology. The
normalized frequency distribution of spectral angle was
numerically evaluated using the entropy concept to obtain the
discrimination index.

Figure 1. A hyperspectral imager for pigmented skin lesions. A photograph
(a) and schematic optical diagram (b) and Skin-Fiber Interface (c). See the
text for details. LS, light source with 150 W halogen lamp; IF, imaging
fiverscope; C, skin-fiber interface; IS, imaging spectrograph; ES, entrance
slit; EMCCD, electron multiplication CCD camera.

B. Patients

This study was approved by the Institutional Review Board
of Shizuoka Cancer Center (SCC). Written informed consent
was obtained before measurements were made. Twenty-seven
patients who had consulted the SCC were registered for this
research from July 2008 to April 2011. Features of these PSLs
are summarized in TABLE I. There was no significant
difference in age, sex and size of lesion between melanoma
and non-melanoma groups.To evaluate the performance of
our system reliably, cases who had inflammation and exudates
were excluded. Pigmented lesions of the nail were excluded.
All subjects were Japanese.

Nine PSLs were clinically suspected to be malignant and
histopathological evaluation of biopsy specimens confirmed
the diagnosis of melanoma. These PSLs were 2 acral
lentiginous melanoma (ALM), 4 lentigo maligna melanoma
(LMM), 2 superficial spreading melanoma (SSM) and 1
nodular melanoma (NM). The remaining 18 PSLs were 1
basal cell carcinoma (BCC), 12 seborrheic keratosis (SK) and

5 nevus.

C. Statistical evaluation

Statistically significant differences between the melanoma
and non-melanoma groups were analyzed using the
Mann-Whitney U-test. A p-value less than 0.05 was
considered statistically significant. Because the number of
samples was small, the jackknife method was used to
minimize bias, instead of cross-validation. In this approach,
one sample is excluded from all samples and discriminant
analysis is performed, and the excluded sample is
discriminated with the use of the discriminant coefficient so
obtained. The same procedure was executed for all samples,
and sensitivity and the specificity were calculated from the
results of the discriminant analysis. Receiver operating
characteristic (ROC) analysis on reference 26 was also
performed for purposes of future study.

TABLE L LESIONS ANALYZED IN THE PRESENT STUDY.

Case No. Sex/Age Diagnosis Size of Lesion, mm Site of Lesion Index
1 M/7I1 ALM 37x24 extremities 4.84
2 M/B0 ALM =50 extremities 497
3 F/80 LMM 12x8 head and neck 5.01
4 F70 LMM >20 head and neck 4.71
5 F/83 LMM 40 x 30 head and neck 4.64
6 M/52 LMM 30x25 trunk 5.11
7 M/62 SSM 14x12 trunk 5.68
8 M/47 SSM 17x 11 extremities 472
9 F/44 NM 9x7 extremities 4.63
10 M/56 BCC 20 x 20 head and neck 441
11 M/65 SK 8§x7 head and neck 4.09
12 M/58 SK 10x9 head and neck 4.15
13 M/55 SK 14x 14 head and neck 3.94
14 M/M47 SK 30x 30 head and neck 4.12
15 F/72 SK 13x8 trunk 3.25
16 M/70 SK 12x 8 trunk 4.52
17 M/58 SK 11x9 trunk 4.19
18  F/83 SK 14x11 trunk 4.06
19 M/74 SK 27x20 extremities 3.80
20  F/65 SK 8x8 extremities 4.38
21 F/86 SK 16 x 12 extremities 4.84
22 M/64 SK 10x9 extremities 4.38
23 M/33 Nevus 3x3 extremities 3.96
24 M/31 Nevus 13x 10 extremities 3.74
25 FA35 Nevus 13x5 extremities 3.56
26 M/52 Nevus 3x3 extremities 3.56
27 M/23 Nevus 5x5 extremities 3.60

ALM: Acral Lentiginous Melanoma NM: Nodular Melanoma
LMM: Lentigo Maligna Melanoma SK: Seborrheic Keratosis
SSM: Superficial Spreading Melanoma  Nevus: Nevus Cell Nevus

III. ResuLts

Two-dimensional spectral angle-color maps are shown in
Figure 2 for typical cases of (a) a SSM (case No.7), (b) a SK
(case No. 15) and (c) a melanocytic nevus (case No. 23). The
corresponding indices have been calculated to be 4.72, 4.09
and 3.74, respectively. Figure 3 reveals that the spectral
angles are more widely distributed for melanoma (case No. 7)
than for non-melanoma (case No. 23). The index is thus larger
for melanoma than for non-melanoma. It should be noted that
variegation in spectra doubles when the index increases by
unity. This is because a binary logarithmic function is
included in the calculation of the index.

Box-and-whisker plots of indices for the two groups are
shown in Figure 4 (a). The Mann-Whitney U-test revealed that
the difference in the two groups is statistically significant.
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Figure 4 (b) shows the ROC curve. The area under the curve,
AUC, was 0.97, revealing that the index is useful for
distinguishing melanoma from non-melanoma. As a result of
the discriminant analysis, the optimum threshold value was
determined to be 4.56. A sensitivity of 100% and a specificity
of 94.4% were obtained by applying this threshold value to the
present data set.

Figure 2. False-color, two-dimensional angle map (a), (b), (c) and the
corresponding false color images (d), (e), (f) for a peripheral part of sperficial
spreading melanoma of case No. 7, a peripheral part of seborrheic keratosis

of case No. 15 and a melanocytic nevus of case No. 23. In the seborrheic
keratosis and a melanocytic nevus, the boundary of the lesion is
characterized by a melanin-dominant region, and can be clearly
distinguished from normal skin, which is a hemoglobin-dominant region. In
contrast, the invasive nature of the melanoma is reflected by nesting of the
melanin-dominant region within the hemoglobin-dominant region.
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Figure 3. Normalized frequency distribution of spectral angle for
melanoma of case No. 7 (black curve) and non-melanoma of case No. 23
(gray curve). The overall features of the probability curve for the
non-melanoma are obviously different from those for the melanoma.
Differences in such overall features of the curve produce the difference in the
index.
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Figure 4. Box and whisker plots of indices for the melanoma (left hand
side) and non-melanoma group (right hand side) (a) and ROC curve (b).
AUC reaches to 0.97. These results show that the index is useful in
discriminating melanoma from non-melanoma.

IV. DISCUSSION

It is well known that dermoscopy has introduced a new
morphologic dimension in the diagnosis of melanoma. The
ABCD rule of dermoscopy [27] summarizes guidelines for
diagnosis based on expression of malignancy or the invasive
nature of a melanoma at the morphologic level. The
morphology of PSLs is dominantly determined by spatial
change in the concentration of melanin and hemoglobin
molecular. The index used here in, which is derived from HSD,
reflects information on it. Results show that the index is useful
in discriminating melanoma from non-melanoma. Although
the present HSI system is different from the previous system
[21], the both systems have almost the same performance of
melanoma discrimination. This suggests that HSD correctly
carry information at a molecular pigmentary level behind the
morphology of PSLs independent of HSI types.

To the best of a knowledge, Wallence et.al. [23] used
cutaneous spectra in differentiating melanoma from
non-melanoma. They also used a fiber to measure a spectrum.
Their system measured a spectrum averaged over the view
area of fiber every measurement and it was used in analysis.
They measured nine to fourteen spectra a patient, i.e., three
spectra from the inside of the upper arm, three spectra from
the skin surrounding a PSL of suspicious and three to five
spectra from the random positions on the PSL. Such a system
is hard to say a system suitable for clinical application. The
present HSI measures about 27,000 spectra within about 10
seconds. Note that the number of spectra corresponds to that
of pixels included in the view area of imaging fiberscope.
Thus, more than one measurement is not always needed. Note
that the present system has almost the same performance as
the system reported by Wallence et.al. Furthermore, we would
like to emphasize that the present index has a clear physical
meaning.

One SK (No.21) was judged as a melanoma in the present
study. Figure 5 (a) and (b) shows its two-dimensional spectral
angle color map and false color image, respectively. The
spectral angle distribution, i.e., the probability of finding a
given spectral angle, for the case No. 21 is shown in Figure 5
(c). The index was calculated with 4.84. The index larger than
the threshold value is attributed to the broader spectral angle
distribution, see Figure 5 (c). The large spectral angles came
from spectra in peripheral regions of the lesion, colored by red
in Figure 5(a). These regions rose up and their color suggested
that larger amount of melanin was included in comparison
with their neighboring regions. Indeed, the intensity of light
detected from the regions was too low to obtain reasonable
spectra because of much more scattering and absorption, see
Figure 5(d) where the dark current level was about 500 counts.
A solution to this problem is still under investigation.

The present system is indeed suitable for clinical
application. Furthermore, it has also a considerably high level
of performance. Although direct comparison of the present
with previous systems is difficult, we would like to comment
the following. A critical difference between the present and
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previous systems is the field of view, which is mainly
determined by the magnifying power of objective lens. The
higher the magnifying power is, the lower the amount of light
detected by a pixel of CCD becomes. In dealing with spectra
reflected from PSLs, there may be an optimum magnifying
power of objective lens. This is a future problem to us.

©CD Count €01

Figure 5. (a) False-color, two-dimensional angle maps for a peripheral part
of seborrheic keratosis of case No. 21. (b) The corresponding false color
images. (c) Normalized frequency distribution of spectral angle (d)Average
CCD count in the red frame of (b). This case is misjudged by the present
system. A possible reason why this case is misjudged is.that resonable
spectra are not obtained from the periferal regions (red area shown in (a))
because of stronger scattering and absorption.

V. CONCLUSION

We have developed a HSI attached to imaging fiberscope
suitable for clinical application. The melanoma discrimination
index has been derived from HSD and it achieved the
sensitivity of 100% and the specificity of 94.4% even though
the statistical population is still small. It is suggested that the
index, which represents variegation at pigmentary molecular
level of PSLs through HSD, may get at the essence of
melanoma. We are now planning to develop a new device to
overcome problems found in studies so far and make a large
scale examination in more than one facility.
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