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Melanoma Diagnosis

Melanoma Skin Sample Imaging

e Diagnosis currently relies on biopsy and histopathology, with many false positives

e Among most clinically challenging cancer types to diagnose

e From 1990 to 2006, US cancer deaths decreased by 17%;
melanoma death rates increased by 7%

e Early detection is critical for survival - metastatic melanoma: 16%;

local cancers: 98% (after five years)

e Diagnosis by biopsy and histopathology results in discordant conclusions
(14% rate among pathologists)

e Erring on the side of caution increases the rate of false positives

New Imaging Modalities
for Melanoma Detection and Classification

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

e Melanin carries information on metabolism and location of melanocytes

e Eumelanin and pheomelanin content may act as markers for disease

Two-Color Pump-Probe Spectroscopy Imaging System [1]
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Pump-Probe Imaging Distinguishes Eumelanin and Pheomelanin
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The Structure of Skin Sample Images

e Different stages of melanoma exhibit different types of spatial image structure
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Melanoma Classification by Melanin Concentration

Benign Nevi
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e Concentration of melanin

characteristic for different classes

e Minimum eumelanin content of 38%
separates most melanomas from

75% of nevi samples [2]

e Single metric cannot distinguish

between nevi or capture structural

image information
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Hidden Markov Tree Models [3]

R State: To obtain persistence,

favor progressions

Value: To obtain decay,

reduce variances
across scales
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Parameters for each tree:

e Probability of small and large states for each scale:

py, =p(S,=S) p.=p

e Variances of Gaussians for small and large states

for each scale: os ,,, 0L
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f Melanoma Detection & Classification

e Selection of small state likelihood among scales as feature vector
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Hidden Markov Tree-Based Image Features

Three detection/classification feature types:

e F1: One HMT for sample image depicting only total melanin concentration
(no discrimination of eumelanin and pheomelanin)

e F2: Two HMTs on eumelanin and pheomelanin concentration images

(no

discrimination of chemically homogeneous and heterogeneous regions)

e F3: Two HMTs on % eumelanin and pheomelanin concentration images
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Collect probabilities of small state p%’n for each orientation and scale

512 x 512-pixel skin sample images produce vectors of size 27(F1)/54(F2/F3)

2v -Support Vector Machines for Neyman-Pearson-Style classification [3]

Test Success Detection | False Alarm

Rate Rate Rate
Melanoma vs. Nevi 73% 72% 74%
Melanoma vs. 619 629 60%
Nevi and Sebhorreic Keratoses 0 0 0
Invasive Melanoma vs. Nevi 57% 549 57%
In Situ Melanoma vs. Nevi 72% 73% 72%
Melanoma vs. Benign 59% 60% 58%
Melanoma vs. Dysplastic 56% 52% 60%
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