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Abstract

Melanoma, the most serious form of skin cancer, is increasing in incidence in coun-
tries with predominantly white skinned populations. Automated tools have been
proposed to help detect this most visible of cancers. Current automated systems for
detecting melanoma analyse images of skin lesions for relevant image features, and
classify the images based on those features. There are two types of image available
to be used in such systems, Clinical-view or Epiluminescent microscopy (ELM) im-
ages. ELM images reportedly allow more accurate assessment of skin lesions in the
clinical setting, but this finding has not been proven in the context of an automated

system.

This research has evaluated the question of Clinical-view versus ELM images in
an automated screening system. Two methods of implementing a screening system
were considered in this research. Firstly, the ‘diagnosis system’, which is based
on previous work in this field, and secondly, a ‘dermatologist assessment system’,
which is an original method of implementing an automated screening system. The

Clinical-view versus ELM question was considered for both of these systems.

Specifically, two automated systems were developed. The first analysed Clinical-
view images, while the second processed ELM images. From the analysis, each
system attempted to classify lesion images into two groups. For the diagnosis prob-
lem, the lesion was either ‘melanoma’ or ‘benign’. For the ‘dermatologist assessment’
problem, the groups were ‘excised’ or ‘not excised’. The results raise doubts over
the current emphasis on ELM images in the automated diagnosis case. Similarly, it
appears that Clinical-view images are of more use for reproducing ‘dermatologists
assessment’. We have also shown that the ‘dermatologist assessment’ approach to
screening skin lesions is a viable and potentially useful alternative to the current

emphasis on the diagnosis approach.
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Glossary

Atypical naevus A naevus showing some form of clinical atypia. Also referred to

as dysplastic naevus. See also Dysplastic Naevus.

Basal layer A layer of cells between the epidermis and the dermis. This layer is
3-5 cells thick and is the deepest sublayer of the epidermis. Cell mitosis, or

cell reproduction, occurs mostly here.

Benign The opposite of malignant. A benign lesion has no possibility of causing
death (at that point in time). See also Malignant.

Carcinoma A malignant tumour. In the context of skin cancer, two types of car-

cinoma exist, basal cell and squamous cell carcinomas.

Clinical-view The view (of a lesion) that the clinician sees. This term means
what may be viewed without external apparatus. See also Epiluminescent

Microscopy.
DPI Abbreviation for Dots Per Inch. See Dots per Inch

Dependent variable A dependent variable is explained or affected by an indepen-

dent variable. See also Independent variable.

Dermatologist A medical practitioner specialising in skin disease. The dermatol-
ogist is normally the medical practitioner who excises suspicious skin lesions.
The tissue is then sent to the pathologist for histopathological examination

and diagnosis. See also Pathologist.

Dermis The inner layer of the skin. The dermis contains sweat glands, sensory

receptors, lymph glands, blood vessels, nerves, and hair follicles.

Diagnosis system An automated system intended to detect melanoma that anal-
yses either Clinical-view or ELM images of skin lesions. This system attempts
to reproduce the results of pathologists, and has several methodological short-

comings identified in this work. See also Screening system.
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Dots per Inch (DPI) A measurement of resolution. The higher the DPI, the

higher the resolution. See also Resolution.

Dysplastic naevus Friedman et al. (1991) states that dysplastic naevus “have
one or more of the clinical features of malignant melanoma-i.e., asymmetry,
border irregularity, colour variegation, and a diameter greater than 6mm”. In
general, these are benign moles that are ‘unusual’. Many different clinical and
histological definitions of the term ‘dysplastic naevus’ have been proposed, and

the term ‘atypical naevus’ is generally preferred.

Epidermis The outer layer of the skin. The epidermis is arranged in layers of
cells, including the basal layer, the prickle cell layer and the stratum corneum.
The major cell type in the epidermis is the keratinocyte, which is constantly
produced in the basal layer. These cells ascend towards the surface and end
up at the stratum corneum, which is a layer of dead keratinocytes. The entire
epidermis renews itself every 52-75 days. See also Dermis, Skin.

Epiluminescent Microscopy (ELM) Epiluminescent microscopy refers to the
use of a low powered microscope to examine skin lesions. The lesion is covered
in oil, and the microscope is placed directly against the lesion. This process
removes the scattering of light due to the stratum corneum, and allows light
to pass through the epidermis. Examination of the structures in the epidermis

and dermoepidermal junction is thus permitted.

False negatives Melanomas incorrectly identified as benign lesions. Some mela-
nomas are inevitably missed in the screening process. See also True negatives,
False positives, False negatives.

False positives Benign lesions incorrectly recognised as melanoma. See also True

positives, True negatives, False negatives.
Histogram See Image histogram.

Histology Microscopic study of tissue. A pathologist examining an excised lesion
through a microscope makes a histological study of the tissue, resulting in a
histopathological report. See also Pathologist, Histopathology

Histopathology Microscopic study of changes in tissue through disease. For a
malignant melanoma, the pathologist looks for changes in cell structure and

skin structure caused by the proliferation of malignant cells.

Image histogram An image histogram is a bar-graph representing colour distri-
bution in an image. The x-axis has values for each different colour in the
image. The y-axis indicates pixel counts, or how many pixels in the image are

a particular colour. Also see Segmentation, Thresholding.
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Independent variable A variable which explains or effects a dependent variable.
For example, asymmetry (independent) may effect the probability of malig-
nancy (dependent). See also Dependent variable.

In-situ ‘in place’. A melanoma in-situ is a melanoma that has not begun to grow
vertically into the skin.

Lesion(Skin) An abnormal skin feature. Moles, freckles, melanomas and carcino-

mas are all examples of skin lesions.

Logistic regression A method of regression that is used when the dependent vari-
able is dichotomous (only has two possible values).

Malignant In reference to a skin lesion. A malignant skin lesion is one that has

the ability to cause morbidity or mortality in the patient.

Mask A binary image that ‘masks’ out irrelevant data. For example, a mask image
of a skin lesion image would have ‘1’ where the lesion is, and ‘0’ where the skin

is. In this way, it is simple to restrict processing to the lesion area.

Melanin Produced by melanocytes. Melanin gives the skin its colour, and is gen-
erally thought to be a protection against ultra-violet radiation. The complete

function of melanin is not known however.

Melanocyte Cells contained on the basal layer of the skin. These cells produce
melanin. With melanoma, it is these cells that become malignant. See also,

Melanin, Melanoma.

Melanoma (malignant) The most dangerous cancer of the skin. Sometimes, ma-
lignant is placed in front of melanoma to avoid possible confusion about the

malignancy of the disease that may be imparted by the ’oma’ suffix.

Melanocytic Associated with melanocytes. For example, a melanocytic lesion is a

lesion that derives its pigment from melanocytes.

Metastasis The process whereby cancer cells break off the tumour, and are spread
through the body, via the lymphatic system. A tumour that metastasises is

certainly malignant.

Nodular melanoma A type of melanoma that does not have an appreciable radial
growth phase. See Chapter 1, section 1.3 for details.

Ordinal scale A level of measurement that allows cases to be ordered by degree

with respect to a variable.

Pathologist A medical practitioner who specialises in the examination of removed
tissue for the purpose of assessing disease type, spread etc.
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Radial growth (phase) Radial growth refers to the spreading out of a lesion over
the surface of the skin (horizontally) without the lesion becoming significantly
deeper. The radial growth phase refers to the period where the lesion un-
dergoes radial growth, before the more life threatening vertical growth phase

occurs. See also Vertical growth

Resolution The number of individual picture elements that make up the image.
The more picture elements, the more detailed the image and the larger the
image size. Resolution is generally expressed in dots per inch (DPI). See also
Dots Per Inch.

Screening The process of testing for the presence of disease. In the melanoma
case, current screening methods use expert clinicians to observe lesions. All

screening programs produce false-negative results.

Screening system A system that can be used in the process of screening lesions.
In this research, two different approaches to implementing a screening system
are looked at, firstly the ‘diagnosis’ system which has been the subject of
much research, and secondly, the ‘dermatologists assessment’ system, which

attempts to replicate the perception of dermatologists.

Segmentation The process of separating an image into two or more distinct areas.
In this project, segmentation separates an image into lesion and non-lesion
areas. See also Image Histogram, Thresholding.

Sensitivity refers to the proportion of all cases of histologically confirmed melanomas
that were clinically identified as melanoma. In the context of automated sys-
tems, the definition of sensitivity changes. For the diagnosis problem, sensitiv-
ity is the proportion of melanoma that the system classified as melanoma. For
the ‘dermatologists assessment’ problem, sensitivity refers to the proportion

of ‘excised’ lesions that the system classified as ‘excised’. See also Specificity.

Specificity refers to the proportion of all cases histologically proved to be benign
that were clinically diagnosed as benign. In the context of automated systems,
the definition of specificity changes. For the diagnosis problem, specificity is
the proportion of benign lesions that the system classified as benign. For
the ‘dermatologists assessment’ problem, specificity refers to the proportion
of ‘not-excised’ lesions that the system classified as ‘not-excised’. See also

Sensitivity.

Skin The skin is the largest organ in the body. It has numerous important func-
tions, including regulation of body temperature, protecting against injury and
infection, storing water, fat, and vitamins, and of course a sensory device.

The skin is comprised of a number of distinct layers, including the stratum
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corneum, the epidermis, the basal layer, and the dermis. See also Dermis,

Epidermis
Stratum corneum The top layer of dead, scaly skin cells.

Superficial Spreading Melanoma The most common form of malignant melanoma.
See Chapter 1, section 1.3 for details.

Surface microscopy See Epiluminescent Microscopy.

Thresholding A method of segmentation. Thresholding examines the histogram
of an image and attempts to find one or more points which identify area
boundaries in the image. In this project, only one thresholding point is found.
This point is then used to segment the image into skin (below the point) and

lesion (above the point).
True negatives Benign lesions correctly identified as benign

True positives Melanoma that are identified as melanoma. See also False posi-

tives, True negatives, False negatives.

Tumour Literally, swelling. May be ordered (benign) or disordered (malignant),
primary or secondary.

Vertical growth (phase) Vertical growth refers to the growth of the lesion both
into and out of the skin. As the lesion progresses, it starts to grow both
downward into the dermis and vertically out of the skin, so the lesion becomes
notably raised. Sometimes referred to as the nodular growth phase, hence
nodular melanoma, which only have a vertical growth phase (and not a radial
growth phase).

XX



Figure 1: Nodular melanoma with metastasis. J. L. Alibert, Nosologie Naturell
Paris 1817 (reproduced from Altmeyer et al. 1997).



Chapter 1

Introduction

Cancer is a word which may bring to mind the worst connotation of disease, that of
being incurable. It is a problem affecting the health of humans around the world,
and affects a wide range of the population. With the exception of a few obvious risk
factors for certain types of cancer (such as smoking and lung cancer), identifying
specific at-risk groups is generally difficult. Considerable research has gone into a
cure for cancer, but despite innovations such as chemo- and radio- therapies, this

goal remains.

Much of the difficulty in finding a cure stems from the nature of cancerous cells.
Cancer cells are not foreign to the body, but rather body cells that have ‘gone
wrong’. Most normal cells do not reproduce constantly (there are exceptions), and
only begin to reproduce when prompted. An example of this is wound healing,
where chemicals are released from the damaged cells, prompting neighbouring cells

to multiply. The reproducing behaviour of cells is typically very regular and orderly.

In some cases however, this order breaks down. The cell may begin reproducing
and not stop. As a cell reproduces by splitting in half, all of the sibling cells have
the same characteristics as the parent, and therefore, the sibling cells also begin
reproducing. This reproduction eventually causes a tumour (from Latin, literally, a
swelling). Some tumours are benign, while others are malignant. In general, factors
such as structure of the tumour, the rate of tumour growth, invasive growth, and

growth by metastasis, define whether or not a tumour is malignant.

Invasive growth refers to growth of the tumour outside of its normal boundaries. For
example, skin cells are only found in the skin. The skin is their boundary. Malignant
skin cells however, can begin to grow outside the skin boundary, and ‘invade’ other
areas. Similarly, growth by metastasis is only found in malignant tumours. This
term refers to the dissemination of the tumour by cells breaking off the primary
tumour and being distributed via bodily fluids to other areas of the body. Once this
stage has been reached, it is difficult to treat the cancer locally (for example, by

excision), and more global methods of treatment must be used.
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Figure 1.1: Melanomas seen with the naked eye.

This thesis describes research relevant to a particular type of cancer, called melanoma.
Melanoma is a skin cancer, that is, it is generally found on the skin. This cancer is
a particular problem in New Zealand, with more and more people dying from the
disease (Elwood & Glasgow 1993, Skegg 1994). Melanoma is simple to treat if it
is detected early. But it appears that for approximately 200 New Zealanders each
year, and thousands of other people worldwide, their cancers are not being detected

early enough.

1.1 What is Melanoma, and Why is it a Problem?

Melanoma is a cancer of the skin. It occurs when melanocytic cells, the cells that
produce the chemical that gives skin its colour, become cancerous. Melanoma is
potentially fatal if it is left untreated. However, if melanoma is treated early, there
is only a slight possibility of the cancer recurring. The other characteristic that
distinguishes melanoma from other cancers is its appearance. Generally, melanoma
is observable on the skin surface, in the form of a haphazardly growing mole (Figure
1.1).

“melanoma writes its message in the skin with its own ink and it is there
for all of us to see. Some see but do not comprehend” Dr. Neville Davis
(Quoted in Friedman et al. 1985).

Melanoma is increasing rapidly in incidence throughout countries with predomi-
nantly white-skinned populations. It kills over two hundred people in New Zealand
each year, and more than one thousand Australians (Elwood & Glasgow 1993). The
factors contributing to melanoma have not been definitively identified. However, sun
exposure and sunburn has been identified by epidemiological evidence as a main fac-

tor in the development of melanoma, although the actual relationship is unknown.
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In New Zealand, sunburn is a common occurrence. The Cancer Society of New

Zealand states:

“In popular culture, New Zealanders have tended to value the sun-tan
as a sign of health, affluence and good times. Both the tough, hardy
brown of the outdoors type and the carefully cultivated ...(look) of the
‘Baywatch’ set are images which effortlessly attract admiration in New
Zealand society as they do in other countries. The difference in New
Zealand is that geographic and environmental factors make the pursuit
of a tan highly dangerous” (Cancer Society of New Zealand Melanoma
Awareness Campaign 1988-1995).

Statistics indicate that melanoma incidence in New Zealand is increasing rapidly. In
1992-1994 incidence rose thirty percent, although it is likely that some proportion of
this is due to voluntary reporting of cancer before 1994. Melanoma is also reported
to be “by far the most common tumour in adults between 20 and 44 years of age
in New Zealand, accounting for 30% of all registered cancers in this age group’;
(Skegg 1994). A similar situation is reported in other countries, most notably,
Australia (Thursfield et al. 1995, Giles & Thursfield 1997). It is thus apparent that

the problem of melanoma is significant and getting worse.

1.2 How are Melanomas Detected?

So given that a skin lesion may be a melanoma, how can we tell? The typical route
to diagnosis is shown in Figure 1.2. The lesion-owner may have noticed something of
concern in a lesion, or have it noticed by another person. The next stop would be a
general practitioner, who would assess the lesion for malignancy. The general prac-
titioner would then refer suspicious lesions to a dermatologist (or plastic surgeon),
who would again assess the lesion for malignancy. Lesions thought to be suspicious
would then be excised, and the tissue would be examined by a pathologist, and a

diagnosis given.

At this stage, we need to define diagnosis. Diagnosis is the definite assessment of the
malignancy of the lesion, and only takes place once the pathologist has assessed the
lesion. Dermatologists and general practitioners on the other hand, make an assess-
ment as to what degree the lesion resembles a melanoma. Although dermatologists
may suspect that a lesion is a melanoma, they have no way of knowing for certain
until the results of the pathologist’s analysis are obtained. Even histopathological
analysis can be considered another ‘assessment of suspiciousness’ test, as there is no

method of definitely proving malignancy of a lesion through histopathological ex-
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Figure 1.2: The diagnosis cycle of a lesion
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amination. Indeed, Swerlick & Chen (1996) hypothesise that the rapidly increasing
incidence of melanoma may be a result of biologically benign lesions being classed

as melanoma by pathologists, rather than any increase in excised melanoma.

Ignoring this debate, which is beyond the scope of this discussion, Figure 1.2 shows
the levels of assessment commonly applied to a particular lesion. At every step, some
lesions are assessed as benign, and removed from the cycle (possibly to re-enter at
a later date). The remainder are assessed as suspicious and continue to the next
level, culminating in histopathological analysis, which provides a diagnosis for the
lesion. The point to note is that all previous steps in the cycle are ‘assessment of

suspiciousness’ steps, and diagnosis is left to the pathologist.
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Figure 1.3: Clinical-view Asymmetry

1.2.1 How are Skin Lesions Assessed?

The assessment of lesions by dermatologists is based primarily on visual assessment
of lesion attributes. The disease usually gives some visual indication of its presence
and progress, and specialists attempt to recognise these visible indicators and make

an assessment of the malignancy of the lesion. So what are the indicators?

Several sets of visual indicators have been proposed for use in recognising melanoma.
These indicators can be divided into two sets, based on the techniques required to
view them. The first set of indicators are intended for lesions viewed with the naked
eye. This viewing method is referred to as the Clinical-view. The second set of
indicators is for lesions viewed under epiluminescent microscopy (ELM), where the
oil-covered lesion is viewed through a hand lens. Indicators for each of these views

are described below.

Clinical-view

For Clinical-view assessment, perhaps the most popular set of indicators is the
ABCD checklist (proposed by Friedman et al. 1985). This checklist was developed to
highlight features of malignancy that are apparent at the Clinical-view, and as such
are ideal for use by the public. The four characteristics making up the ABCD check-
list are Asymmetry, Border Irregularity, Colour Variegation, and Diameter. Images
below (Figures 1.3-1.5) are from the bookmark produced by the Cancer Society of

New Zealand.

The first of the checks, Asymmetry, is a subjective judgement of the (lack of) sym-
metry of a lesion, based on the visible area. It is usually found by splitting the lesion
in two using an imaginary mirror line, and comparing the two halves in terms of

area (Figure 1.3). If a lesion is asymmetric, it is more likely to be malignant.
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Figure 1.4: Clinical-view Border Irregularity

Figure 1.5: Clinical-view Colour Variegation

The second of the checks, Border irregularity, is a measure of the ‘roughness’ or
‘jaggedness’ of the border of the lesion image. Benign lesions tend to have compar-
atively smooth boundaries, while melanomas tend to have more jagged or notched

boundaries (Figure 1.4).

Colour variegation refers to the number of different colours seen in the lesion, and
may include tan, browns, blacks, reds, white/grey and blue. Three or more colours
in a lesion may indicate malignancy. Benign lesions tend to have only one or two

colours (Figure 1.5).

Diameter refers to the largest diameter of the lesion. The usual guideline is around
5-6mm. Benign lesions tend to be smaller than 6mm in diameter, although this is
far from defining, as many benign lesions will be bigger than this. Melanoma, due
to the initial radial growth phase exhibited by several types, are most frequently
recognised when they are larger than 6mm in diameter. In many cases the radial
growth phase occurs before the life-threatening vertical growth phase, and thus the
lesion can be easily removed. This circle is approximately 6mm in diameter,

so in general, melanomas appear quite large.
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Figure 1.6: A melanoma seen with the naked eye (left) and under epiluminescent
microscopy (right).

The ABCD Clinical-view checklist is intended for public use, partly due to the un-
aided nature of observation. For specialists, other methods utilising visual aids for
viewing lesions exist. One of the more popular methods is referred to as epilumi-
nescent microscopy (ELM). ELM refers to the use of an incident light magnification
system to examine skin lesions. With ELM, the lesion is first covered in oil, and
a glass plate is placed against the lesion. The lesion is then viewed through a low
power microscope. This technique removes the normal light reflection of the top
layers of skin and allows detailed examination of the morphological structures in
the lesion (Figure 1.6). Consideration of these structures (coupled with suitable

training) enhances the clinical identification of most lesions.

ELM View

As with the Clinical-view of skin lesions, criteria exist for the detection of malignancy
in lesions viewed with ELM. Stolz et al. (1994) and Menzies et al. (1996) amongst
others, have proposed lists of indicators for lesions viewed with ELM. We focus on
the ABCD method of Stolz et al. (1994), as this method is simpler to illustrate, and
both methods share a number of similar features.

Asymmetry for the epiluminescent ABCD criteria is similar to the Clinical-view ABCD
criteria. The lesion is assessed on its axis for differences in shape, colour and struc-
ture distribution. For example, the lesions in Figure 1.7 are rated a) Symmetric, b)

Asymmetric on axis 2 due to colour distribution, and ¢) Asymmetric on both axis.

The second check in the ELM ABCD checklist, Border Contrast, refers to whether
or not the border of the lesion gradually fades into the surrounding skin (a criteria
for benign-ness), or whether the border is sharply demarcated (a possible indication
of malignancy). The lesions in Figure 1.8 are rated a) 0-no demarcation, b) 4-four

segments sharply demarcated, and c) 8-all segments sharply demarcated.

Similarly to the Clinical-view checklist, colouring is important to identifying melanoma
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Figure 1.8: ELM Border Contrast

when viewed under ELM. Stolz et al. (1994) define six colours (light brown, dark
brown, black, red, white, slate-blue). The more distinct colours in the lesion, the
higher the likelihood of malignancy. The lesions of Figure 1.9 are rated a) 2 colours,
light and dark brown, b) 4 colours, light and dark brown, slate blue, and black c)

all six colours are present here

The final check, Differential Structures, examines the structures of the lesion. Differ-
ential structures include dots, globules, structureless areas, network. and branched
streaks. These components are apparent in most lesions. However, the more of
these structures a lesion has, the higher the likelihood of malignancy. The lesions in
Figure 1.10 are rated a) 1 - Only structureless area, b) 3 - structureless areas (x),
network (—), and branched streaks (—) c) all five components appear, structureless

areas, network (—), branched streaks (>), dots (—) and pigment globules (=).

Once these four criteria have been evaluated, the scores for each are combined into a
‘total dermatoscopy score’(TDS) using Equation 1.1. If the resulting TDS is above
5.45, the lesion is highly suspicious for melanoma. Stolz et al. have also found

melanoma with TDS scores as low as 4.75.



1.2 How are Melanomas Detected? 10

Figure 1.10: ELM Differential Structures

Ax13+Bx01+Cx05+Dx05=TDS (1.1)

It should be noted that the ABCD criteria for ELM only applies to lesions that are
derived from melanocytes (the cells that create skin pigment). See Section 1.3 for

further explanation.

Menzies et al. (1996) presents another, related set of guidelines for differentiating
malignant lesions from benign. These guidelines consist of negative features, which
melanoma almost certainly will not have, and positive features that may indicate
melanoma. This set of criteria is more particular than that of Stolz et al., and
includes features such as blue-white veil, radial streaming and pseudopods. Blue-
white veil is a feature highly suggestive of melanoma, and is represented by a blue-
white coloring over some part of the lesion. Colour and asymmetry also play an

important role in this method.

Although recognising the visual aspects of the disease is the main method of identi-
fying potentially malignant lesions used by clinicians, it is difficult to reproduce the
precise techniques in a stepwise fashion. Most identification tends to be based on
the clinicians’ past experience, and the entire process is “more of an art” (Personal
Communications: Oakley 1997).
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Figure 1.11: Examples from the criteria of Menzies et al. (1996). The first picture
shows an example of blue-white veil. The second illustrates pseudopods (indicated
by arrows), while the third shows radial streaming (arrows).

1.3 Skin Lesions

This section will describe the Clinical-view and ELM characteristics of the most
common lesion types, including melanoma. The data from this section is based on
several books (MacKie 1989, Stolz et al. 1994, Habif 1996, Menzies et al. 1996). The
images used to illustrate the lesions are from the image set gathered for this project
unless otherwise stated.

Lesions can be broken into two groups, depending on whether or not melanocytes are
involved in the pigmentation of the lesion. Melanocytes are the cells that produce
melanin, and thus give skin its colour. A dark skinned person will have more melanin
in their skin than a light skinned person. Moles are clusters of melanocytes (not

melanin). Melanoma occurs when these cells become malignant.

For example, the first three lesion types presented below are examples of non-
melanocytic lesions. The pigmentation displayed is not due to melanocytes and
as such, there is no possibility of these lesions becoming melanoma. However, some

of these lesions can cause considerable confusion with melanoma.

The second group of lesions owe their pigmentation to melanocytes. These are the
lesions that have some possibility of becoming melanoma. These lesions include
junctional and compound naevi (common moles) as well as lentigo and of course the

melanomas.

Seborrhoeic Keratoses Seborrhoeic keratoses are very common lesions, espe-
cially in older people, but it is unknown why they develop. These lesions dis-
play enormous variation in appearance, although one of the most common forms
is shown in Figure 1.12. They are not melanocytic lesions, that is, they do not
involve melanocytes, although they are often similar in colour to some melanocytic

lesions. It is exceedingly rare for seborrhoeic keratoses to become malignant.
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Figure 1.13: Haemangioma.

Cherry Angioma (Figure 1.13). Cherry Angiomas (sometimes referred to as
haemangiomas) are small lesions which occur in most people after age 30 (Habif
1996). They consist of dilated skin capillaries and have a distinctive red colour,
which may tend to blue with deeper lesions (Fitzpatrick et al. 1993). They have no
melanocytic component, and hence no likelihood of malignancy. Cherry Angioma

are a subtype of haemangioma.

Basal Cell Carcinoma (Figure 1.14). Basal cell carcinomas (BCCs) are the
most common skin cancer. BCCs rarely metastasise and mortality rates for this
type of cancer are low. Most BCCs are found on the face. Typically, a BCC is
initially seen as shiny or translucent raised nodules, which grow slowly, although
more advanced tumours may vary significantly in appearance. The development of
this carcinoma is related to cumulative ultra-violet radiation exposure. BCCs often

show pigmentation although they are not melanocytic in origin.
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Figure 1.14: Basal Cell Carcinoma.

Figure 1.15: Lentigo.

Ephelides Ephelides or freckles are common in most people with slightly sun-
damaged skin. They appear as small, lightly pigmented lesions that may occur in
large numbers. They are completely benign. The light pigmentation is due to the
melanocyte cells producing an increased amount of melanin in response to exposure

to UV light, and without this exposure, the lesions fade.

Lentigo (Figure 1.16). Lentigo are similar to ephelides in morphology, but are
generally darker and persist in the absence of UV exposure. Lentigo are caused by
an increased number of melanocytes at the junction of the dermis and epidermis.
These lesions are generally quite small (<2mm) and tend to appear on sun-exposed
areas of the skin. In some cases, they can cause confusion with lentigo-maligna

melanoma.

Congenital Melanocytic Naevi (Figure 1.16). These lesions are present at
birth. They range in size from small (under 1.5 cm) to the giant ‘garment’ variety,
which may cover large portions of the body. They are seen as a possible precursor

to melanoma, although they share few of the clinical features of melanoma. The
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Figure 1.16: Congenital Melanocytic Naevi. The left hand image shows a garment
or giant congenital naevus. Both are shown at the Clinical-view . Images (©Habif
(1996)

larger lesions represent a significant risk factor for development of melanoma. It has
been reported that 8.1% of melanoma developed from congenital naevi (page 556
Habif 1996).

Acquired Melanocytic Naevi (Figure 1.17). Acquired (that is, naevi acquired
after birth) melanocytic naevi are benign tumours consisting of melanocyte cells.
These lesions can develop throughout at any stage in life, and are commonly re-
ferred to as moles. There are three major sub-types that exhibit slightly different
characteristics. The first sub-type, the junctional naevus, occurs when melanocyte
cells cluster and proliferate along the junction of the epidermis and dermis, causing
a flat or slightly elevated, light-brown to black regularly pigmented lesion. These
lesions can form into a compound naevus, when the proliferating naevus cells ex-
tend into the dermis. These lesions therefore consist of a compound of junctional
and dermal melanocytes. They appear as brown or flesh coloured, and elevated.
They may be smooth or warty, and are uniformly symmetrical. Compound naevi
mature into dermal naevi, where all of the naevus cells are contained in the dermis
and the expansion of the lesion stops. These lesions range from black through to
flesh coloured, and are commonly dome shaped. Figure 1.20 shows the difference in

structure of these three lesions.

The three lesion types may appear quite similar, although junctional naevi tend to
be darker than compound naevi, which in turn tend to be darker than dermal naevi.

In general, all three are considered benign melanocytic naevi.

Atypical or Dysplastic Naevi (Figures 1.18 and 1.19). Atypical naevi are ac-
quired melanocytic naevi that exhibit some form of irregularity at a clinical or cellu-

lar level. For example, the lesion may be larger than normal, and have an irregular
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Figure 1.17: Examples of acquired melanocytic naevi. The left hand image shows
a junctional naevus, the middle image is a compound naevus and the right hand
image is a dermal naevus. Images from Menzies et al. (1996). It should be noted
that the appearance of these naevi can differ markedly from those shown here.

border. Or the cells composing the lesion may exhibit some form of abnormality.
In many cases, these lesions appear very similar clinically to melanoma, and it has

been suggested that these lesions may be precursor lesions to melanoma.

It must be noted that many different meanings have been given the term dysplastic
naevi. In current practice, atypical naevi is the preferred term because the definition
is more precise. In this research however, a number of images were identified as
dysplastic naevi by original contributors, and therefore the terms ‘dysplastic’ and

‘atypical’ are used interchangeably.

Melanoma Melanoma is the most aggressive of skin cancers. If a melanoma is
left for long enough, (sometimes only a few months, other times many years), it
is highly likely to metastasise. There are several clinical sub-types of melanoma:
superficial spreading melanoma, nodular melanoma, lentigo maligna and lentigo
maligna melanoma, and acral lentiginous melanoma. Figure 1.20 shows an abstract
view of melanocytic skin lesions. Notice that the melanocytes of the melanoma are
spreading both horizontally (radial growth) and vertically (vertical growth). The

melanocytes of the benign lesions are contained.

Superficial spreading melanomas (SSM) are the most commonly reported sub-type
of melanoma (Figure 1.21). They are potentially invasive tumours that have a

radial growth phase as the initial stage of development, before the tumour begins to
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Figure 1.18: Clinical-view Atypical Naevi (left) compared to normal naevus (right).
Note the difference in shape and pigment between the two lesions. Images from Dr.
Scott Menzies and Health Waikato Ltd. respectively.

Figure 1.19: ELM Atypical Naevi (left) compared to normal naevus (right). These
ELM images are of the Clinical-view lesions presented in Figure 1.18

invade the dermis. This radial growth phase may last anywhere between months to

a decade.

Nodular melanomas (Figure 1.22) are also invasive, but unlike SSM, do not have
an appreciable radial growth phase. Because of the lack of the radial growth stage,
nodular melanomas tend to be the most aggressive of all melanoma. SSM may
develop a nodular component, which may make differentiating between these two
types difficult. Some authors suggest such differentiation is unnecessary (Menzies
et al. 1996).

Another type of melanoma is lentigo maligna and the more advanced lentigo maligna
melanoma. Lentigo maligna is an in-situ (confined to the epidermis) melanoma
which usually occurs on the head and neck. They are also most common in older
people. If lentigo maligna progresses to an invasive stage (i.e. penetrating the
dermis), it becomes known as lentigo maligna melanoma. Both of these appear as
highly irregular lesions (more so than superficial spreading melanoma), and often

have very indistinct boundaries. They often enlarge very slowly.

The final sub-type of melanoma is acral lentiginous melanoma. These melanomas

are found on the palms, soles, or under the nail bed. Because of their location, these
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Figure 1.20: The location of melanocytic skin lesions in the skin. Junctional naevi
are located on the junction between the dermis and the epidermis, with all cells
contained in the epidermis. Compound naevi have cells in both the dermis and
epidermis, whilst dermal naevi are entirely contained in the dermis. The cells of
these three lesions are all grouped together. The melanoma on the other hand,
grows both horizontally along the epidermis, and vertically into (out of) the skin.

Figure 1.21: Superficial Spreading Melanoma
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Figure 1.22: Nodular Melanoma. Images from Dr. Scott Menzies.

Figure 1.23: Lentigo maligna

lesions may appear quite different to other melanoma.

The above introduction is not exhaustive, but is intended as an introduction to the
major types of lesions. It is apparent that the appearance of skin lesions varies

enormously, not only between lesion types, but also within a type.

1.4 Outline of the Thesis

This thesis is organised into nine chapters, as indicated in Table 1.1. This first
chapter presented an introduction to the context of the research, namely melanoma,
and in particular methods of detecting this disease. It also shows examples of some

of the most common skin lesions.

The next chapter reviews the literature concerning the context. The problem of
melanoma is established from the literature, and methods that may assist in com-
bating this disease are examined. From this review, an area of research is identified,

and we develop a thesis for investigation.

Chapter 3 covers literature associated with automated systems for identifying melanoma,

which is our area of interest. The fourth chapter details the method used in the
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project to assess the validity of the thesis, while Chapter 5 describes the investiga-
tions carried out to assess the thesis. The sixth chapter lists the results obtained
from the investigations, which leads into Chapter 7, where an analysis of these results

is performed.

Chapter 8 presents possible implications from this research on the wider research
field, and the research is summarised in the final chapter, together with directions

for future work.

1.5 Chapter Summary

This chapter has introduced the problem of melanoma. Melanoma is the most deadly
form of skin cancer. It is apparent that in countries with predominantly white
skinned populations, melanoma is a serious problem. Melanoma is of particular

concern in New Zealand and Australia.

We have looked at the current methods used to detect melanoma. In particular, we
have presented techniques used at the Clinical-view, and also using ELM. ELM is
currently the “state of the art” for melanoma detection. We then looked briefly at
different types of skin lesions. Both a Clinical-view and an ELM view of the lesions
are presented, so that the differences between these views may be appreciated. Some
of these lesions are straightforward to distinguish from melanoma, while others are

much more difficult.

The next chapter reviews the literature associated with this field. From this litera-

ture an area of interest is found, and a thesis argument put forward.



Table 1.1: Contents of the thesis at a glance

Chapter Title

Main Contents

Introduction

Literature Review

Automated Systems Review

Method

Investigations

Results
Analysis

Implications
Main findings, limitations & further work

Introduces the major context of the research - melanoma and skin lesions. Describes
how lesions are identified, and introduces the Clinical-view and ELM concepts. Also
shows examples of main types of skin lesions.

Examines research concerning the problem of melanoma. Establishes the problem,
discusses methods of reducing the problem. From this discussion, a gap in knowledge
is identified, and the context of the thesis, automated melanoma detection systems
for skin lesions, is found. From this context, the thesis argument is presented.

Looks at research concerning the three components of automated diagnosis systems,
segmentation, feature analysis and classification.

Having reviewed techniques used in past research in the previous chapter, this chap-
ter is concerned with presenting the methods used in this research. Emphasis is on
feature analysis algorithms and classification.

Describes the investigations performed in this research. The investigations are: the
diagnosis problem, the ‘dermatologist assessment’ problem, and the human compar-
ison investigation.

Presents the results of the investigations.

Interprets the results of the investigations and discusses the meaning of the results
for the thesis. Support for the thesis argument is shown here, and conclusions
regarding the thesis argument are drawn.

Presents implications of this research for the wider research field.

Summarises the research, and presents the major contributions associated with this
work. The further work section discusses immediate extensions to the work that
could be performed.
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Chapter 2

Literature Review

As outlined in the previous chapter, melanoma incidence is increasing around the
world. The first section of this chapter presents more evidence concerning the
melanoma, problem, and looks at methods proposed to reduce the problem, in par-
ticular, early detection. The concept of early detection is examined from the point
of view of the lay-person, detailing initiatives, and examining how aware lay-persons
are of melanoma. The methods and accuracy of clinicians are then reviewed. Finally
in this section, the concept of population screening for melanoma is examined. Such
screening is used for breast and cervical cancers, and we look at whether a similar
system could be successful for melanoma. We discover that population screening
for melanoma is unlikely to be utilised, and surmise that perhaps automating the
screening process may make screening more cost-effective. The remainder of this
chapter looks at current automated research, and locates an area for investigation.

The thesis argument is then proposed, and the thesis content is discussed.

2.1 Melanoma is a Problem

Melanoma is a problem that has received an increasing amount of attention in recent
years. Many researchers are investigating different aspects of the disease, from
management to trends and solutions. One of the trends that appears the most
prominent in the literature is that the incidence of melanoma in countries with
mainly white populations is increasing rapidly. In New Zealand, Skegg (1994) reports
that one in 31 people born in 1994 will develop melanoma given current rates,
and that by the year 2005, one in 14 people are likely to contract the disease. In
unpublished research, Rademaker & Zainal (1997) estimate the risk to white New
Zealanders’ in the Waikato region of New Zealand in 1997 was nearly one in 12. This
result is backed up by the latest Waikato statistics (Health-Waikato 1995), which
report that 326 new cases of melanoma were recorded in 1995, from a population of

European descent of 244,181. These results correspond to one in 10 people in the
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Waikato developing melanoma, and confirm the results of Rademaker & Zainal.

In 1993, the New Zealand Cancer Society and the Department of Health Working
Group reported on the melanoma situation in New Zealand. This report, Elwood
& Glasgow (1993) details the problem of melanoma in New Zealand, and describes
proposed plans to control this cancer. The report states that New Zealand has one
of the highest incidence rates of melanoma in the world, and that melanoma “is
the most common tumour in 20 to 39-year old adults, and the incidence is rapidly
increasing”. In Australia, the trend is repeated. The Anti-Cancer Council of Victoria
reports that the incidence of melanoma is growing “at a faster rate than any other
cancer in Australia” (Thursfield et al. 1995). Lifetime risk was assessed at one in 45
and one in 50 for men and women respectively. This report also shows comparative
international incidence rates, with Australia and New Zealand regions taking the
top four places in incidence. These results may be superceded by more recent data,
for example Rademaker & Zainal (1997), but the implications for both New Zealand
and Australia are clear. Saxe et al. (1998) report on the South African situation.
Although they do not report change in incidence, they conclude that “results...
indicate a high incidence rate of melanoma in white South Africans, comparable
with that of Australia”.

Interestingly, Giles et al. (1996) reports that mortality from the disease in Australia
has plateaued. They report that some age-groups had increased mortality rates,
whilst other groups fell. Those groups showing increases were generally older people
born before 1930. Death rates were stable in those born between 1930 and 1950,
while the death rate fell for younger groups. They conclude that the death rate
from melanoma is stable, and based on the age group data, can be expected to
fall in coming years. Most other research from around the world reports a linear
increase, and it may be that more recent data from those countries will show the

death rate reaching a similar plateau.

Friedman et al. (1985) and Friedman et al. (1991) reported on the situation in the
United States. The first of these papers found that one United States citizen in
150 was likely to develop melanoma in 1985. The second paper reported that this
rate had increased to one in 105 by 1991, a more than 40% increase in less than a
decade. These papers also introduce the ABCD criteria for evaluating lesions, and
are recommended reading as an introduction to the problem of melanoma.

In more recent American literature, Rigel et al. (1996) report a worsening situation.
In particular, they state that one in 87 Americans will develop melanoma (compare
to Friedman et al. 1985, Friedman et al. 1991). They claim that this result is
accurate, and not simply due to changes in surveillance or detection methods. They

also report that annual mortality from melanoma continues to show a linear increase,
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contrary to the plateau reported by Giles et al. (1996).

Obviously melanoma, is a worsening worldwide problem. From Giles et al. (1996),
some progress in reducing mortality appears to have been made, at least in Australia.
Incidence is still rising however. Melanoma is easy to cure if it is detected early,
and so emphasis on treating this disease is placed on early detection. The following
section looks at early detection from the point of view of both lay-persons and

clinicians.

2.1.1 Early Detection is Vital

Early detection of melanoma is reported in the literature as being very important
to improving the prognosis of this disease. Friedman et al. (1991) state “In sum, the
current death rate from malignant melanoma can be reduced to nearly zero through

early detection coupled with prompt surgical removal”.

Both lay-persons and clinicians have a role to play in early detection. The next
section describes some of the reported initiatives intended to increase lay-person
awareness, and also techniques intended to give lay-persons the ability to identify
melanoma. We then look at early detection from the point of view of clinicians.
This inspection details the techniques clinicians use to identify melanoma, and also

reports on the accuracy of clinicians at identifying these lesions.

Early Detection 1: Lay-persons

Activities concerned with reducing the mortality rate from melanoma come in three
forms, primary, secondary, and tertiary. Primary activities are intended to reduce
the number of people getting melanoma, secondary activities are concerned with
promoting early detection of melanoma, and tertiary activities are those techniques
that can help treat advanced disease. Promotion of covering up and sun-screen use
are examples of primary activities, while skin self-examination, promoting aware-
ness of the appearance of melanoma, and population screening are all examples of
secondary prevention measures. Figure 2.1 shows the relationship between these
activities (reproduced from Champion et al. 1998).

The ABCD checklist of Friedman et al. (1985), together with the seven point check-
list (Table 2.1) of suspicious features of MacKie (1985), have been mainstays of
secondary education activities. For example, the Cancer Society of New Zealand
produces a bookmark containing the ABCD checklist for distribution to the public.
Other educational programs have also been used in New Zealand. These include
Spot Check days (where members of the public can have moles checked for free
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by experienced clinicians), mass-media awareness programs and school education
programs. Such programs generally have both primary and secondary prevention
effects. Elwood & Glasgow (1993) reviews these programs from the New Zealand
perspective. Similar initiatives have been used in other countries, but the efficacy
of such programs is not well known. In reviews of education campaigns, such as
MacKie & Doherty (1988), Thursfield et al. (1995) and Giles & Thursfield (1997),
an increased number of moles being presented is commonly reported, which would be
expected if the program is having a secondary effect. However, primary effects may
take much longer to establish. From the rapidly increasing incidence of melanoma
around the world, it appears that primary prevention activities are either not hav-
ing the desired effect, or that delay exists between the program and the apparent

primary effect.

In the New Zealand case at least, it appears some progress has been made concerning
secondary prevention, in particular, lay-persons awareness of the disease. The Public
Health Commission’s report to the New Zealand Minister of Health states, “New
Zealanders’ awareness of melanoma has increased markedly since the first campaigns
in 1978. By 1989, more than half the population could describe melanoma accurately,

Primary prevention:
Education

Secondary prevention:
Screening
Case finding
Rapid referral clinics
Excision thin melanomas

Metastatic disease
Tertiary prevention:

Chemotherapy for
metastatic melanoma

Figure 2.1: The relationship between intervention and stages in disease progression,
reproduced from Champion et al. (1998). Champion et al. state “Disease prevention
in a serious condition such as melanoma is much more sensible than treating sick
individuals with expensive drugs at the end of a long chain of irreversible pathological
events”.
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Table 2.1: Seven point checklist of suspiciousness of MacKie (1985)
Minor itch or other change in sensation.
A lesion greater than 1 cm in largest diameter.
A history of growth or other change in a pigmented lesion in an adult.
An irregular outline.
Irregular and varied colors.
Inflammation in or at the edge of the lesion.
Bleeding or crusting.

N OOt W N

and by 1992, 83 percent” (Skegg 1994).

These results suggest high levels of awareness in New Zealand. It is not clear how-
ever, whether such high levels of awareness will continue. It is also not clear whether
this awareness of melanoma results in people being concerned about skin lesions.
That is, people may be aware of the problem of melanoma, but this awareness does
not necessarily mean they use preventive measures, or seek medical advice early
when they have identified a potentially malignant lesion. Further research may be
needed to clarify this point. If people do not seek medical advice even with a high
level of awareness, it is possible that educational activities are missing the mzirk,

and different techniques may be required.

Australians, perhaps not surprisingly, also seem to have high awareness. An editorial
by Robin Marks introduces the steps used in Australia (Marks 1994) to increase
awareness. Borland et al. (1992) reports that over 90% of Australians’ surveyed had
heard the term melanoma, and 95% believe it to be a serious disease, but many were
confused about the visual characteristics of the disease. These results suggest that
perhaps New Zealanders and Australians are quite similar in terms of knowledge of

melanoma.

Similarly, Martin’s (1995) research on risk factors, knowledge and preventive be-
haviour in Australia also reports a high level of knowledge and awareness. Martin
found that although awareness was high, a significant proportion of respondents
were unaware of risk factors, particularly those associated with ‘Celtic’ heritage
(blue eyes, fair or red hair), and those at high risk were unlikely to know they were.
Jackson et al. (1999) present similar findings for the United Kingdom.

In contrast to these results, it appears awareness of melanoma is low in the United
States. Miller et al. (1996) presents recent research concerning Americans knowledge
of melanoma. According to this research, of the 1001 people surveyed, around 50%
of men and 35% of women did not recognise the term melanoma. They also report
that awareness is related to levels of education and income. In general, the higher the
education and income levels, the higher the knowledge. This finding is reproduced to
a degree in Scottish research by MacKie & Hole (1996), who conclude that although
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the incidence of melanoma is higher among people on higher incomes, the mortality
and morbidity rates are less than those on lower incomes. This finding suggests that
those on higher incomes are more likely to be aware of the problem, and thus MacKie
& Hole state that “early diagnosis campaigns should be targeted particularly to less

affluent men...”.

At this stage, it is apparent that awareness of melanoma by lay-persons is variable by
country. New Zealanders and Australians appear quite aware of the problem, and
this result is encouraging for reducing mortality from melanoma. Once a person
becomes aware of a possibly malignant lesion, the next step is most likely to be
a visit to a general practitioner or dermatologist. The general practitioner will
usually refer ‘suspicious’ lesions to a dermatologist. The next section reviews the
methods for identifying melanoma available to clinicians. Research is also presented
concerning the ability of both specialist and non-specialist medical personnel to

identify melanoma.

Early Detection 2: Clinicians

Clinicians also have a role to play in early detection, and therefore, the ability of
clinicians to detect melanoma is important. In New Zealand, the evidence in the
literature suggests that the ability of medical personnel to recognise a possibly prob-
lematic lesion is quite high. McGee et al. (1994) performed a survey of 900 general
practitioners around New Zealand, regarding their ability concerning melanoma de-
tection. 35 dermatologists were given the same survey as a comparison sample.
The survey asked respondents to suggest a diagnosis for 12 lesions, including three
melanomas. The results indicated that general practitioners in New Zealand had
a reasonable level of skill in identifying melanomas, and were also quite successful
in identifying the need for biopsy. 67% of the lesions were correctly identified by
the general practitioners, and 83% of the lesions were correctly referred for biopsy.
Dermatologists were found to be significantly more accurate (average 87% correct).
McGee et al. concluded, “the generally good results of this survey suggest a high

degree of expertise among New Zealand general practitioners”.

In Australia, MacKenzie-Wood et al. (1998) report that dermatologists achieved an
overall accuracy rate of 65.6%, lending further emphasis to the above results. This
value was found through analysis of 61 suspected melanoma excisions over the pe-
riod of one year. Morton & MacKie (1998) also report on this topic. They found
diagnostic accuracy rates were highly dependent on the time the clinician had been
practicing. Sensitivity (the proportion of actual melanoma identified as melanoma)
rates varied between 79% for registrars to 91% for consultant dermatologists. Simi-

larly, diagnostic accuracy (the proportion of cases in which the clinician was correct
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in their clinical diagnosis of melanoma) varied between 56% and 80% for registrars

and consultants respectively.

In related research, Ramsay & Weary (1996) present a summary of results for the
accuracy of dermatologists compared to non-dermatologists when presented with a
range of skin lesions. They quote data from the United States, England, Australia,
as well as the data of McGee et al. (1994) for New Zealand. Although their aim
was to highlight the lack of ability of non-specialists concerning general skin disease,
they conclude that the ability of dermatologists to identify skin lesions is very high.
General practitioners were significantly lower. It should be noted that this result
concerns the ability of medical practitioners to identify melanoma, not their ability

to recognise which lesions need to be looked at by a dermatologist.

Other studies report similarly on the accuracy of clinical detection of skin lesions.
Grin et al. (1990) reported on the accuracy of clinicians regarding skin lesions in
the United States over the period 1955 through to 1982. Using the computerised
database of the Oncology Section of the Skin and Cancer Unit of New York, they
investigated the sensitivity, specificity and predictive value positive of diagnosis of
melanoma. Sensitivity refers to the proportion of all cases of histologically con-
firmed melanomas that were clinically identified as melanoma. Specificity refers to
the proportion of all cases histologically proved not to be melanoma that were clin-
ically identified as not melanoma, and predictive value positive is the proportion of
all cases clinically identified as melanoma which were histologically confirmed to be
melanoma. High values for sensitivity and predictive value positive indicate that a
large proportion of melanomas were identified prior to confirmation by biopsy. Grin
et al. reported that sensitivity has increased over the period, from 63% to 84.5%.
They conclude that in the United States a substantial percentage of melanoma, were
identified prior to biopsy, but still a significant number of melanoma eluded recogni-
tion. Del-Mar et al. (1994) also report on an investigation into clinical accuracy in
the United States. They measured the percentage of malignant, pre-malignant and
potentially malignant lesions out of a set of lesions excised. Only eight percent of the
nearly two thousand lesions recorded were in one of these categories. They report
that this percentage increased with age. Using this percentage as a crude tool to
measure diagnostic accuracy (or perhaps more accurately, excision accuracy), they
conclude that the data suggests poor specificity of clinical excisions, contrary to the
results previously reported by Grin et al. (1990). It should be noted that the data
may be skewed by non-medical excisions, for example those removed for cosmetic

reasons.

The above reports were all based on viewing the lesions at the Clinical-view. Another
method of viewing lesions used by clinicians is Epiluminescent Microscopy, or ELM.

ELM is gaining popularity as a primary tool for melanoma detection. A large amount
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Figure 2.2: A hand-held dermatoscope

of literature describes the method, for example Pehamberger et al. (1987), Steiner
et al. (1987), Kenet et al. (1993), Nilles et al. (1994), Stolz et al. (1994), and Menzies
et al. (1996). The method is reproduced here from Kenet et al. (1993).

“The technique consists of placing a thin layer of mineral oil on the skin
and inspecting pigmented structures below the skin surface, typically
with a 6X to 40X magnification using a hand-held lens... The oil elimi-
nates surface reflection due to the refractive index mismatch between air
and skin. This renders the stratum corneum transparent, enabling the

in-vivo visualization of pigmented anatomic structures of the (skin)”.

In practice, ELM simply means covering the lesion in oil, placing a glass plate directly
on the lesion and then viewing the lesion through a magnifying lens (Figure 2.2).
Section 1.3 in the previous chapter showed examples of the differences in appearance
between Clinical-view images and ELM images. It has been reported that ELM
allows trained specialists to achieve a higher diagnostic accuracy rate than simply
using the Clinical-view of lesions, for example Pehamberger et al. (1987), Steiner
et al. (1987), Pehamberger et al. (1993), and Binder et al. (1995) amongst many
others. However, there is data to suggest that dermatologists who are not formally
trained in the area may in fact decrease their clinical accuracy (Binder et al. 1995).
For an introduction and review of ELM literature, the reader is referred to Argenyi
(1997).

To assist the development of clinical expertise with ELM, several researchers have
described ELM-criteria thought to indicate malignancy. Kenet et al. (1993), Stolz
et al. (1994), and Menzies et al. (1996) all present work in this area. Binder et al.
(1999) have recently re-evaluated the ABCD criteria of Stolz et al. (1994) using
seventeen dermatologists ranging in experience from first year registrars to dedicated
skin lesion clinicians with many years of ELM experience. They found that the
method generally enhances clinical accuracy. Sensitivity and specificity results varied
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considerably however, given the different groups of dermatologists.

As the ELM technique becomes more widespread, and more clinicians become famil-
iar with it, it is likely that the current known indicators of malignancy will become
more refined, and the ability of dermatologists to recognise melanoma may therefore
improve. Other techniques, such as ultrasound (Dummer et al. 1995), have also been
proposed to be used in conjunction with ELM, and may lead to a further increases in
the ability to detect melanoma. However, ELM is not a panacea for early detection
of melanoma. Steiner et al. (1987) wrote “Although epiluminescence microscopy
does not-given the biologic variability of pigmented skin lesions-cannot provide an
absolutely reliable diagnosis for all lesions, it does considerably improve the overall

diagnostic accuracy at the clinical level”.

From these reports, it appears that dermatologists are likely to be quite good at
recognising skin lesions, although discrepancies exist. The results for general prac-
titioners are less clear, but one study (McGee et al. 1994) reports that general
practitioners do have a good ability to recognise the need to send skin lesions for

further inspection.

Perhaps the overwhelming (and understandable) attitude of dermatologists can be
summed up by MacKenzie-Wood et al. (1998). They state “...it must be said that
the key decision surrounds whether or not to biopsy a suspicious lesion. Clinical
accuracy is not vital if the suspicious lesion has been removed”. That is, the accuracy
of dermatologists in recognising melanoma is less important than the ability to
recommend a lesion be excised. It is apparent that although dermatologists tend
to be quite adept at identifying melanoma, their primary function is to recommend

lesions for excision.

2.1.2 How About Screening?

Thus far, we have established that melanoma is an increasing problem. Research
was presented concerning the methods used to increase awareness in la.y-pefsons,
focussing on secondary methods, that is, those methods encouraging early detection
and treatment. The ABCD criteria and danger signs reported in Friedman et al.
(1985) are a major focus for early detection campaigns. We have also looked at
methods used by clinicians to recognise melanomas, and how accurate these clini-
cians are. A relatively new technique, epiluminescent microscopy, has been shown
to improve the accuracy of clinicians, and is becoming an increasingly important

tool, although it is apparent that care must be taken to ensure proper training.

In order to utilise the expertise shown by clinicians, the patient must first report

with a suspicious lesion. However, MacKie & Doherty (1988) have reported that



2.1 Melanoma is a Problem 30

the most significant delay for a patient with melanoma occurred before that person
saw a medical practitioner. This delay indicates the need for intervention before
medical practitioners are consulted. Population screening, similar to that already

undertaken for cervical and breast cancers, is one of these proposed interventions.

Several agencies have looked at population screening of skin lesions as an initiative
to reduce the death rate from melanoma, by increasing the rate of early detection.
Population screening involves regular visits to a specialist for examination. It is an
appropriate measure in cases where early detection is vital to improving prognosis, or
when pre-cancerous conditions can be readily identified. At first glance, it appears
both of these conditions are true for melanoma. However, in the New Zealand
situation, Elwood & Glasgow (1993) have said that:

“Recommending a routine general skin examination involves a major
commitment of health care resources. In New Zealand, we estimate that
if general practitioners offered an annual spot check to all patients over
age 30, the check would consume 5 per cent of their total clinical time”
(Elwood and Glasgow 1993, page 20)

Five percent of the clinical time of all general practitioners represents a large diver-
sion of resources. If such a program were to go ahead, the benefits would have to be
correspondingly large. In order to assess the benefits of a screening program, Grob
(1997) proposed three assumptions that need to be fulfilled for gain from melanoma
screening. The first assumption is that screening will detect melanoma faster than
no screening. For a tumour such as melanoma that can grow rapidly, he postulates
that “(screening) twice a year would be a minimum for an efficient screening (of
melanoma)”. The second assumption is that the participants in the screening pro-
gram are high-risk, that is have a high incidence of melanoma. The final assumption
is that the screening test (in this case clinical examination) is accurate and reliable.
He reports that clinical examination is not accurate enough, and therefore this as-
sumption cannot be justified. The conclusion from this report is that melanoma

screening of the general population is “certainly not cost effective”.

In a similar vein, the report of the United States Preventive Services Task Force
(DiGuiseppi et al. 1997) presents a discussion concerning routine screening for skin
cancer. The report concludes “there is insufficient evidence to recommend for or
against either routine screening for skin cancer by primary care providers or coun-
selling patients to perform periodic skin self-examinations”. This conclusion sum-
marises the lack of data concerning aspects of skin cancer treatment, especially

results of techniques improving mortality and morbidity.

Jackson et al. (1998) puts the case for more targeted screening. Patients are asked
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to complete a risk factor flow chart proposed by Rona M. MacKie. This flow chart
incorporates four risk factors for melanoma, freckling, greater than 20 moles, atypical
naevi, and history of severe sunburn. Patients who score four (out of four) are said
to be high-risk. Such targeting is intended to reduce the high costs associated with
population screening, but debate exists over whether such methods are valuable, and
some papers suggest the possibility of negative effects such as decreased vigilance
on the part of those not targeted (for example, Sinclair 1998).

The papers reviewed above indicate the costs involved in screening skin cancer
through traditional methods. Given the current situation, it appears that population
screening is unlikely to be implemented, due to high costs and uncertain benefits.
However, if a low cost screening program could be found, benefits from screening
become relatively more attractive. Given that most of the expense associated with
screening is associated with the (valuable) time of medical personnel, an automated
screening system able to be operated by non-specialists may be more cost-effective.
This use of an automated system may increase the number of melanomas excised,

and thus decrease the mortality rate.

2.1.3 Section Summary

Several points should be gleaned from the above review. Melanoma is a serious
problem around the world, and especially in New Zealand. Early detection is the
easiest and best way of reducing morbidity and mortality from the disease, and the

chance of a cure increases proportional to the earliness of detection.

It is apparent that dermatologists are quite accurate when recognising melanoma,
and new techniques such as ELM have the ability to further improve accuracy. The
previous papers suggest that the majority of melanoma are recognised and treated
once referred to a specialist, and also that general practitioners are well aware of
the need to biopsy suspicious lesions. Therefore, we may conclude that if a lesion
is seen by a general practitioner, in most cases, a melanoma will be referred to a
dermatologist. Once referred to a dermatologist, most melanomas are likely to be
excised.

From Elwood & Glasgow (1993), DiGuiseppi et al. (1997), Grob (1997), and Sinclair
(1998), it could be concluded that it is unlikely that population screening for skin
cancer utilising general practitioners and dermatologists will become a reality until
further cost/benefit analysis is provided, or at least a more accurate method of
melanoma detection is available. A cheaper method of screening may be more likely
to be implemented. An automated system may be useful in this situation.
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2.2 Automated Solutions - call in the computer!

Detection of melanoma by computer seems to be a fairly obvious research field, and
indeed, numerous research papers have been published chronicling development of
such systems. In this section, we look at some of this work. The research is presented
in roughly chronological order, to give some idea of the progression of ideas in this
field. Table 2.2 presents a summary of this research. This review is summarised in
Day & Barbour (2000).

The earliest research found concerning automated systems for melanoma detection
was that presented by Dhawan (1988). Dhawan presented an instrument (termed
‘Nevoscope’) developed from ideas described in his Ph.D. thesis. The concept behind
the Nevoscope is to transilluminate the skin lesion a number of times, and use
the resultant images to develop a simple three dimensional model of the lesion.
From this 3D model, a set of features is measured, for example thickness, 3D size,
skin and lesion color, lesion margin, together with boundary, shape and surface
characteristics. These measurements, together with patient history data, are used
as input to a rule-based analysis and interpretation system, that attempts to classify
the image. This paper reported a work in progress, and as such does not report

results.

Green et al. (1991) developed an automated system using a video camera connected
to a computer. A sample of 89 images was captured using the video camera, to-
gether with five clinical details for each lesion. These five details were: diameter
(mm), colour of lesion (uniform light brown, uniform dark brown, uniform black,
variegated), regularity of outline (very, moderately, very irregular), blurriness of
edge (clearly defined, blurred) and whether the lesion was palpable (yes, no). The
images were then algorithmically analysed. Image analysis consisted of colour means
and variances, infrared colour data, as well as area and perimeter data. Once the
image analysis was complete, a software package was used to attempt to separate
three classes of lesion, namely melanoma, melanocytic naevi and ‘other’ pigmented
lesions. They report that 76% of the lesions were correctly classified. One melanoma
out of five was incorrectly classified using all the criteria, four out of 53 lesions were
falsely classified as melanoma, and six out of 12 ‘other’ lesions were incorrectly clas-
sified. This accuracy dropped to 73% percent when infrared measurements are left
out. Interestingly, this paper showed that there was little correlation between the

clinical details and the corresponding image analysis results, excepting lesion size.

Cascinelli et al. (1992) present a similar automated system, termed SkinView. The
system analysed lesion images and measured colour, shape, and texture features
(somewhat strangely assigning binary numbers to this data, rather than real numbers

that would allow a continuum of values). Data from clinical assessment by medical



Table 2.2: Summary of automated melanoma detection system research. CV = Clinical-view . Notes: * Bostok et al. only used silhouettes
of Clinical-view lesions. ! Specificity was not calculated in research. This figure was derived from other figures and may be incorrect. *

Gutkowicz-Krusin et al. fixed sensitivity in their system to be 100%. ¥ Schindewolf et al. (1993b) compare Clinical-view and ELM images.

Schindewolf et al. (1994) looks at direct digitised images versus digitised slides.

Author Date | Sensitivity Specificity | Total Melanoma | Image type
images images
Dhawan 1998 Not avail. Not avail. Other
Green et al. 1991 80 72 70 5 Ccv
Cascinelli et al. 1992 83 60 169 45 Ccv
Schindewolf et al. 1993a 94 88 353 215 Ccv
Schindewolf et al. 1993b | Accuracy=81(CV)Y 320 194 cv
Accuracy=78(ELM)Y 320 194 ELM
Bostok et al. 1993 92 68 124 68 cv*
Ercal, Chawla et al. 1994 ~82 ~83 240 120 Cv
Green ct al. 1994 83 82 164 18 CVv
Ercal, Lee et al. 1994 96 ~ 621 399 135 Ccv
Schindewolf et al. * 1994 Accuracy=~80 404 240 CV slides
Accuracy=~80 309 80 CV direct
Andreassi et al. 1995 Unknown 430 50 ELM
Hintz-Madsen et al. 1996 59 ? 180 60 Ccv
Menzies et al. 1997 93 67 170 75 ELM
Gutkowicz-Krusin et al. | 1997 100* 61 104 30 ELM
Horsch et al. 1997 Unknown 118 60 ELM
Seidenari et al. 1998 93 95 917 65 ELM
Bischof et al. 1998 80-100 80-84 221 45 ELM
Binder et al. 1998 90 74 120 39 ELM
Landau et al. 1999 Accuracy = 92 71 7 (62"
Seidenari et al. 1999 100 92 424 37 ELM

*
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practitioners was also included. The major conclusion contained in this report was
that algorithms could capture the clinical judgement of the expert physician to some
degree. However, no evaluation into how well this judgement could be captured was
attempted. They also identify the possible use of an automated system to “identify
lesions that need further investigation”. In a follow-up to this paper, Sober &
Burstein (1994) describe their experience with the SkinView system. They report
that the system had difficulty discriminating between benign and malignant lesions
in their trial. For example, use of shape features classified 82% of melanoma as
‘suggestive of melanoma’, whereas the same features classified 85% of non-dysplastic
benign naevi as ‘suggestive of melanoma’. One of the reasons proposed for the poor
results was that pre-training (in Milan) used more advanced lesions, skewing the
model. This failure indicates the difficulty involved in developing a system that will

work on the population of lesions.

Schindewolf et al. produced three papers concerning automated classification of
melanoma. The first, Schindewolf et al. (1993a) described an automated system that
analysed a set of 353 lesions. 138 were benign, with the remaining 215 melanoma.
The best classification results reported indicate sensitivity of 94%, and specificity
of 88%. 16 benign and 12 malignant lesions were mis-classified. This paper is
detailed in its description of techniques, and also presents an evaluation of the image
features used. The second paper, Schindewolf et al. (1993b), evaluated two different
types of images in the context of an automated system. Using the system described
in Schindewolf et al. (1993a), Clinical-view and ELM classification systems were
compared. They report that the Clinical-view classifier produced slightly better
cross-validated results than the ELM classifier. Interestingly, they also created a
classifier that used both Clinical-view and ELM features. This classifier performed
slightly better than both the Clinical-view and ELM classifiers. The final paper,
Schindewolf et al. (1994), reports on a comparison between digitised slides and
directly digitised images of skin lesions in a skin lesion classification system. The
methodology was similar to the previous two papers. They report cross-validated
accuracy of 80% for both the slide-based system and the directly digitised image
system. However, the lesions analysed by the two systems are not identical, and it
may be that the results are a reflection of the difference in image sets rather than

the systems performing identically.

A follow-up to Green et al. (1991) is presented in Green et al. (1994). This system
again utilised a colour video camera and frame grabber-mounted on a computer. The
video camera and frame grabber captured lesion images, which were then analysed
in a similar way to their previous paper. 164 images were collected and analysed
by the system, and a success rate of 89% was reported, compared with a rating of

83% percent based on the clinical grading of the lesion characteristics. The system
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classified 16 of the 18 melanomas correctly.

A system using neural networks is described in Ercal, Chawla, Stoecker, Lee & Moss
(1994), and also presented subsequently in Lee (1994). In this study, a neural net-
work was used to classify skin lesion images based on a number of characteristics
including border irregularity, colour variances, relative chromaticity, and asymme-
try. These characteristics were based primarily on the ABCD characteristics of
Friedman et al. (1985). They reported a best success rate of 86%, although this
result was obtained without inclusion of dysplastic naevi in the test set. The success
rate inclusive of dysplastic naevi approached 83%. From their work, they note a
number of findings. Firstly, that colour data is crucial to the process of identifying
melanoma. Secondly, that boundary irregularity and asymmetry are important for
distinguishing melanoma from benign lesions, and finally, they noted the difficulty

of distinguishing dysplastic naevi from melanoma.

Ercal, Lee, Stoecker & Moss (1994) presented a continuation of the previous paper
that used more advanced neural network techniques (again subsequently reported
in Lee 1994). The simple neural network was re-tested with a larger and more
varied data set, which resulted in 65% success rate for melanoma. Using the new
neural network, they report an improved success rate for melanoma of 88%. The
differences between the results of the simple system reported in these two papers

again highlights the difference that a change in image sets can make.

The above systems all use Clinical-view images. In the area of epiluminescent mi-
croscopy, the hand-held Dermatoscope (Figure 2.2) was only just beginning to be
widely used, and most skin lesions were assessed using the Clinical-view of the lesion.
After this point (around 1995), however, much more effort was put into ELM-based
techniques (See Table 2.2).

This progression of ideas from Clinical-view to ELM is seen quite clearly in the
review papers of this area. Stoecker & Moss (1992) presents one of the early re-
views of dermatological applications of computers. The overview at this early stage
indicates the focus on Clinical-view images, although Wilhelm Stolz et al. from
the University of Munich were reported to be experimenting with digital analysis
of ELM images. A further paper from the same authors, Stoecker et al. (1995),
titled “Non-dermatoscopic digital imaging of pigmented lesions” reports progress in
Clinical-view imaging. The title suggests that dermatoscopic digital imaging was
becoming more important. The review carried out in Sober & Burstein (1994)
also concentrates on Clinical-view based systems. However, mention of the work of
Schindewolf et al. (1993b), which compared classification rates of ELM and CV im-
ages using image analysis, together with the computer enhancement of ELM images
shown in Kenet et al. (1993) indicate the first steps in this area.
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From 1995 however, ELM research reports become much more prolific. Andreassi
et al. (1995), Menzies et al. (1997), Bischof et al. (1998), Binder et al. (1998),
Seidenari et al. (1998), and Seidenari et al. (1999) all report on ‘smart’ systems
based on the ELM view of images. MoleMax II by Dermalnstruments, Austria is a
commercial system based on ELM images with a function for identifying melanoma.
Research into Clinical-view ‘smart’ systems becomes less apparent. The editorial by
Kopf et al. (1997) reviews the dermatoscopy and digital imaging literature and is a
good place to start for a more recent look at developments in this field. This review
shows more emphasis on ELM-based systems. However, the timing of the paper
excluded coverage of yet more recent advances concerning the use of ELM-images
in automated systems. The following literature review comes from the post-1994

period.

The first research in this period, Andreassi et al. (1995), details the development
of ELM-based software termed DBdermoMIPS. In similar fashion to the papers
above, the lesion image is segmented and analysed with image analysis algorithms.
Both ELM and magnified Clinical-view images were captured. The image analysis
algorithms used were based on the ABCD criteria, almost certainly that proposed
in Friedman et al. (1985), rather than the ELM-based criteria of Stolz et al. (1994).
However, there is little evidence that these criteria are valuable for images captured
under epiluminescence. Andreassi et al. state that because of the lack of light
reflection observed with ELM, “this method (ELM) was therefore more reliable
with our system”. It may therefore be assumed that the results quoted apply to the
ELM images. The correctness of this assumption is far from clear in the paper, and
throws uncertainty over the results. Another problem with this paper concerns the
application of algorithms based on the ABCD criteria of Friedman et al. It appears
strange to apply Clinical-view based algorithms to epiluminescence. In spite of these
possible problems, Andreassi et al. report significant differences between melanoma
and benign lesions for most of the algorithms investigated. The differences were
as expected, for example melanomas had higher asymmetry than benign lesions.
Unfortunately, sensitivity and specificity results for this system are not reported.

Gutkowicz-Krusin et al. (1997) reports on an investigation into automated mela-
noma detection based on ELM images, similar to previous reports. Little new work is
presented although they describe perhaps the first set of feature algorithms definitely
based on ELM-criteria, specifically, that reported in Stolz et al. (1994). The image
data set contained 30 images of melanoma and 74 atypical naevi. They report that
the use of a linear classifier trained on a subset of 76 images returned 100% sensitivity
when tested on the remaining 28 images (five melanoma and 23 atypical naevi).
Specificity was 61%. It should be noted that these results are from attempts to

distinguish between melanoma and atypical naevi, which are normally very difficult
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to separate, even at the ELM view.

Horsch et al.’s (1997) research describes another ELM based system. In this system,
algorithmic equivalents of the ‘B’ and ‘C’ components of the ABCD checklist of Stolz
et al. (1994) are used to classify images. Few details on actual implementation of
the algorithms are reported, and results are sketchy. They report that the system
“bought a quality of classification near to that of our human experts”. Little of
substance is reported in this paper, although the work itself may be worthy.

In Menzies et al. (1997) and Bischof et al. (1998), the automated system developed
in conjunction with CSIRO, the Sydney Melanoma Unit and Polartechnics Ltd., is
described. The system is based on ELM images, and proof of concept began in
mid-1994. The first phase system (Menzies et al. 1997) utilised digitised images of
ELM slides and logistic regression techniques. They obtained a sensitivity of 93%
percent and a specificity of 67% percent for this phase, using an image set consisting
of 75 melanoma and 95 atypical benign lesions. Details of the individual feature
algorithms are not presented. In the next phase of this project, a video-capture
system was added to allow real-time processing. Interim results from this prototype
are reported to be between 89 and 100% for sensitivity, and 80 to 84% for specificity.
The image set for this phase included 45 melanoma and 176 atypical benign lesions.
In-situ melanomas, pigmented basal-cell carcinomas and acral-lentiginous lesions

were not included. Again, little detail of the algorithms is reported.

Binder et al. (1998) report on an ELM-based ‘smart’ system that uses an artifi-
cial neural network as a classifier. The major contribution of this research is an
investigation into how well lesions could be separated into three classes, melanoma,
dysplastic naevi and common naevi. Most other papers use two classes (melanoma
and benign), and Binder et al. also present data for the two class problem. The
neural network was trained using 83 randomly selected lesions, and tested on the
remaining 29 lesions. For the two class problem (melanoma versus benign), sen-
sitivity /specificity was reported as 90%/74%, which are similar results to previous
research in this field. For the three class problem (melanoma versus dysplastic naevi
versus common naevi) however, melanoma results (sensitivity/specificity) dropped
to 38%/63%, with dysplastic naevi and common naevi results being similarly poor
(62%/38%, 33%/67% for dysplastic and common naevi respectively). Binder et al.
suggest that such poor results may be indicative of the difficulty of distinguishing be-
tween dysplastic naevi and melanoma. However, they obtained adequate results for
the two class problem. The two class problem results suggest that melanoma were
being distinguished from dysplastic and common naevi and therefore the difficulty

appears to be in distinguishing between dysplastic naevi and benign lesions.

Seidenari et al. (1998) presents similar research with few new contributions. 917
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lesions were included in the study, although only 65 of these were melanoma, and
results are only reported for a 90 image (31 melanoma) subset. The lesions were
segmented and analysed using dedicated image analysis software. Their methodol-
ogy is possibly flawed however, due to the image analysis features chosen. They use
the DBDermoMIPS(r) software, similarly to Andreassi et al. (1995). The problems
noted previously with the work by Andreassi et al. therefore also apply. It should be
noted that Seidenari et al. state “We used a program based on the translation of the
ABCD concept from Nachbar et al. (1994)”. Andreassi et al. (1995) however, do not
mention either of these references, although seemingly use the same software. Unless
the software has been upgraded, there exists an interpretation discrepancy between
these two papers. Although there is some overlap in the ABCD criteria proposed
by Friedman et al. (1985) and the ELM-based criteria of Stolz et al. (1994), it can-
not be expected that software (DBDermoMips) developed for Clinical-view criteria
accurately replicates another set of criteria intended for ELM use.

However, although the features chosen are not obviously based on recognised ELM
features, it is not to say that the features are without merit. As noted above,
there is some overlap in the two ABCD criteria, for example, the asymmetry and
colour features. Seidenari et al. report sensitivity of 93% compared with 81% for an
experienced observer and 74% by the inexperienced observer over the same image
set (90 images, 31 melanoma). It appears to be that the features chosen may be

relevant for analysis of ELM images, based on the results shown.

Seidenari et al. (1999) reports on further developments to the system described by
the previous paper. Using discriminant analysis, they train a classifier on a set of
59 naevi and 19 melanoma. This classifier is then tested using a set of 365 naevi
and 18 melanomas. They report sensitivity on the test set of 100% and specificity
of 92%. The major concerns with this paper are similar to those described above.
With the low number of melanoma, it appears unlikely that these cases represent

the range of features displayed by this disease.

The final paper discussed in this section, that of Landau et al. (1999) is something
of a anomaly, a report on a Clinical-view based system in 1999. The project is
similar in concept to those presented previously, in that pigmented skin lesions are
identified by computer. 71 Clinical-view images are analysed, of which seven are
melanoma. They use the standard deviation of hue as the only feature by which
lesions are classified, and report 92% accuracy in identification of lesions. However,
there are several problems apparent with this paper. Firstly, the low number of
images, and especially the low number of melanoma is a concern. In research such
as this however, lesion image sets are often difficult to obtain. Secondly, there is
little justification for their choice of feature, standard deviation of hue, other than

the importance of colour variegation in clinical assessment of skin lesions. It must be
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noted that hue in a technical sense does not mean colour. For a discussion of colour,
see Chapter 4, Section 4.2.1. The third problem exists because they use standard
deviation of hue as the only feature. Care should therefore be taken to ensure that
the images are obtained under similar conditions. Unfortunately, only rudimentary
measures are taken, and in particular the distance from the camera to the lesion is
not fixed. This lack of standardisation may have an effect on the standard deviation
of hue, and may skew results to an unknown degree. There are obvious problems
with the research reported in this paper, and these problems should be kept in mind
when interpreting the reported results.

2.2.1 Screening? Diagnosis?

Implicitly, all of the automated systems presented above were concerned with di-
agnosis of melanoma, that is, reproducing the perception of pathologists. This is
apparent as only histologically diagnosed lesions were used to train the systems,
and results were reported on the basis of whether the systems reproduced those
histopathology results. Such systems can be referred to as ‘automated diagnosis
systems’. However, Section 2.1.2 made the case for an automated screening sys-
tem. Here, we look at the two concepts, screening and diagnosis, and discuss the

differences.

Current methods of population screening would use a dermatologist or experienced
general practitioner to identify lesions that may be malignant. Pathologists are
not used, as the lesion would need to be excised before pathological examination
could be conducted. A screening system would be required to perform similarly to
the dermatologists, namely to identify lesions that may be malignant. A screening
system therefore, is any system that can be used to identify lesions that may be
malignant. From this definition, it should be apparent that the automated diagnosis

systems reviewed previously are also screening systems.

However, diagnosis systems do not attempt to replicate what occurs in the clini-
cal setting, namely the assessment of lesions by dermatologists. Diagnosis systems
attempt to reproduce the results of pathologists, that is, perform the function of di-
agnosis. This emphasis on reproducing histopathological results (diagnosis systems)
can be considered the current state of automated melanoma detection research (and

hence, automated screening research).

The problem that a diagnosis system is therefore attempting to solve is to distinguish
between melanoma, and benign lesions that ‘look like’ melanoma. If a benign lesion
did not look like melanoma, it appears unlikely that the lesion would have been
excised (excluding other reasons for excision). Therefore, no obviously benign lesions

will be used to train a diagnosis system. When the system is presented with an
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obviously benign lesion, there is no guarantee that the lesion will be classified as
benign. Often however, good results on the arguably more difficult problem of
separating suspicious benign lesions and melanoma is used to infer good results on

the lesion population.

For example, consider the words of Bischof et al. (1998) when reporting the results
of an investigation into a computer-based diagnosis system. They state that “the
results are for a set of lesions that have already been pre-filtered by an expert. The
non-melanomas... were considered sufficiently atypical (as judged by that expert)
to be excised... So the percentage of non-melanomas correctly identified by our
procedure will be much higher than the specificity figures reported here”. In other
words, if ‘typical’ benign lesions were available, the system would perform better.
This conclusion, that if obviously benign lesions were added to the set they would
be easily classified may or may not be true. In fact, it is entirely possible that the
addition of ‘easy to diagnose’ lesions may make the classification task more difficult,

and hence adversely affect the results of the system.

In a diagnosis system, the task of identifying obviously benign lesions is being left to
the clinician, a role which the literature suggests clinicians are extremely capable at
performing. The task of identifying malignant lesions may then be performed with
the assistance of the diagnosis system, which has been trained on lesions of this
nature. In general, the role intended for diagnosis systems is to assist the clinician
with a difficult diagnosis.

For a screening system however, no clinician is available for the task of identifying
obviously benign lesions. The screening system is intended to replace expensive
human expertise, as one of the arguments against screening is that it requires ex-
perienced (expensive) medical personnel. The task of identifying obviously benign
lesions is therefore being left to the screening system. If a diagnosis system was used
in this position, we would have to also train the diagnosis system to recognise lesions
that are obviously benign, as well as lesions that are benign and look like melanoma.
Obviously, the requirement for histological examination for each lesion makes such
a task difficult. Ignoring this difficulty, it appears likely that melanoma have more
visual characteristics in common with benign lesions that appear malignant, than
benign lesions that appear malignant have with obviously benign lesions. Therefore,
the task to separate melanoma from all ‘benign’ lesions may be an incredibly difficult

one.

It appears likely that there is a much larger distinction between obviously benign
lesions and other lesions (melanoma and benign lesions that look like melanoma).
This distinction is what is being modeled by a ‘dermatologists assessment’ system.

What we are suggesting in this research is that developing a model that can separate
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obviously benign lesions from lesions that appear as melanoma (both benign lesions
and actual melanoma) could be useful in the context of a screening system, especially

given the different roles of screening and diagnosis systems.

To summarise, we have shown the need for an automated screening system. The
current use of computers to diagnose skin lesions was reviewed, and we have proposed
an complementary methodology for identifying potentially malignant lesions. It is
proposed that attempting to reproduce the assessment of dermatologists may be

adequate as the basis of a screening system.

2.2.2 Summary of the Thesis Argument

As an aid to early detection of melanoma, an automated screening tool may be
useful. Literature was presented to show the development of ideas in automated

diagnosis systems, and we saw evidence of a shift towards ELM-based research.

It is not clear why this shift occurred. Perhaps it occurred simply because more
clinicians were becoming experienced with ELM techniques. It may also be that
researchers were becoming frustrated with the limitations of analysing Clinical-
view images. These reasons are pure conjecture however. The shift itself may
be justified by research indicating that clinicians experienced in using ELM were
more capable of recognising melanoma. However, it does not necessarily follow that

computer systems will replicate this success.

Dr. Hugues Talbot of the CSIRO in Australia who is part of a team developing an
ELM-based diagnosis system (described in Menzies et al. 1997, Bischof et al. 1998)

wrote:

“The mainstream opinion is that ELM is vastly superior to Clinical-
view in terms of what an automated vision system can do with the im-

~ ages...” (Personal Communications: Talbot 1999)

However, there is little evidence in the literature to support this claim. Schindewolf
et al. (1993b) presents early work comparing the results of a system using the two
types of images. Results were inconclusive, with the Clinical-view based system
giving slightly better results than the ELM-based system. So the thesis question
for this research is: are Clinical-view or ELM images more useful for an automated
screening system for skin lesions? In other words, since the more recent research
focuses on ELM images, ELM images must be better than Clinical-view images in

an automated screening system for skin lesions, given the current state of the field.

The difficulty in establishing a definitive answer to such a thesis question may be

apparent. It would be very difficult to categorically establish the relative usefulness
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of Clinical-view and ELM images over the entire population of lesions. Obviously
such a task is beyond the scope of this research, and probably beyond the scope of
possibility.

Although an answer to the above thesis question may be impossible given resource
limitations, and in particular the limitations of Ph.D. research, a less comprehensive
question may be addressed, and useful answers obtained. In particular, we limit
the scope of the research in two major ways. Firstly, we limit the lesion population
to those lesions obtainable in suitable image sets. These image sets are described
fully in the following chapter. The makeup of the image sets limits the scope of the
results to those particular image sets, and perhaps those image sets that exhibit a

similar distribution of lesion features.

Secondly, we limit the techniques used to create the classification systems in this
research. As there are a large number of techniques that can be used to examine the
data present in images, with no strict guidelines as to suitability, we must choose
algorithms that appear to be relevant to the context of skin lesions, and limit these to
a managable number within the scope of the research. To achieve this, image analysis
techniques are obtained from the current published state of the field or developed
based on recognised human guidelines for identification of malignant lesions.

The refined question can now be rephrased into a thesis argument:

Given the current published state of the field and a limited set of real world
images, ELM-images are more useful in an automated screening system for

skin lesions than Clinical-view images.

As has been pointed out, current work is focussed on diagnosis systems. However,
the question of Clinical-view or ELM images is also important if we are considering
a ‘dermatologist assessment’ system, as described above. Therefore, we look to
investigate this thesis in both the context of diagnosis, similarly to the work of
Schindewolf et al. (1993b), and also in the context of ‘dermatologist assessment’,

which is the replication of dermatologist’s assessment of ‘suspiciousness’.

2.2.3 Thesis Discussion

It may be asked at this stage why it matters which image type is used. The answer
to this question is simply that the goal of these systems is that they perform as
accurately as possible. If one type of image is preferred over another (such as ELM
over Clinical-view), the assumption is made that the preferred image type (ELM)
allows more melanomas to be detected. There is no evidence in the literature to
support such an assumption, and as such, the numbers of melanomas detected by

these systems may be lower than necessary. Another point to note is if one image
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type can be categorically shown to produce better results, efforts in automated
melanoma detection can focus on that image type. Such a reduction in effort may
speed advancement in this field. If however, no such result can be shown, research

into both areas should continue.

As we noted previously, Schindewolf et al. (1993b) looked into a similar question.
However, this research extends on that reported by Schindewolf et al. Most impor-
tantly, the question of Clinical-view versus ELM is also looked at in the context of
reproducing dermatologists’ assessment. This investigation marks a major addition
to the focus of current mainstream thinking, and is a significant contribution of this
research. Also, there are several associated issues with the research by Schindewolf
et al. Firstly, the date of the paper is 1993. Most of the work in computer-based
diagnosis of Clinical-view and ELM images is not covered by this paper. Schindewolf
et al. report no other research into ELM-based image analysis taking place at this

time, and Clinical-view based research is similarly not well represented in the paper.

Another issue with this paper is the lack of reporting of the image-analysis al-
gorithms used. No details are presented and it is unknown whether the results
are simply an artifact of the features chosen. Finally, Schindewolf et al. report
that Clinical-view images perform marginally better (80.7% correct classification)
than dermatoscope images (78.1%), using cross-validated results. Given the pre-
dominance of post-1994 ELM-based literature for diagnosis systems, this conclusion
appears unlikely, and indeed contradicts the thesis argument.

For these reasons, it is therefore considered that this research will make a valuable
contribution to this field, a statement backed up by Dr. Scott Menzies of the Sydney

Melanoma Unit.

“While I have no doubt that ELM will be superior to CV images in
diagnostic algorithms it has never been proven, although Schindewolf
examined it to some extent. So I think your study is worthwhile” (Per-

sonal Communications: Menzies 1998)

2.3 What was actually done in this research?

This research was concerned with comparing the use of Clinical-view and ELM
images in an automated screening system. In order to establish (or otherwise) the
thesis argument, we need to provide two different classifications systems, one for
classifying lesions based on Clinical-view images, and the other for classifying lesions
using ELM images. These systems are based on a set of image analysis algorithms

which provide the data for the classifier. Using these two systems, we can investigate
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the two different techniques of implementing a melanoma screening system that we
have identified.

Figure 2.3: Pictorial summary of the thesis. The question of Clinical-view versus
ELM is looked at in two contexts, automated diagnosis and automated ‘dermatolo-
gist assessment’.

The first technique was the standard diagnosis method reported on by previous lit-
erature. That is, how well histologically confirmed melanoma can be distinguished
from histologically confirmed benign lesions using an automated system. The prob-
lem of automatically classifying lesions into benign and melanoma groups is known

as the diagnosis problem, and is the subject of the first investigation.

The second method was concerned with reproducing the perception of dermatolo-
gists. As has been pointed out previously in this chapter, the major function of
dermatologists is to recommend lesions for excision, not to diagnose lesions. What
we wanted to see was firstly how well we could reproduce the perception of derma-
tologists regarding the decision to excise a skin lesion, and secondly, whether this
reproduction could be better achieved with the Clinical-view or ELM system. This
problem, of reproducing the assessment of excision reached by dermatologists, is
referred to here as the ‘dermatologist assessment’ problem, and is the subject of the

second investigation in this research.

If it can be shown that differences in the performance of the Clinical-view and ELM

systems exist, then we can answer the thesis question with regard to each of these
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two investigations. However, as will be discussed in Chapter 5, there are a number
of limitations that must be placed on the results of this research. Because of these

limitations, the nature of the results will be indicative, rather than definitive.

An additional investigation is also performed in this research. The image analysis
techniques consist of two types. Firstly, we have those that have been presented
in previous research. Secondly, there are those developed in this research based on
human guidelines for melanoma identification. Algorithms were developed where
none were available from previous literature. However, because there are any num-
ber of different techniques that could be used, it was also considered valuable to
provide information into the usefulness of the particular algorithms used here. This
information would allow future researchers to evaluate the results in light of the al-
gorithms used, and would also present guidelines into which algorithms were suitable

for future work.

Therefore, as an adjunct to the main line of research, we also present research
into the algorithms themselves. In particular, we investigate the relationship of
the algorithms to the human perception on which they are based. The algorithms
used in this research are mostly based on human criteria, in particular the ABCD
criterias of Friedman et al. (1985) (Clinical-view) and Stolz et al. (1994) (ELM view).
Therefore, it was considered useful to evaluate how well the algorithms reproduced
human perception of these criteria. This was the third investigation carried out
in this research, The results of this investigation will indicate whether the data
contained in both Clinical-view and ELM images is being captured by the image
analysis algorithms, and will also indicate which set of image analysis algorithms is

‘better’, when compared with the perception of human experts.

To summarise the major steps in this research:

1. Two image sets were obtained for use in developing the systems.

2. Two sets (Clinical-view and ELM) of image analysis algorithms were devel-
oped. Most of these algorithms are based on human guidelines, such as those
presented in Chapter 1. The Clinical-view algorithms are mostly obtained
from previous literature. The ELM algorithms are original variations on pre-
vious algorithms. All together, 20 Clinical-view features and 30 ELM features
were algorithmically measured.

3. The algorithms were applied to the images and results were classified. We
could therefore establish whether in fact the ELM system performed better

than the Clinical-view system.

4. Two sets of investigations were performed. The first investigation set tests

the performance of the Clinical-view and ELM systems when applied to the
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diagnosis problem, that is the problem of identifying melanoma in a set of im-
ages. The second set of investigations assesses how closely each of the systems
can reproduce the assessment of dermatologists. In particular, the systems
are attempting to reproduce the decision to excise a lesion. This problem is

referred to as the ‘dermatologist assessment’ problem.

5. The results of the systems are compared within each investigation. A determi-
nation of whether significant differences in the results of the Clinical-view and
ELM systems for each investigation is then made. The thesis argument is
then resolved given this data, firstly for the diagnosis problem, and then for
the ‘dermatologists assessment’ problem.

6. The image analysis algorithms based on human perception are tested to evalu-
ate whether or not the algorithms reproduced the perception of dermatologists.

2.4 Chapter Summary

In this chapter, some of the relevant literature concerning melanoma has been re-
viewed. It is clear from the literature that melanoma is a problem worldwide, and
the incidence of melanoma is increasing. Early detection of melanoma is crucial
to decreasing mortality rates. Population screening has been proposed, but little
support is gathered in the literature due to the nature of melanoma, costs involved,

and the lack of a reliable method of detection.

However, if an automated method of screening could be developed, costs would
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