
Melanoma Diagnosis

• Among most clinically challenging cancer types to diagnose
• From 1990 to 2006, US cancer deaths decreased by 17%; 

melanoma death rates increased by 7%
• Early detection is critical for survival - metastatic melanoma: 16%; 

local cancers: 98% (after five years)
• Diagnosis by biopsy and histopathology results in discordant conclusions 

(14% rate among pathologists) 
• Erring on the side of caution increases the rate of false positives

New Imaging Modalities 
for Melanoma Detection and Classification

• Melanomas are amenable to optical diagnosis - lesions are accessible and 
disease occurs close to skin surface

• Melanin carries information on metabolism and location of melanocytes
• Eumelanin and pheomelanin content may act as markers for disease

Two-Color Pump-Probe Spectroscopy Imaging System [1]

Pump-Probe Imaging Distinguishes Eumelanin and Pheomelanin

Melanoma Classification by Melanin Concentration

• Concentration of melanin 
characteristic for different classes

• Minimum eumelanin content of 38% 
separates most melanomas from 
75% of nevi samples [2]

• Single metric cannot distinguish 
between nevi or capture structural 
image information  

Hidden Markov Tree Models [3]

Parameters for each tree:
• Probability of small and large states for each scale:

 
• Variances of Gaussians for small and large states 

for each scale: 

Hidden Markov Tree-Based Image Features

Three detection/classification feature types:
•F1: One HMT for sample image depicting only total melanin concentration 
(no discrimination of eumelanin and pheomelanin) 

•F2: Two HMTs on eumelanin and pheomelanin concentration images 
(no discrimination of chemically homogeneous and heterogeneous regions) 

•F3: Two HMTs on % eumelanin and pheomelanin concentration images

Collect probabilities of small state        for each orientation and scale
              -pixel skin sample images produce vectors of size 27(F1)/54(F2/F3) 
    -Support Vector Machines for Neyman-Pearson-Style classification [3]
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Detection 
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Melanoma vs. Nevi

Melanoma vs. 
Nevi and Sebhorreic Keratoses

Invasive Melanoma vs. Nevi

In Situ Melanoma vs. Nevi
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Melanoma vs. Dysplastic

73% 72% 74%

61% 62% 60%

57% 54% 57%

72% 73% 72%

59% 60% 58%

56% 52% 60%
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Melanoma Skin Sample Imaging
• Diagnosis currently relies on biopsy and histopathology, with many false positives

• Melanin content carries information about metabolism and location of melanocytes

• New two-color pump-probe imaging distinguishes eumelanin and pheomelanin

Melanoma Detection & Classification 
• Selection of small state likelihood among scales as feature vector

• Features quantify presence/absence of image structure at multiple scales

• Features distinguish between concentrated and disseminated content

The Structure of Skin Sample Images
• Different stages of melanoma exhibit different types of spatial image structure

• Hidden Markov trees (HMT) provide statistical model for image wavelet coefficients

• HMT parameters provide features capturing image structure, suitable for classification

100 µm

Fig. 1. Example pump-probe images for different classes of skin samples. Orange denotes eumelanin, green denotes pheomelanin, and blue
denotes surgical ink. From left: benign nevus, compound nevus, dysplastic nevus, melanoma in-situ, and invasive melanoma.

Compound nevi exhibit small matured melanocytes that in-
volve the epidermis as well as the dermis. The intra-epidermal
component of these lesions is organized as single cells and
nests without confluent growth pattern or presence of upper
migration of melanocytes. Dysplastic nevi feature junctional
nests of melanocytes that appear as a clustering of pigmented
cells at the basal layer. Pigmented keratinocytes are often
seen in the upper epidermis, but there is no pagetoid spread.
Melanoma in-situ samples correspond to very early forms of
melanoma, where the melanocytes have proliferated only ra-
dially within the base of the epidermis. In contrast, invasive
melanoma features both radial and vertical proliferation of
melanocytes. Such samples also tend to have large structure
across the image, including pigmentation in the dermis.

In terms of chemical features, a large quantity of pheome-
lanin is often found in melanocytic benign and compound
nevi, with a shift to eumelanin dominance in melanoma.
Because eumelanin is photoprotective and has antioxidant
properties, whereas pheomelanin can act as a photosensitizer,
it has been postulated that elevated amounts of pheomelanin
would lead to increased damage from ultraviolet radiation
and an increased risk of malignant transformation. Dysplas-
tic nevi display atypical growth and seem to have increased
pheomelanin content compared to normal skin and other
melanocytic nevi [6]. However, the chemical identity of
melanin in melanomas is less clear, and some evidence exists
to show that eumelanin may in fact occur in increased con-
centration [7]. This indicates a more heterogeneous chemical
signature being characteristic of melanomas in contrast to
other types of lesions. The generalizations we make are
drawn from only one new study (our STM paper) and in lim-
ited sample set, and that the literature does not paint a clear
or definitive picture either.

Bulk analysis of the eumelanin content alone allows for
the rejection of many false positive diagnoses. We calculate a
weighted average of eumelanin content across the entire im-
age by normalizing by total melanin content in a pixel-wase
fashion. Regions containing surgical ink were not consid-
ered. As shown in Fig. 2, if only raw melanin content is con-
sidered, a threshold of 38% eumelanin captured all invasive
melanomas and most of the melanomas in situ while exclud-
ing > 75% of the dysplastic nevi. Although the eumelanin to
pheomelanin ratio is not sufficient to diagnose melanoma, it
may greatly improve diagnostic accuracy in conjunction with

Fig. 2. Distribution of normalized average eumelanin content of
skin samples grouped by class. Overlaid on the box and whisker
plot are the actual data points for the different samples. The dashed
line shows the 38% average eumelanin threshold used to separate
melanomas from nevi.
complementary diagnostic techniques.
Hidden Markov trees: A widely used sparse representation
in signal and image processing is the wavelet transform. The
wavelet transform of an image provides a multiscale time-
frequency analysis of the image content, effectively encod-
ing the locations and scales of the image features in a com-
pact fashion. This energy compaction property is the main
reason behind the popularity of wavelet transforms for im-
age processing and compression, including the state-of-the-
art JPEG2000 standard.

In a typical 2D real-valued wavelet transform of an
p
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N -pixel image x 2 RN , each wavelet coefficient wo,s,i,j is
labeled by a scale s 2 {1, . . . , S := log2(N)/2}, orientation
o 2 {H,V,D} for horizontal, vertical, and diagonal, respec-
tively, and offset (i, j), 1  i, j  2

s�1. Additionally, a
scaling coefficient w0 captures the remaining energy of the
signal. The image x can then be written as

x = w0'+
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wo,s,i,j o,s,i,j ,

where ' denotes the scaling function and  o,s,i,j denotes
the mother wavelet function  o for orientation o dilated to
scale s and translated to offset (i, j). For convenience, we
also index the wavelet coefficients and wavelet functions as
{w0, w1, . . . , wN�1} and {', 1, . . . , N�1} using an arbi-
trary ordering, e.g., lexicographic.
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