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ABSTRACT 

Background 

Melanoma is the most aggressive form of skin cancer and a major public health issue in 

Western Australia. Melanoma is thought to be the result of complex interactions 

between genetic, host and environmental factors. Whilst the major host and 

environmental risk factors have been identified, the genetic determinants and their 

interactions with environmental factors remain largely undefined. Studies designed to 

investigate genetic factors in large, representative and population-based samples are 

required to further elucidate common, low-penetrance melanoma susceptibility genes. 

Studies at the population-level are also required to investigate potential familial cancer 

syndromes and predisposition genes for familial cases of melanoma. 

Scarring is an issue that affects all melanoma patients, as surgical excision is required 

by all patients to remove the tumour. There is marked variation in the aesthetic 

appearance of the resulting scars but limited knowledge regarding the genetic 

determinants of such non-keloid, surgical scar outcomes. Increased knowledge 

regarding these factors may help to identify melanoma patients at risk of poor scar 

outcomes. 

Methods and Results 

Three aims were undertaken as part of this thesis in order to address key aspects of 

melanoma aetiology: melanoma as a complex disease, treatment outcomes following 

melanoma excision, and familial aggregation of melanoma.  

The first aim was the establishment of the Western Australian Melanoma Health Study 

(WAMHS), a population-based case-collection and biospecimen resource designed to 
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investigate the genetic epidemiology of melanoma. All eligible Western Australian, 

adult cases of melanoma diagnosed between January 2006 and September 2009 were 

invited to participate. The final sample consisted of 1,643 consenting cases out of 3,420 

cancer notifications (48.0%), of which 1,455 cases completed one or more components 

of the study. The WAMHS sample did not differ from all eligible melanoma 

notifications with respect to sex, melanoma site, Breslow thickness or Clark’s level but 

the sample was older than the eligible population, with a greater proportion of 

individuals aged 60 - 74 years (p<0.0001). 

The second aim investigated the role of clinical factors and genetic polymorphisms in 

pigmentation and wound repair genes in non-keloid scar outcomes, following melanoma 

excision. Participants were a subset of 202 WAMHS cases who underwent a 

standardized scar assessment. Genetic association analyses between scar outcome and 

single nucleotide polymorphisms (SNPs) from 24 candidate genes were performed. 

Following adjustment for multiple testing, SNP rs8110090 in TGF-β1 was significantly 

associated with both standard scar outcome (p=0.0002, q=0.01) and modified scar 

outcome (p=0.0002, q=0.006) measures. Younger age at scar examination, time elapsed 

since excision, absence of kidney failure and eczema, presence of thyroid problems and 

infection were also associated with poorer scar outcome and were adjusted for in the 

final model, along with scar site.   

The third aim investigated the familial aggregation of melanoma in Western Australian 

families and the co-aggregation of melanoma with other cancers. Population-based 

linked health data were used to identify individuals born between 1974 and 2007, their 

known relatives and all cancer diagnoses within the resulting 1,506,961 individuals. For 

each cancer type, the risk of (i) developing melanoma based on the number of 

first-degree relatives with other cancers, and (ii) developing non-melanoma cancers 

based on the number of first-degree relatives diagnosed with melanoma, was estimated 
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using Cox proportional hazards regression models. Survival analyses were also used to 

compare the risk of melanoma for first-degree relatives of melanoma cases to that for 

first-degree relatives of controls, with bootstrapping used to account for correlations 

within families. An approximately 3.6-fold greater risk of developing melanoma was 

observed for first-degree relatives of melanoma cases compared to those of controls 

(HR=3.58, 95% bootstrap CI=2.43 - 5.43) No evidence was found for co-aggregation 

between melanoma and other cancers.  

Conclusions 

This thesis describes the establishment of a population-based resource for investigating 

the genetic epidemiology of melanoma, as well as studies that have contributed to the 

current body of knowledge regarding melanoma and scar outcome. The WAMHS study 

is novel in its non-family based approach and focus on common, low penetrance genetic 

determinants. This resource will enable further steps to be taken towards understanding 

the complex pathways involved in melanoma. Findings from this thesis suggest that 

genes involved in wound healing may play a role in determining scar outcome. These 

results provide important preliminary evidence for a genetic basis for variation in 

non-keloid scar outcome and contribute to a limited body of research in this area. 

Further, the associations observed between clinical factors and scar outcome serve to 

reinforce current knowledge regarding factors affecting scarring. Results from 

aggregation analyses suggest a strong familial basis for melanoma in the Western 

Australian population. Contrary to other studies, no evidence was found for the 

co-aggregation of melanoma with other cancers. These analyses were novel in an 

Australian population and one of few to be conducted at the population-level 

worldwide. 
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Complex disease: A disease involving a multiple genetic and environmental factors that 

does not exhibit a Mendelian pattern of inheritance.  

Gene: A segment of DNA on a chromosome that is inherited and contains the 

information required to produce a functional product via transcription to RNA and 

translation to amino acids. 

Genotype: The specific combination of alleles at one locus. 

Germline mutation: A mutation occurring in the germ cells (e.g. sperm and oocytes) 

that contain genetic material that may be transmitted to offspring. 

Linkage disequilibrium: The co-occurrence of allele at two or more loci at a frequency 

greater than that expected by chance. 

Locus: The specific place on a chromosome at which a gene is located (multiple: loci). 

Meiosis: The process of successive nuclear divisions and corresponding cell divisions 

that produces gametes, which have one half of the genetic material of the original cell. 

Monogenic: Controlled by or associated with one gene. 

Phenotype: An observable or measurable characteristic or trait of an individual. 

Recombination: The exchange of genetic material between two chromosomes during 

meiosis, generating new chromosomal combinations.  
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Single nucleotide polymorphism: A variation at a specific location in the DNA 

sequence due to a single nucleotide difference between individuals 

Sporadic disease: A non-familial form of disease.  

 



 

1 
   

CHAPTER 1                                            

INTRODUCTION 

1.1.  THESIS RATIONALE 

Primary cutaneous malignant melanoma (melanoma hereafter) is a tumour arising from 

alterations in epidermal melanocytes1. It is the most aggressive form of skin cancer and 

represents a major public health issue in Australia, particularly in Western Australia. 

Australia has the highest incidence of melanoma in the world and Western Australia has 

the second highest incidence of all Australian states2, 3. The cost of treating melanoma 

in Australia from 2000 to 2001 was estimated at about $AU30 million, accounting for 

1% of the total expenditure on cancer.4 The estimated cost associated with primary care 

and hospitalisation of solarium induced melanoma alone (projected to be approximately 

280 new cases a year) is $AU500,000 per annum5. 

Melanoma is thought to be the result of complex interactions between genetic, host and 

environmental factors6-8. Epidemiological research has led to an understanding of the 

major environmental and host risk factors of melanoma, including sun exposure and an 

increased number of naevi9-12. However, the association of host and environmental 

factors with disease prognosis, the genetic determinants of susceptibility and prognosis, 

as well as the complex causal pathways underlying disease aetiology, remain largely 

unknown in melanoma and represent the current direction for melanoma research. A 

greater understanding of these mechanisms may lead to better interventions and control 

of the disease. Studies designed to investigate genetic risk factors in large, 

representative and population-based samples are required to further elucidate common, 

low-penetrance melanoma predisposition variants. 
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A family history of melanoma is one of the key risk factors for melanoma development 

and acts as a surrogate for the genetic and environmental risk factors that are shared 

between family members. Identification of familial aggregation patterns for cancer and 

familial effects on co-aggregation of cancers may also lead to improved knowledge 

regarding mechanisms of disease, assist with identification of familial cancer syndromes 

and provide valuable information about potential melanoma predisposition genes. There 

have been few studies of the familial aggregation of melanoma and its co-aggregation 

with other cancers using population-based samples. Some studies have reported familial 

aggregation of melanoma with cancers such as pancreatic cancer and glioma but limited 

research has been undertaken using the Western Australian population to explore such 

relationships. 

All patients diagnosed with melanoma undergo surgical excision to remove the tumour 

from the skin, typically resulting in fine line scar outcomes. Scar outcome is therefore 

an issue that affects all melanoma patients. The aesthetic appearance of these scars can 

differ greatly between patients and unsatisfactory results can lead to varying degrees of 

psychosocial impairment. A large body of research exists for abnormal scar outcomes, 

such as keloid scars, which are considered distinct from other types of scar outcomes. 

However, little is known about the underlying determinants of non-keloid, surgical scar 

outcomes. Many factors are believed to influence scar formation but the precise 

mechanisms and most influential factors involved are still largely unknown. In 

particular, limited knowledge exists about the genetic factors affecting non-keloid scar 

outcomes following surgery. Knowledge of factors that influence non-keloid scar 

outcomes has the potential to identify patients at risk of poor outcomes, who can then be 

monitored more closely and potentially treated with rigorous scar management 

techniques as they become more available and substantiated. 
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Many questions therefore remain unanswered in the field of melanoma research and the 

overarching theme of this thesis was to investigate the genetic epidemiology of 

melanoma and related aspects of the disease. Genetic epidemiology has been described 

as seeking to, “dissect the relative contributions of genes and environment and to 

identify genes determining susceptibility”13. To explore this theme, three key aspects of 

melanoma were addressed: melanoma as a complex disease, treatment outcomes 

following excision of the malignant lesion, and the familial aggregation of melanoma.  

The first aspect was investigated using a subset of melanoma cases from the Western 

Australian population, who were recruited by the candidate as a research cohort. The 

establishment of the Western Australian Melanoma Health Study addressed the need for 

a large, population-based cohort to investigate melanoma as a complex disease in 

Western Australia. In particular, the study was designed to investigate common genetic 

risk factors underlying melanoma susceptibility and prognosis. The development of the 

Western Australian Melanoma Health Study is presented, along with a detailed 

description of the histopathological, exposure, phenotypic and genetic data collected, 

and descriptive analyses of these data. 

Second, this thesis investigated the factors influencing variation in scar outcome 

post-melanoma excision, to address treatment outcomes in melanoma patients. The 

clinical and genetic risk factors associated with non-keloid scar outcomes were 

investigated in a subset of Western Australian Melanoma Health Study participants. 

Epidemiological analyses investigated the association between scar outcome and 

clinical risk factors such as medical conditions, scar management techniques and time 

elapsed since excision, as well as host factors such as age and pigmentation traits. A 

genetic association study investigated polymorphisms in candidate pigmentation and 

wound repair genes hypothesised to be involved in scar outcome. 
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Finally, the focus of the thesis shifts to the wider population of Western Australian, in 

which the familial nature of melanoma was investigated in terms of aggregation of 

melanoma within families and the co-aggregation of melanoma with other cancers. 

Using longitudinal linked health data sampled from the whole population of Western 

Australia, the risk of developing cancer based on the number of affected first-degree 

relatives was investigated. First, the risk of developing melanoma or other cancers 

based on the number of first-degree relatives with melanoma was considered. Second, 

the risk of developing melanoma based on the number of first-degree relatives with 

other cancers was investigated. Due to the young average age of the sample, the 

emphasis of these analyses was on early-onset cancers and thus the (presumably) more 

heritable component of the disease13.  

1.2. THESIS AIMS 

This thesis addresses the following three specific aims: 

1. Establishment and descriptive analyses of the Western Australian Melanoma 

Health Study. 

2. Investigation into the clinical, host and genetic factors associated with 

non-keloid scarring post melanoma excision, using a subset of participants from 

the Western Australian Melanoma Health Study. 

3. Investigation of the familial aggregation of melanoma and the co-aggregation of 

melanoma with other cancers in the Western Australian population. 

1.3. THESIS STRUCTURE 

The background information and literature review provided in Chapter 2 serves as an 

introduction to the topic area and highlights the need for the research conducted as part 
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of this thesis. The three primary aims of this thesis are then addressed in Chapters 3, 4 

and 5, respectively. The establishment of the Western Australian Melanoma Health 

Study, descriptive analyses of the sample characteristics and a validation of 

self-reported melanoma diagnoses history are presented in Chapter 3. The design and 

implementation of a scarring sub-study of the Western Australian Melanoma Health 

Study is presented in Chapter 4, followed by epidemiological analyses and a genetic 

association study using these data to investigate genetic variants in candidate genes. A 

study using linked health data to investigate the familial aggregation of melanoma and 

the co-aggregation of melanoma with other cancers is presented in Chapter 5. Chapters 

3 and 4 have been published in peer-reviewed scientific journals and published 

manuscripts are included as appendices. Chapter 5 has been prepared for publication. 

Chapters 3 to 5 are expanded versions of the manuscripts, providing additional 

information and descriptive analyses, more detailed methods and results, and further 

discussion. Chapter 6 summarises and discusses the results of these three studies and 

provides a framework for future research. 

. 
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CHAPTER 2                                                     

BACKGROUND AND LITERATURE REVIEW 

2.1.  INTRODUCTION 

Skin cancer exists in the three main forms of basal cell carcinoma, squamous cell 

carcinoma and melanoma14, 15. Basal and squamous cell carcinomas, collectively known 

as non-melanoma skin cancers, are the most common forms of skin cancer16. Basal cell 

carcinomas can cause local tissue damage but rarely metastasize17, 18. Squamous cell 

carcinomas are generally only superficial and remain localised but do have the 

propensity to be infiltrative and metastasize17, 18. In contrast, melanoma is by far the 

most aggressive form of skin cancer. It can metastasize quickly from the primary site to 

other, secondary sites in the body, thereby becoming difficult to treat successfully17. It 

is this latter and most severe form of skin cancer that forms the basis of this thesis. 

This chapter presents an overview of the key concepts relevant to this thesis. 

Background information on the known underlying biology of melanoma and the wound 

healing and scarring processes are summarised, along with a review of the literature on 

the epidemiology of melanoma and scarring. The review focuses on the genetic risk 

factors for melanoma and the potential genetic risk factors for scarring based on the 

molecular processes underpinning wound healing, with a summary of other 

environmental and host risk factors also presented. 

2.2. MELANOMA 

2.2.1. Biology 

Melanoma is a tumour arising from alterations in epidermal melanocytes1. Melanocytes 

synthesise the pigment melanin, which gives skin, hair and eyes their specific colour19. 
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Melanin is housed in organelles called melanosomes and is produced in two forms: 

eumelanin, which provides the brown/black pigmentation, and pheomelanin, which 

provides the red/yellow colouration11, 19, 20. An individual’s pigmentation is determined 

by the proportion of eumelanin and pheomelanin present, the rate at which these 

constituents are synthesised by melanocytes, and the rate at which melanosomes are 

transferred from melanocytes to the keratinocytes (the key structural cells in the 

epidermis)19. 

Abnormal growth in melanocytes signals the initial stage of melanoma development. 

Tumours arise both de novo and from existing naevi (moles), with histological studies 

estimating that tumours develop from pre-existing malignant naevi in up to 25 - 30% of 

cases21, 22. Progression of the melanocytic cells through the cutaneous layers signals 

advancement of the disease in various stages. Clark et al.23-25 have described, and 

refined, a five stage model of melanoma progression that is based on the level of 

invasion through the epidermis. The model details the progressive aberrant growth of 

melanocytes, with a biphasic growth pattern of initial radial growth and subsequent 

vertical growth, and a corresponding increase in metastatic risk26, 27.  

2.2.2. Incidence 

2.2.2.1. Worldwide and Australian incidence 

The incidence of melanoma has been increasing worldwide since 1960 and is 

continuing to rise, particularly in Caucasian populations of European descent10. This 

global trend is also reflected in Australian statistics, where the incidence rate has 

increased for both males and females between 1982 and 2008, as shown in Figure 2.128. 

The rates presented in this figure and all subsequent rates presented in this section are 

age-standardised using the World Standard Population, to allow comparison across 

countries with different age structures2, 28. The age-standardised incidence rate for males 
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almost doubled over the 26 year period between 1982 and 2008, from 23.0 per 100,000 

males to 45.3 per 100,000 males28. In females, the rate increased by 40%, from 22.7 per 

100,000 females to 31.7 per 100,000 females28. It is unlikely that underlying biological 

mechanisms would have changed over this time period, so the increasing rates are more 

likely to be related to changes in behaviour or exposure.  

 

 

Figure 2.1: Age-standardised melanoma incidence rates in Australia for males and 
females, between 1982 and 2008 [from data obtained from the Australian Institute of 

Health and Welfare28] 

 

Over the last several decades, the incidence rate for males has risen more steeply than in 

females. In 2008 males were 1.4 times more likely than females to be diagnosed with 

melanoma3. This may be due to differences in behaviour-related sun exposure patterns 

between males and females and a subsequent increase in exposure for males, or to other, 

unknown sex-specific factors. As with the observed overall increase in incidence, the 

observation that the difference between male and female incidence has become more 
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prominent over time suggests changing environmental exposures rather than a change in 

underlying biological mechanisms. 

Environmental and behavioural factors that could explain the increase in incidence 

include increased levels of sun exposure (a key environmental risk factor; detailed in 

Section 2.2.5), higher levels of solar ultraviolet radiation (UVR) penetrating the ozone 

layer over time, or increased sun-seeking behaviour. It has been debated, however, 

whether there has been a true increase in incidence or an artificial increase10, 29, 30. It 

may be that increased awareness about melanoma, increased clinical vigilance and 

improved detection and surveillance over time, with a concurrent increase in diagnosis 

of disease, has influenced incidence rate reporting10, 29, 31. Incidence rate estimates may 

also be inflated by higher detection rates of clinically inconsequential tumours, that 

whilst histologically malignant are biologically benign and would not have progressed 

to an advanced stage if left untreated10, 29, 31. A corresponding increase that has been 

observed in the incidence of in situ melanoma, at a higher rate than invasive melanoma 

in some cases, would appear to support this hypothesis10, 32, 33.  

Behaviour-related sun exposure may also explain the sex differences observed in the 

site distribution of melanoma. Males are more likely to develop melanomas on their 

head, neck or trunk, whilst females are most commonly diagnosed with the disease on 

their upper or lower limbs10, 15, 34. These site-specific differences in males and females 

are commonly attributed to patterns of exposure to the sun. Males tend to expose their 

trunk region when outdoors or swimming, and are more prone to hair loss on their 

heads, which minimises protection of the scalp15. Conversely, females are more likely 

expose their limbs than their trunks when outdoors, reflected by a higher proportion of 

melanomas on the arms or legs15, 34. 
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Male and female melanoma incidence rates for a representative selection of countries 

are presented in Figure 2.2. Australia has the highest incidence of melanoma in the 

world2. In 2007, melanoma was the fourth most commonly reported cancer in Australia 

after prostate, bowel and breast cancers3. There were 5,980 cases diagnosed in males 

across the country and 4,362 cases in females3. In 2008, the age-standardised incidence 

rate for males and females combined was 36.7 per 100,000 persons2. In comparison, 

rates in the United States of America were less than half of this, at 14.2 per 100,000 

persons, and almost a third of this in the United Kingdom, at 12.5 per 100,000 persons2.  

 

 

Figure 2.2: 2008 age-standardised melanoma incidence rates for males and females in 
selected countries worldwide [from data obtained via GLOBOCAN2] 
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New Zealand is the only country with an incidence of melanoma that is comparable to 

Australia, with an incident rate of 36.2 per 100,000 persons in 20082. This may be due 

to the geographical proximity of the two countries and a potentially shared effect of the 

Southern hole in the ozone layer on increased solar UVR exposure, although the effect 

of ozone depletion on melanoma incidence has been debated35, 36. As will be discussed 

in Section 2.2.5, sun exposure and UVR are known risk factors for melanoma. The 

significantly higher incidence of melanoma in both Australia and New Zealand 

compared with other countries is often attributed to a considerably more intense level of 

solar UVR. In addition, there are vast differences in the proportion of individuals in 

each of these populations with an innate susceptibility to melanoma, due to host risk 

factors such as skin type, as will be discussed in Section 2.2.5. The increased proportion 

of individuals of Celtic-descent, and thus with very fair skin, in Australia and New 

Zealand, coupled with the higher degree of solar UVR exposure, may also explain the 

higher incidence of the disease in these countries.  

Differences between incidence rates were also observed worldwide between males and 

females, although the patterns differ geographically (Figure 2.2). Rates in Australia, 

New Zealand, the United States of America, Canada and South Africa are higher for 

males, whilst in the United Kingdom and many other European countries, especially 

Denmark, females have a higher incidence rate or a rate that is equivalent to that in 

males. It is unclear why these geographic differences exist. 

2.2.2.2. Western Australian incidence 

Western Australia has the second highest incidence of melanoma in Australia behind 

Queensland3. Further, melanoma has historically been one of the most common cancers 

diagnosed in Western Australia. Overall, between 1999 and 2009, melanoma was the 

third most common cancer in both males and females annually37-46. Over the last 10 

years it accounted for, on average, 12.9% and 11.5% of all incident cancers annually in 
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males and females, respectively37-46. The most recent data from Western Australia 

indicate that in 2010, melanoma was the third most common incident cancer in males 

(10.3% of all incident cancers), behind prostate cancer (30.0%) and colorectal cancer 

(12.2%)47. Similarly, it was the fourth most common incident cancer in females (8.3% 

of all incident cancers), following breast (31.0%), colorectal (12.1%) and lung (8.4%) 

cancers47. 

Differences between male and female incidence rates that have been observed 

nationally have also been seen in Western Australia. The 2010 age-standardised 

incidence rate for males in Western Australian was 38.0 per 100,000 males, whilst the 

rate for females was substantially less, at 23.4 per 100,000 females47. This trend has 

been observed consistently over the last decade, as shown in Figure 2.3. Again, these 

differences are likely to be related to sex-specific sun exposure patterns. 

 

 

Figure 2.3: Age-standardised melanoma incidence rates in Western Australia for males 
and females, between 2000 and 2010 [from data obtained from the Western Australian 

Cancer Registry37-47] 
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Age-specific trends in melanoma incidence have also been observed. Melanoma is more 

commonly diagnosed in older individuals (65 years and over) than younger individuals 

(15 - 39 years). However, considering all cancers diagnosed in younger individuals, it is 

the cancer most likely to be diagnosed, making melanoma a public health issue for 

individuals of all ages within the population. In 2010, melanoma was one of the most 

frequently diagnosed cancers in Western Australian individuals aged between 15 and 39 

years, (Figure 2.4 and Figure 2.5)47.  

 

 

Figure 2.4: 2010 incidence of common cancer types for males in Western Australia47 
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Prior to 2009, melanoma was also the most common cancer in females of the same age 

but since then, breast cancer incidence has increased in this group47. 

 

 

Figure 2.5: 2010 incidence of common cancer types for females in Western Australia47 
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melanoma48, 49. Clark’s level is generally considered to be a secondary measure of 

prognosis and is only considered an independent predictor for thin melanomas, which 

are defined as those with a Breslow thickness less than 1 mm48, 50.  

Early detection is critical to survival for melanoma, with thin melanomas generally 

having a good prognosis. Thicker melanomas are less common but have a poorer 

prognosis, as metastatic disease is more likely when tumours invade deeper into the 

skin. However, whilst rare, some patients with thin melanomas do go on to develop 

metastatic disease, presenting a clinically challenging subset of patients to treat51.  

Studies from Australia and the United States of America have shown that excision of a 

melanoma tumour when less than 1 mm thick confers between a 91 - 99% probability of 

five-year survival48, 52-54. Conversely, tumours greater than 4 mm can have five-year 

survival rate as low as 55%48, 52-54. A study of Western Australian survival rates 

conducted on cases from 1980 to 1981, found a 20-fold increased risk of mortality for 

individuals with a  tumour thickness greater than 4 mm54. The 10-year survival rates for 

thin melanomas are also high, with estimates between 83% and 96% from various 

studies48, 52, 55. However, the 10-survival probability drops as low as 32% for tumours 

thicker than 4 mm48, 52. 

Ulceration of the tumour, which correlates with mitotic rate, has been found to be 

significantly associated with  survival, with 10-year survival rates up to 22% higher in 

thick, un-ulcerated tumours48, 52, 55. Survival rates also decrease with increasing age at 

diagnosis, independent of other prognostic factors52, 53, 56. Balch et al.52 found an 

incremental decrease in both five and 10 year survival estimates with each additional 

decade of age, postulating that this may be related to diminished defence mechanisms in 

older individuals. The same study found males and individuals with melanoma on the 
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trunk, head or neck had a poorer prognosis than females or individuals with melanoma 

on the extremities53. 

In Western Australia, melanoma was the sixth most common cause of cancer death in 

males in 2008, accounting for 4.0% of all cancer-related deaths, and the 13th most 

common in females, accounting for 2.1% of all cancer-related deaths45. However, the 

mortality rate for melanoma is comparatively lower than that of other common cancers 

in Australia3. Other common cancers such as lung, prostate and breast cancers have high 

mortality rates that correspond with high incidence rates3. Whilst melanoma has 

relatively high incidence rates, mortality rates are substantially lower than those of other 

cancers.  

Similarly, melanoma mortality rates worldwide do not reflect the differences observed 

in incidence rates between nations. In 2008, the age-standardised mortality rate was 4.7 

per 100,000 in Australian men and 2.1 per 100,000 in Australian women (Figure 2.6)2. 

In comparison, mortality rates in the United Kingdom were 2.3 per 100,000 males and 

1.5 per 100,000 females2. Therefore, whilst the incidence rate of melanoma for United 

Kingdom males was approximately one quarter of that observed for Australian males, 

the disparity in mortality was less, with the rate in the United Kingdom approximately 

half that of the Australian rate. Similarly the incidence for Australian females was 2.4 

times that of females in the United Kingdom, yet the mortality rate was only 1.4-fold 

higher2. The reason for this disparity is not definitively known but is likely attributable 

to the prominence of skin cancer prevention programs in Australia. Whilst Australia has 

a much higher incidence of melanoma, there is also likely to be a corresponding 

heightened awareness of the cancer due to public health campaigns and prevention 

programmes instigated to combat the high incidence. This may subsequently result in 

earlier detection of the disease and thus better prognosis than in countries with a lower 

incidence. 
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Figure 2.6: 2008 age-standardised melanoma mortality rates for males and females in 
selected countries worldwide [from data obtained via GLOBOCAN2] 
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2.2.4. Detection and Treatment 

The ‘ABCDE’ system is generally recognised as the standard method of identifying 

potential melanoma tumours49. This system identifies the following features or changes 

in a lesion: asymmetry; an irregular border; variation in colour; growth in diameter; or 

evolution (representing a change in appearance or symptoms, such as itching)49, 59. 

Lesions containing some or all of these features are potentially malignant and are 

biopsied or excised for histopathological examination and diagnosis49. Complete, 

excisional biopsy is recommended for the majority of lesions, as histopathological 

features necessary for a diagnosis may be missed when using partial biopsy approaches 

such as punch or shave biopsies18, 49. Partial biopsies are only considered appropriate 

when complete excision is not practical49. For example, when lesions are large or occur 

on body sites where excision is considered difficult, such as over large areas of the 

face49. 

The standard treatment for melanoma is excision of the lesion from the skin49, 60. There 

is considerable debate about what constitutes a sufficient excision margin, with no clear 

consensus reached to date. As will be discussed in subsequent sections, wide excision 

margins can result in poor scar outcomes and have implications cosmetically and 

functionally, so are therefore not advocated unnecessarily. Recommended excision 

margins at the beginning of the 20th Century were traditionally a 5 cm margin of normal 

skin from the border of the lesion61. However, these have been revised considerably 

over time such that the most recent guidelines in Australia recommend a margin of 1 cm 

for tumours up to 1 mm thick, a minimum margin of 1cm and a maximum of 2 cm for 

tumours between 1 mm – 4 mm thick, and a 2 cm margin for tumours greater than 4 mm 

thick49.  Margins were initially determined primarily in relation to survival but there is 

now consideration of their influence on the risk of local recurrence49, 61, 62. There is still 
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debate regarding the minimal excision margins that can be safely implemented without 

increasing risk of local recurrence60, 61. 

For most patients with melanoma, excision of the lesion is all that is required. Once the 

tumour has metastasized there are limited therapeutic options, although very recently 

targeted therapy using drugs that target gene changes in melanoma have shown some 

promise. These therapeutic cancer vaccines represent one of the most intensely 

investigated therapeutic interventions in melanoma research50. The aim of these 

vaccines is usually to induce tumour regression or prevent tumour recurrence50. For 

example, v-raf murine sarcoma viral oncogene homolog B1 (BRAF) inhibitors target 

specific mutations in the mitogen-activated protein kinase (MAPK) pathway (detailed in 

Section 2.2.7.3) and act to inhibit the action of mutated BRAF variants, reducing cell 

proliferation and enabling cell apoptosis63-65. Unfortunately, whilst they hold great 

potential, the results to date have been largely disappointing64. 

The following sections present a review of the literature regarding the host, 

environmental and genetic factors that may influence the development of melanoma. 

2.2.5. Host Risk Factors 

2.2.5.1. Naevi 

Naevi are benign collections of melanocytes and the number of naevi have been 

implicated in numerous studies as the most important risk factor for melanoma, with an 

increased number of naevi associated with an increased risk of disease10-12, 66. A 

meta-analysis has shown that individuals with more than 100 normal naevi are at an 

almost seven times greater risk than individuals with few (n≤15) naevi67. The increase 

in risk is also thought to be incremental and proportional to the number of naevi 

present11, 68. It has been shown that the presence of 11 - 25 naevi conferred a 1.5-fold 

increase in risk compared with less than 10 naevi, and this risk doubled with each 
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additional 25 naevi11.  The size of the actual naevus also increases the risk of melanoma, 

especially those greater than 20 mm in diameter11. Given the majority of melanoma 

cases arise de novo, it is thought that high numbers of naevi are a marker for melanoma 

risk, as opposed to the naevi themselves posing a risk for development into malignant 

melanocytic lesions68. 

Dysplastic or atypical naevi are also associated with an increased risk of melanoma. 

This subset of naevi are typified by cytological abnormality, with one definition 

requiring a macular component to at least one area of the lesion and at least three of 

either: an ill-defined border, an uneven contour, the presence of erythema, variations in 

colour or size greater than 5 mm11, 69. Individuals with only one atypical lesion are 

already at a 1.6 times greater risk of melanoma, increasing to a 10-fold greater risk with 

the presence of five or more dysplastic naevi69. 

Atypical mole syndrome (also known as dysplastic naevus syndrome or familial 

atypical multiple mole and melanoma syndrome) is a rare phenotype defined by at least 

two atypical naevi, high numbers (n>100) of normal naevi and naevi on unusual body 

sites, such as the scalp, soles of the feet, buttocks or breasts11, 66. Individuals with 

atypical mole syndrome, especially in conjunction with a family history of melanoma, 

are at an even greater risk of melanoma. Statistics have shown that this syndrome puts 

individuals at a 100 times greater risk of developing melanoma and that approximately 

half of people affected develop melanoma11. 

The exact nature of the role of naevi in melanoma development and progression is yet to 

be fully understood. This is likely to be, in part, because the factors affecting naevi 

development and expression are also complex and yet to be fully elucidated. A study of 

adult twins in the United Kingdom found that the contribution of genetic factors to 

naevi expression more than doubled with age and was mediated by sun exposure70. 
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Naevi on body sites regularly exposed to the sun had a smaller genetic contribution to 

variance than naevi on sun-protected sites, suggesting a greater environmental effect of 

sun exposure on the development of these naevi70. Two comparative studies that were 

conducted using adolescent twins from Australia and the United Kingdom found that 

the emergence of naevi in both study populations was predominantly attributable to 

genetic factors, despite the variation in UV exposure71, 72. The increased environmental 

effect of sun exposure in Australia did appear to affect the expression of these genes 

though, with an increase in the average number of naevi observed in Australian 

adolescents compared to those from the United Kingdom, particularly on sun exposed 

sites71, 72. However, this did not affect the observed magnitude of the genetic variance71, 

72. 

An interaction between sun exposure and naevi has been observed in various other 

studies10. A study of Australian children found that increased sun exposure in childhood 

was significantly associated with an increased number of naevi73. A separate study of 

German adults found that intense, intermittent sun exposure in childhood or adolescence 

that was characterised by sunburn, was significantly associated with high naevus counts 

and the occurrence of atypical naevi74. The authors suggested that sun exposure may 

induce naevi development, which subsequently affects risk of melanoma74.  

Whiteman et al.75 have put forward a hypothesis for two divergent pathways for 

melanoma development on differing body sites. They propose that some individuals are 

prone to melanoma due to chronic sun exposure and are therefore more likely to 

develop melanoma on body sites regularly exposed to the sun, like the face75. 

Alternatively, other individuals with a  propensity for melanocytic instability are at risk 

of developing melanoma via a proliferative melanocytic pathway, characterised by 

dysplastic or high numbers of naevi10, 75. The authors predict that melanoma 

development in the latter group of individuals is instigated early in life by sun exposure 
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and then driven by other risk factors75. They are therefore more likely to develop 

melanoma on body sites not chronically exposed to sunlight and more prone to unstable 

melanocytic development, such as the trunk75. Supporting this theory are findings from 

an Italian study75, 76. Both studies found individuals with melanoma on the head or face 

significantly more likely to have fewer naevi and, conversely, individuals with 

melanoma on the trunk more likely to have high naevus counts75, 76.  

2.2.5.2. Pigmentation 

Pigmentation characteristics are well-established host risk factors for melanoma, with 

skin, eye and hair colour all known to be associated with susceptibility. An inversely 

proportional relationship exists between melanoma risk and degree of skin 

pigmentation10, 15, 68. Fair-skinned individuals confer a much higher risk than 

dark-skinned individuals, such that risk estimates in individuals of non-European 

descent are up to 10 - 20 fold less than in individuals of European descent12, 66.  

Skin reaction to the sun is also a predictor of melanoma risk, such that skin that freckles 

easily, has a tendency to burn or an inability to tan also increases an individual’s 

propensity for the disease 12, 68, 77. Some authors have hypothesised that skin reaction 

contributes less to melanoma risk than actual skin colour, whilst others have postulated 

that skin reaction is a better predictor of risk15, 68. Analytically, skin reactivity has been 

shown to be a strong, independent predictor of susceptibility to melanoma and may also 

be a more robust measure of pigmentation due to the issues surrounding accurate 

measurement of skin pigmentation within and across studies12, 15. 

A meta-analysis of case-control studies by Bliss et al.78 showed that both fair skin types 

and a high degree of freckling were associated with a two-fold increase in risk of 

developing melanoma, independent of each other, hair colour and number of naevi. The 

effect of freckling on risk was notably mediated by age, with a much higher risk found 
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in those less than 40 years of age78. This could be related to the stronger predictive 

effect of sun exposure in childhood and adolescence, with degree of freckling acting as 

a marker for degree of sun exposure. 

Bliss et al.’s meta-analysis 78, along with numerous other epidemiological studies11, 12, 

found an increased risk of melanoma amongst individuals with red or blonde coloured 

hair, or blue or green eye colour. Whilst Bliss et al. found hair and eye colour to be 

independent risk factors for melanoma, Gandini et al.69 have queried whether the 

association of these traits is completely independent of skin colour. Whilst clearly 

associated with melanoma, they argue that it cannot be a causal relationship and that 

they are likely risk factors for the disease due to their correlation with skin 

pigmentation69. Furthermore, as eye and hair colour are less prone to misclassification 

or recall biases than measurements of skin colour or skin reaction to the sun, they may 

represent a more accurate marker of overall pigmentation traits, strengthening their 

association with melanoma susceptibility69. 

As with many factors affecting melanoma risk, the relationship with pigmentation 

characteristics is complicated and still not clearly understood. Further complexities lie 

in the known and potential underlying genetic variants associated with pigmentation, as 

will be discussed in Section 2.2.7.2. 

2.2.5.3. Family history 

Melanoma often aggregates strongly within families and a family history of the disease 

is one of the key risk factors for melanoma development11, 12, 66, 69, 79. Family history acts 

as a surrogate for shared genetic risk factors and common exposures between family 

members and can be defined as at least two first-degree relatives with the disease12. The 

increased risk of melanoma in family members of affected individuals may suggest a 

hereditary component to the disease, although it has been recognised that the 
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contribution of non-genetic factors common to family members may be understated and 

also contribute to the observed familial aggregation of the disease10, 80. A large 

Australian twin study showed a much stronger correlation in melanoma occurrence 

between monozygotic twins than between dizygotic twins81. This and other studies have 

shown that an estimated 18 - 55% of the total liability of melanoma risk is due to 

genetic factors81-83. 

Recent estimates suggest that a family history of melanoma is associated with an 

approximately two-fold increase in an individual’s risk of melanoma development11, 69. 

Some authors have proposed that at least some of the aggregation in families may be 

due to shared genetically determined risk factors for the disease, such as pigmentation 

characteristics84. Conversely, a study by Ford et al.85 found that this two-fold increase in 

risk was independent of shared family factors such as skin pigmentation, hair and eye 

colour and naevus counts, that may have explained the observed increase in risk.  

Familial or inherited melanoma is thought to account for about 5 - 10% of all melanoma 

cases and individuals with a genetic predisposition to the disease usually exhibit distinct 

clinical features 8, 10, 11, 79, 86. Cases with a family history of melanoma are more likely to 

develop multiple melanomas, have an earlier date of diagnosis, thinner melanomas and 

a better disease prognosis, possibly due to an increased awareness and thus more 

rigorous surveillance6, 10-12. Individuals with a positive family history of melanoma also 

have a higher occurrence of non-melanoma skin cancers than individuals with the 

non-familial form of the disease10. 

2.2.6. Environmental Risk Factors 

Sun exposure has been established as the primary environmental risk factor for 

melanoma, with estimates that between 68 - 90% of cases could be related to sun 

exposure87. Whilst the relationship between sun exposure and melanoma risk is 
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complex, the association is generally considered to equate to UVR exposure (UVA and 

UVB), which has a carcinogenic and mutation-inducing effect on DNA10, 14, 34.  The 

evidence linking sun exposure to melanoma incidence is indirect and has been gained 

from epidemiological and ecological studies of latitude, migration and case-control 

studies8, 10, 68.  

2.2.6.1. Ambient and direct solar UVR exposure  

Ecological latitude studies have found that a gradient for melanoma incidence exists 

amongst susceptible (fair-skinned) populations, such that incidence increases with 

decreasing latitude and rates are highest closest to the Equator10, 11, 34. These studies take 

into account inferred ambient UVR exposure in various geographical locations, which 

increases in intensity with proximity to the equator34, 88. This latitudinal gradient 

suggests that melanoma incidence increases by 5% for each degree of latitude towards 

the equator34. The latitudinal gradient in incidence has also been modelled against 

ambient exposure at given latitudes to suggest that for every 1% increase in UVR over a 

lifetime, there is an associated 1 - 2% increase in melanoma risk68, 89. It has been argued 

that these ecological studies are confounded by corresponding increases in temperature 

and day light hours, which are likely to promote behaviour-related exposure68. 

Individuals may spend longer outdoors and with less protective clothing, which may 

both increase their risk and lead to an overestimation of the risk attributed purely to 

latitude66, 68. Inconsistencies in this pattern have been observed for some populations, 

which may be explained by geographical gradients related to ethnicity, such as darker 

skinned individuals inhabiting southern regions of some European countries, although 

this cannot explain all variation observed10, 15.  

The timing and pattern of sun exposure have also been recognized as important factors 

for melanoma risk, although there has been much debate over these two aspects of sun 

exposure15. Migration studies first highlighted the importance of the timing of exposure, 
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with observations suggesting the possibility of a “critical period” of sun exposure34. An 

age-specific effect of migration has often been found between countries of differing 

ambient solar UVR levels. Studies of forward migration from areas of low to high 

exposure showed a significantly decreased risk of melanoma in individuals who 

migrated as adults, whilst childhood migrants developed melanoma at a rate similar to 

those in their adopted country15, 34, 90, 91. This inverse relationship between melanoma 

risk and age at arrival may be due to length of duration, such that those migrating later 

in life are exposed to the higher levels of solar UVR for fewer years15. However, many 

studies have found this relationship to hold independent of length of duration, 

suggesting that exposure in early years may be a greater determinant of risk15, 34. For 

example, individuals migrating to Australia between the ages of 15 to 19 developed 

melanoma at a rate one-quarter of that observed in native-born Australians but this 

decrease in risk did not diminish any further with later age of arrive in the country91.  

Whiteman et al.92 conducted a comprehensive review of ecological (ambient exposure) 

and case-control (personal history) studies assessing risk related to at least two age 

periods, and found that sun exposure in childhood was a strong predictor of melanoma 

risk. This finding may suggest that UVR programs cells at an early stage of life92. 

However, this study and others have also suggested that sun exposure in adulthood is an 

important risk factor, confirming that the role of sun exposure in melanoma 

development is complex10, 92. 

With regards to patterns of sun exposure, a meta-analysis by Elwood and Jopson89 

found that intermittent (e.g. recreational or vacation) exposure had a significant 

association with increased melanoma risk, whilst heavy occupational sun exposure had 

a significantly reduced risk. This supports an “intermittent exposure” hypothesis, which 

proposes that periodic rather than regular sun exposure is an important factor 

influencing melanoma development. Numerous other studies and meta-analyses have 
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also shown an intermittent pattern of exposure contributes to increased risk of 

melanoma10, 11, 93, 94. Furthermore, it has also been suggested that regular, often 

cumulative and occupational, sun exposure may actually reduce the risk of melanoma89, 

90, 93.  

2.2.6.2. Artificial UVR exposure 

Research has suggested that solarium use is associated with an increased risk of 

developing melanoma, with higher risks observed in individuals using solariums for the 

first time at a younger age 95-97. Increased sunbed use has also been associated with a 

higher risk of early-onset melanoma, which may provide further evidence for an age-

specific effect of UVR exposure97. A recent meta-analysis also found a dose-response 

relationship such that risk increased by 1.8% for every sunbed session undertaken95.  

Sunbed use has been regulated by a voluntary code of practice in Australia from 2004, 

with operators encouraged to ban use in persons under 15 years of age and of fair skin 

types, as well as limiting the strength of UV emission5. Following heightened media 

attention in 2007, Victorian, South Australian and Western Australian governments 

introduced legislation to regulate the industry. This legislation bans the use of solariums 

in persons under 18 or with fair skin and enforces training for solarium operators5. 

2.2.6.3. Sunburn 

Studies have also associated sunburn with an increased risk of melanoma, with a history 

of sunburn shown to double an individual’s risk11, 90, 98. Risk may be mediated by age, 

with sunburn in childhood conferring a higher risk than in adulthood in some studies89, 

90, 99. It has been argued that sunburn does not play a causative role in the development 

of melanoma though, nor is it directly implicated in a causative pathway10. It is thought 

that sunburn is more likely to act as a marker for high levels of sun exposure, overall 
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and during critical periods, or for a susceptible skin type that has a propensity to burn10, 

98. 

In summary, sun exposure and the host risk factors described in the previous section are 

well established risk factors for melanoma, although the precise mechanisms through 

which they act upon melanoma susceptibility are not yet known. As with other complex 

diseases though, melanoma is thought to arise from interactions between host, 

environmental and genetic risk factors. The genetic risk factors for melanoma are less 

clearly understood, as will be discussed in the next section.  

2.2.7. Genetic Risk Factors 

2.2.7.1. High-penetrance familial risk variants 

As with many complex diseases, initial studies into the genetic causes of melanoma 

used linkage analyses within selected families to identify genes associated with the 

disease. Linkage analysis exploits the principal of linkage, such that syntenic loci are 

inherited together and thus may be observed to be genetically linked100. During the 

process of meiosis, recombination occurs, where portions of the maternal chromosome 

combine with portions of the paternal chromosome, to form a new, hybrid chromosome. 

The basis of linkage analysis is that recombination events occur between genetic loci at 

a rate related to the physical distance between the loci on the chromosome, such that 

loci that are physically close to each other tend to be inherited together. The aim of 

analyses is to identify marker loci that co-segregate with disease in families in order to 

infer the position of the disease locus. The underlying assumption is that the more 

frequently affected family members have a particular genetic marker in common, the 

more likely it is that this marker locus is located within close physical distance to the 

disease locus100, 101.  These hereditary forms of disease are due to germline mutations 

that are transmitted from parents to offspring102. 
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The design of linkage studies enables the detection of rare genetic variants that are 

usually highly penetrant and convey large effect sizes103, 104. The penetrance of a genetic 

mutation refers to the proportion of mutation-carrying individuals who develop the 

disease, or exhibit the phenotype, with which the mutation is associated. A mutation is 

said to have complete penetrance if all individuals who carry the variant develop the 

disease and is denoted with a penetrance value of approximately 1.0.  

To date, linkage analyses have led to the discovery of only two relatively 

high-penetrance susceptibility genes in melanoma-prone families; Cyclin-dependent 

kinase inhibitor 2A (CDKN2A) and Cyclin-dependent kinase 4 (CDK4)8, 105-107. 

CDKN2A is located on chromosome 9p21 and encodes two tumour suppressor proteins, 

p16(INK4A) and p14(ARF), which have been shown to have a role in cell cycle regulation 

and senescence108. Alternative splicing of two separate exons and translation in two 

separate reading frames (INK4A and ARF) gives rise to the two separate proteins109, 110. 

Mutations in CDKN2A have an autosomal dominant pattern of inheritance, with 

multiple individuals affected in one generation11.  Germline mutations in CDKN2A were 

discovered in melanoma-prone families in 1994, and the p16 and p14 mutations have 

been found to be strongly associated with familial melanoma, with mutations in p16 

estimated to account for up to 20 - 25% of the hereditary form of the disease8, 111-113. 

Proteins p16 and p14 have also been found to have mutations in 10 - 60% of sporadic 

melanomas108. 

The p16(INK4A) protein acts as a tumour suppressor by negatively regulating cell cycle 

progression by cellular arrest113-115. It binds to and inhibits kinases associated with 

cyclin D complexes, including CDK4, which then stimulates G1 cell-cycle arrest114, 116. 

Mutations to CDKN2A that affect p16 expression and impair these interactions can 

therefore result in unrestricted cell growth and tumour proliferation115. There is no clear 

conclusion, however, as to whether p16 acts during the early stages of melanoma 
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development as well as in later progression109. The p14(ARF) protein plays a role in 

activating the p53 apoptosis pathway and mutations in this protein have been found to 

inhibit its function in successfully inhibiting cell growth 117. Mutations affecting p14 

usually affect p16 simultaneously, with p14-specific mutations considered relatively 

rare117, 118. 

The penetrance of CDKN2A is known to be somewhat incomplete, with previous 

penetrance estimates between 14% and 68%, and is modified by environmental and 

other host factors111, 119-121. An American study found that up to half of CDKN2A 

mutation carriers in the sample were unaffected with melanoma, whilst other 

multi-national and European studies found penetrance was modified by age, 

geographical location and the presence and number of dysplastic naevi111, 119-122. When 

estimates of age-specific cumulative incidence were used to estimate the penetrance of 

CDKN2A mutations in a population-based context, the percentage of mutations carriers 

diagnosed with melanoma at age 80 years was consistently higher than the percentage 

diagnosed at age 50 years111, 120, 121. The effects of environmental interactions with 

CDKN2A mutations are discussed further in Section 2.2.8. Other genetic factors are also 

thought to modulate risk of melanoma in CDKN2A mutation carriers. The presence of 

melanocortin-1 receptor (MC1R, a low-penetrance melanoma susceptibility gene) 

variants have been shown to modify the penetrance and increase risk of melanoma in 

some melanoma families with CDKN2A mutations116, 119, 122.  

CDK4, an oncogene located on chromosome 12q13, was identified in 1996 as another 

melanoma susceptibility gene123. Mutations in CDK4 alleles result in the encoded 

proteins functioning as dominant oncogenes and promoting cell growth, as they are no 

longer sensitive to inhibitors such as p16 113, 115, 124. Mutations in CDK4 have only been 

found in three families to date123, 125. The activating mutations in CDK4 are less 

common than the inactivating mutations of CDKN2A115. The rarity of CDK4 mutations 
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was demonstrated by Della Torre et al.115 in a study of 15 Italian melanoma families 

that found only one third of families to have a CDKN2A and none with a CDK4 

mutation115.  

Together, CDKN2A and CDK4 mutations account for only a small proportion of 

familial melanoma cases reported to date, which indicates that other melanoma genes 

and mechanisms underlying susceptibility remain to be discovered. Furthermore, 

melanoma cases that occur in familial clusters such these are rare, with less than 10% of 

all melanoma cases thought to occur in families with an inherited predisposition due to 

germline mutations8, 10, 79, 86. Genetic susceptibility variants that are implicated in large 

melanoma families are thus likely to have a much smaller role in population-based 

melanoma cases8. As linkage studies are best suited to detect rare variants, there has 

been limited success in their application to melanoma and other complex diseases, 

despite producing notable results for many monogenic diseases, such as cystic fibrosis 

and muscular dystrophy100, 126-128. Alternative methods have therefore been required to 

identify additional genetic determinants of melanoma and understand the genetic 

architecture of disease beyond high-penetrance, germline mutations. 

2.2.7.2. Common low-penetrance risk variants 

Advances in genetic study design and the advent of high-throughput DNA genotyping 

and sequencing technologies have enabled the introduction of genetic association study 

designs to address the shortfalls of linkage studies in analysing complex disease. 

Association studies provide a mechanism through which to investigate the potential 

association of complex diseases, such as melanoma, with common, low-penetrance 

genetic variants that confer a small to modest effect103, 104. These variants are generally 

associated with sporadic forms of disease in genetically predisposed individuals102, 129. 

Multiple genes, each with a small individual effect, and their interactions with each 

other and with environmental effects are likely to account for the majority of complex 
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disease cases130, 131. A focus of association studies is the identification of single 

nucleotide polymorphisms (single nucleotide changes in a gene that result in a different 

allele) in common low-penetrance genes potentially associated with disease 

susceptibility, prognosis or response to treatment. 

The design of association studies enables the detection of associations between genetic 

variants and disease at a population level, by exploiting the concept of linkage 

disequilibrium. Linkage disequilibrium can be defined as a “deviation of the frequency 

of the co-occurrence of certain alleles at two or more neighbouring (linked) loci from 

that expected from their individual frequencies in the population”132. In other words, 

some SNPs are highly correlated with each other and are not considered independent of 

each other, making them likely to be inherited together and in linkage disequilibrium. 

SNPs that are physically in close proximity are more likely to be in linkage 

disequilibrium133. Where linkage studies employ the concept of recombination to 

measure co-segregation of genetic loci within families, association studies measure 

co-segregation of alleles across families, within populations100.  

Candidate SNPs may be used in candidate gene analyses because they are hypothesised 

to be causal variants, or because they are in linkage disequilibrium with other SNPs in 

that genomic region and can therefore act as proxies for multiple variants. The latter are 

often referred to as marker SNPs and their use allows a high degree of variation to be 

captured whilst typing a minimal number of SNPs. Therefore, identifying associations 

between SNPs and disease traits enables ascertainment of potentially causative variants, 

or variants in strong linkage disequilibrium with potentially causative variants100.  

Despite a large amount of research into genetic factors predisposing to melanoma, 

relatively few factors associated with susceptibility or prognosis in individuals with 

non-familial forms of melanoma have been identified134. The most notable common, 
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low/moderate-penetrance melanoma susceptibility gene identified is MC1R, located on 

the long arm of chromosome 16 at 16q24.3. MC1R has a critical role in the type of 

melanin produced by melanocytes, both eumelanin and pheomelanin, and variants of 

this gene have been associated with fair skin, inability to tan and red hair, which are all 

known melanoma risk factors135, 136. A number of studies in various populations have 

subsequently found variants in this gene to be associated with melanoma risk137-144.  

MC1R is highly polymorphic, with more than 80 variants described in the literature, and 

the interactions between MC1R, skin and hair colour, and melanoma are complex137, 145. 

The precise role of MC1R in melanoma susceptibility is still not clearly understood and 

it has been hypothesised that it may act through both pigmentation and 

non-pigmentation associated pathways, with various studies reporting an association 

with melanoma risk independent of pigmentation traits137, 140, 142, 144 146. Results from a 

study in an Australian population suggest that MC1R variants may also increase the risk 

of melanoma in individuals with darker skin, possibly overriding the protection darker 

pigmentation usually affords137.  

Furthermore, as pigmentation is a polygenic trait itself, other pigmentation genes that 

interact with and modify MC1R expression may also be implicated in melanoma 

susceptibility pathways. For example, the oculocutaneous albinism II (OCA2) gene has 

been found to explain the majority of variation in human eye colour and germline 

mutations in the gene are associated with a form of albinism147, 148. Some evidence 

exists for an interaction between alleles of OCA2 with MC1R alleles in determining 

pigmentation characteristics149. In addition, variants in OCA2 may be independently 

associated with melanoma susceptibility, with a combination of two SNPs in the gene 

showing the strongest association with melanoma risk in those tested148. 
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Genetic variants not directly related to pigmentation have also been implicated, to some 

degree, in melanoma predisposition. A case-control study in small population of 

melanoma cases at high risk of metastases found a significant association between 

melanoma susceptibility and the X-ray repair cross-complementing protein 3 (XRCC3) 

gene150. This gene encodes proteins involved in DNA repair functions, which likely 

play a role in the repair of UV-induced damage to cells150. Although this finding has not 

yet been replicated and may only be relevant to a subset of aggressive melanoma cases, 

it presents a plausible pathway for UV-induced melanoma development. 

Variants in MC1R and XRCC3 were initially identified by candidate gene analyses, 

where specific SNPs are selected from candidate genes hypothesised to be associated 

with the disease in question135. More recently, we have seen the advent of genome-wide 

association studies (GWAS). This approach involves genotyping hundreds of thousands 

of SNPs across the entire genome to identify common SNPs associated with the trait of 

interest131. The availability of dense genotyping chips that contain hundreds of 

thousands of SNPs, and thus provide good coverage of most of the human genome, 

have made genotyping of thousands of samples at once both financially and technically 

feasible126. In GWAS, SNPs that are in linkage disequilibrium with a number of other 

SNPs, as identified by the HapMap and related projects, are preselected on arrays131, 133, 

151. Significant, replicated associations detected between these marker SNPs and traits 

are considered markers of a genomic region that may influence disease risk152. As with 

candidate gene-based association studies, these associations cannot necessarily be 

considered causal. Compared to the hypothesis-driven candidate gene approach, GWAS 

are considered to be largely hypothesis free. 

GWAS have become an important step in the gene mapping process, with successful 

applications of the technique shown in studies of diseases like age-related macular 

degeneration and common diseases such as diabetes126, 153, 154. This methodology has 
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recently been applied with some success to melanoma, with new melanoma risk loci 

identified and replicated in separate studies.  

Brown et al.155 conducted the first GWAS for melanoma susceptibility in 2008 and 

identified a new melanoma risk locus on chromosome 20 (20q11.22) in Australian cases 

and controls. Follow-up genotyping on highly ranked SNPs from the GWAS in 

additional Australian cases and controls replicated these findings155. Further validation 

of these findings is now required from different geographical locations in Australia and 

internationally. 

Bishop et al.146 also performed one of the early melanoma GWAS, using Australian and 

European melanoma cases and population-based controls to identify three new loci 

associated with melanoma susceptibility. Polymorphisms at loci at 16q24 (in which 

MC1R sits), 11q14-q21 (in which the tyrosinase (TYR) gene sits) and 9p21 (adjacent to 

where the methylthioadenosine phosphorylase (MTAP) gene and CDKN2A sit) were all 

replicated in two additional cohorts of European descent from Australian and European 

samples146. As discussed, MC1R is associated with known melanoma risk factors; 

pigmentation, freckling and sun sensitivity, as is the TYR gene146. A SNP reaching 

genome-wide significance was located near each of these genes, with the signal from 

the SNP at the MC1R locus shown in a previous pigmentation GWAS to be explained 

by functional MC1R variants146, 156. The third variant fell within the MTAP gene, which 

had not previously been associated with melanoma146. In the same year, some of the 

same authors showed via GWAS in a different study sample that variants at the same 

9p21 locus in the promoter regions of the MTAP gene were also associated with number 

of naevi, as well as separately replicating an association with melanoma risk157. An 

additional loci at 22q13.1, encompassing the phospholipase A2, group VI (PLA2G6) 

gene, was also associated with both naevi and melanoma susceptibility157. 
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A GWAS in 2008 identified and replicated variants in the two-pore segment channel 2 

(TPCN2) gene and at the agouti signalling protein (ASIP) gene locus that were 

associated with pigmentation in European individuals158. Two coding SNPs in the 

exonic region of TPCN2 were found to be associated with hair colour158. An extended 

haplotype that covered multiple genes, including ASIP, was tagged by a two-SNP 

haplotype that was associated with (red) hair colour, as well as degree of freckling and 

sun sensitivity of the skin, based on the Fitzpatrick scale158-160. Haplotypes are 

combinations of alleles on the same chromosome that are closely linked and inherited 

together161. Another study by the same authors also found this ASIP locus haplotype, 

along with a coding SNP related to eye colour and tanning response in the tyrosinase 

(TYR) gene, and a SNP related to eye colour in the tyrosinase related protein 1 (TYRP1), 

to all be independently associated with increased melanoma risk following adjustment 

for pigmentation characteristics162. The enduring association after taking reported 

pigmentation phenotypes into account may be because the phenotypes were 

self-reported and were therefore not accurate enough to correlate with the associated 

genetic component. Alternatively, it may be that the risk conferred by these genes is not 

directly due to their association with pigmentation traits162. 

One of the most recent GWAS to be conducted identified an additional susceptibility 

locus at 1q21.3, a genomic region encoding 10 genes, in Australian individuals163. 

Results were also replicated in three independent samples from Europe and the United 

States of America. A number of these genes have previously been associated with 

cancer, cancer pathways or expressed in melanoma cell lines or normal human 

melanocytes, providing plausible candidates for melanoma susceptibility163. In 

particular, the lysine 9-specific histone methyltransferase SETDB1 (SETDB1) located in 

this region has previously been associated with melanoma development in zebrafish163, 

164. Unlike most previously identified variants, those identified at this locus have no 
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known association with pigmentation or naevi, which may suggest alternative pathways 

for melanoma development163.  

Another recent GWAS by Barrett et al.165 also identified novel loci that are not known 

to be involved in pigmentation or naevi development. SNPs in the ataxia–telangiectasia-

mutated (ATM) gene and the homologs of myxovirus resistance 2 (MX2) gene, as well 

as a SNP adjacent to the caspase 8 (CASP8) gene were all associated with melanoma 

susceptibility in discovery and replication cohorts165. ATM encodes a protein involved 

in the repair of double stranded DNA breaks and has previously been associated with a 

number of other cancer types165. Little is known about the role of MX2 but it has not 

previously been associated with cancer susceptibility165. CASP8 encoded proteins play a 

key role in controlling cell proliferation by inducing apoptosis and variants in the gene 

have previously been associated with breast cancer risk165, 166. Both of these recent 

GWAS also replicated a number of previously reported associations with melanoma risk 

loci. It may be that the denser SNP coverage on the arrays used or the potentially higher 

power of these studies enabled the identification of additional non-pigmentation or 

naevi-related variants, which may represent novel mechanisms for influencing 

melanoma development105, 163, 165. 

A slightly different approach was recently employed with a GWAS conducted in related 

melanoma cases from high-risk families in Utah and genotypically matched controls 

from a publicly available database compiled by Illumina167. Three SNPs in 10q25.1 

region achieved genome-wide statistical significance in association with melanoma 

susceptibility. However, the region is not in close proximity with any known genes, 

indicating the SNPs are likely to be in linkage disequilibrium with other, potentially 

causal variants of interest167. 
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Despite many encouraging results from initial GWAS for melanoma and other diseases, 

this approach has still only been able to identify a small proportion of the existing 

genetic variation168, 169. It has been suggested that the remaining genetic contribution is 

from rarer variants that are just below the threshold of detection in current association 

study designs168. There is emerging interest in the field in family-based association 

studies as a way to combine the benefits of both linkage and association analyses. 

Combining family-based linkage studies with association studies is being offered as a 

way of identifying the full range of genetic variants contributing to disease 

susceptibility100. The aim of this type of study design is to identify rare variants that 

may only exist within one family, such that the missing proportion of genetic variation 

is explained by different variants in each family100. 

Next generation sequencing represents another new direction for gene and mutation 

discovery in melanoma and other complex diseases. This approach involves the recently 

conceived approaches of whole genome and exome sequencing, where the entire 

genome or all exonic (functional) regions of the genome are sequenced at an individual 

level. Targeted deep sequencing of genetic regions found to be associated with 

melanoma in association studies is likely to be a more affordable approach in the 

short-term. Sequencing of specific regions of interest mapped in association studies will 

be valuable in further isolating genes or variants underlying predisposition to the 

disease104. These methods are largely beyond the scope of this thesis but are in the early 

stages of implementation in melanoma research and represent the basis of future work 

required in the field. 

A brief example of the application of some of these contemporary methods to 

melanoma and their integration with more traditional methodology is presented in a 

comprehensive study by Yokoyama et al.170. Whole genome sequencing in a melanoma 

case identified a SNP in the microphthalmia-associated transcription factor (MITF); a 
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factor required for normal melanocyte development and with regulatory functions in 

genes involved in various stages of melanocyte progression, regulation and production 

of pigment170, 171.  Sequencing and linkage analysis in the individual’s family and other 

carrier families found the variant to be of incomplete, medium-penetrance. Genotyping 

and association analyses in four large case-control samples (two from Australia and two 

from the United Kingdom) found melanoma cases significantly more likely to have the 

variant170.  

The research that has been conducted to date on the genetic determinants of melanoma 

susceptibility, particularly for non-familial cases, highlights the fact that these factors 

are yet to be fully understood. Progress has been made towards identifying common, 

low-penetrance genetic loci and variants that likely account for the remainder of 

melanoma cases, including MC1R, MTAP, TPCN2, ASIP, TYR, TYRP1, ATM and MX2. 

However, further research is required to fully elucidate the exact role that many of these 

variants play in melanoma susceptibility. Further predisposition variants also remain to 

be identified, as well as their interactions with each other, and with known host and 

environmental risk factors. Similarly, the underlying genetic determinants of melanoma 

progression also remain to be fully understood, as will be discussed in the following 

section. 

2.2.7.3. Common prognostic risk variants 

Conflicting reports exist for the association and potential role of epidermal growth 

factor (EGF) in melanoma development. A small study by Shahbazi et al.172 found a 

significant increase in Breslow thickness (a surrogate marker of prognosis) and risk of 

melanoma in individuals with the G allele in a SNP (guanine to adenine substitution) at 

position 61. A subsequent study of similar size also found the same allele to be 

implicated with melanoma prognosis, such that it was associated with a shorter 

disease-free period and decreased overall survival173. Randersoon-Moor et al.174 found 
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some degree of evidence for the A61G polymorphism as a prognostic marker in the 

opposite direction, such that the G allele was associated with a reduced Breslow 

thickness but no association with melanoma susceptibility. Other studies have also 

found conflicting results for an association with this allele and melanoma prognosis and 

susceptibility 175, 176. Due to its proliferative effect in epidermal tissue, a potential 

mechanism by which EGF influences melanoma progression is via stimulatory effect on 

melanoma cells134, 173. Supporting this is the finding from an in-vitro study, in which 

cells from individuals with G allele in genotype (A/G or G/G) produced significantly 

higher levels of EGF172.  

Studies in melanoma tissue samples have identified mutations in BRAF that may 

influence prognosis. The RAS/RAF/MAPK pathway is a signalling cascade through 

which extracellular signals are transmitted to the nucleus, regulating cell 

proliferation177-180. BRAF encodes a serine/threonine kinase that regulates processes 

such as cell growth, differentiation and apoptosis, and acts within this pathway by 

transferring regulatory signals from RAS to MAPK177, 180, 181. Somatic BRAF mutations 

have been found in primary and metastatic melanoma tumour tissue, with up to 70% of 

examined tumours containing a mutation177, 180-183. The exact role of BRAF in melanoma 

has been debated, with involvement in both initiation and progression of the disease put 

forward to explain the association177. Thomas et al.180 found BRAF mutations in both 

thin and thick melanoma samples, supporting a potential role in various stages of 

melanoma development. The occurrence of tandem mutations in thin melanomas as well 

as thick tumours suggests they arise simultaneously and early in the development 

process, rather than progressively180. Various studies suggest that mutations in BRAF or 

NRAS often activate the RAS/RAF/MAPK pathway, which then stimulates the 

proliferation and invasion of malignant melanocytes177. The activation of BRAF which 

initiates this process is thought to occur early in the developmental process of 
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melanomas that arise from benign naevi177. BRAF mutations have also been associated 

with benign naevi, which lends weight to the hypothesis that variants of this gene are 

involved in the early development of melanoma181.  

Dong et al.184, however, found a higher incidence of mutations in vertical growth phase 

melanomas than in radial growth phase tumours, suggesting a role in promoting 

progression. Further support for this premise comes from the fact that whilst frequently 

found in melanoma tissue samples, less evidence exists for an association between 

BRAF mutations and melanoma susceptibility. For example, Laud et al.179 found no 

statistically significant difference in the frequency of BRAF mutations between 

melanoma cases and controls, nor any co-segregation of the variants with melanoma in 

11 melanoma families. Using a much larger sample, James et al.178 found only a weak 

association between BRAF variants and melanoma predisposition. There have also been 

inconsistent findings for a relationship between MC1R and BRAF, adding further 

complexity to the role of BRAF in melanoma development and progression185. 

The literature therefore suggests that whilst some evidence exists for the role of genes 

like EGF and BRAF in melanoma prognosis, the results are inconsistent and the exact 

nature of their role is still unclear. The complex nature of melanoma suggests that 

numerous, interacting genes will be involved not only in the development of the disease 

but also in its progression.  

2.2.8. Gene-Environment Interactions 

Gene-environment interactions are commonly thought to play a role in melanoma 

development, and specifically, interactions between sun exposure and susceptibility 

genes. Yet historically, it has been difficult to conduct studies designed to investigate 

this phenomenon due to the limited knowledge regarding genetic risk factors and the 

inaccuracies that frequently occur in the collection of sun exposure data8. The 
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establishment of international consortia in recent years along with growing 

collaborative efforts, more standardised collection of epidemiological data and growing 

knowledge regarding the genetic determinants of melanoma have led to the emergence 

of studies investigating gene-environment interactions involved in melanoma 

development8, 111, 186, 187. 

For example, a study led by the Melanoma Genetics Consortium found that the 

penetrance of CDKN2A varied across eight geographic regions in Australia, Europe and 

the United States of America, increasing proportionally with a greater population 

incidence of melanoma111. The authors surmise that the factors influencing differences 

in population incidence may also mediate the penetrance of CDKN2A111. As differences 

in incidence are largely attributed to varying levels of UVR, these results suggest that 

interactions between sun exposure and CDKN2A may lead to increased penetrance of 

the gene in regions with higher levels of UVR111, 188.  Conversely, studies by Begg et 

al.120 and Cust et al.121 found no evidence for differences in CDKN2A penetrance across 

geographic regions. The study by Begg et al.120 compared differences in penetrance 

between study populations in Australia and in the United States of America. Cust121 and 

colleagues used several study populations from Australia and one in England and made 

comparisons both between countries and within the different geographic regions of 

Australia. Neither study found that CDKN2A penetrance was higher in geographic 

regions of higher ambient UVR, contradicting previous findings that ambient UVR may 

increase the risk of melanoma further in CDKN2A mutation carriers.  

Berwick et al.186 investigated gene-environment interactions in CDKN2A mutation 

carriers using various measures of sun exposure across eight study populations from 

Australia, Canada, Europe and the United States of America. As well as ambient UVR 

measures, sun exposure was estimated by quantitative estimates of recreational 

exposure and sunburn history186. No statistically significant multiplicative interactions 
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were observed between various sun exposure measures and CDKN2A mutations, 

concluding that their associations with melanoma risk are not related186. Further, 

analyses stratified by mutation status did not demonstrate any additional increase in risk 

due to sun exposure, such that melanoma risk in those with a CDKN2A mutation was 

not associated with increased levels of sun exposure186. 

As these examples demonstrate, evidence to date has been varied from studies 

investigating interactions between sun exposure and CDKN2A mutations, one of the 

known genetic risk factors for melanoma, and their subsequent role in melanoma 

development. A number of reasons have been proposed to explain the lack of 

consistency in these findings, including differences in study designs, sample sizes or 

statistical methods used by investigators, as well as inherent differences that may exist 

between the study populations120, 186. Further research is therefore required to elucidate 

whether a relationship between sun exposure and CDKN2A mutations that influences 

melanoma risk exists, as well as the nature of this association. More generally, studies 

are required to determine whether greater levels of sun exposure further increases the 

risk of developing melanoma in any genetically susceptible individual, not just those 

with the specific CDKN2A mutations that have been the focus of most research to date. 

2.2.9. Co-aggregation of Melanoma with Other Cancers 

A family history of melanoma is one of the key risk factors for melanoma development 

and acts as a proxy for the genetic and environmental risk factors that are shared 

between family members. Identification of familial effects on the co-aggregation of 

melanoma with other cancers may lead to improved knowledge regarding mechanisms 

of disease, assist with identification of familial cancer syndromes and provide valuable 

information about potential predisposition genes for familial cases of melanoma.  
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Varying degrees of evidence exist for the familial co-aggregation of melanoma with 

other cancers. Larson et al.189 found an increased risk for development of melanoma and 

various cancers amongst 30,504 first-degree relatives of 4,079 melanoma cases in the 

Utah population. Associated cancers included non-Hodgkin’s lymphoma, multiple 

myeloma and prostate, breast and colon cancers189. In the same population, an increased 

risk of melanoma in first-degree relatives of 16,744 prostate cancer cases has also been 

observed, compared with estimated incidence rates calculated within the cohort of 2.5 

million individuals190. In a subset of the Utah population comprising probands born 

prior to 1972 and their relatives, Teerlink et al.191 found an increased risk of breast, 

prostate, lip and female genital cancers in the relatives of melanoma cases. Compared 

with the cohort estimated rates, the study also found these associations in the opposite 

direction, such that, for example, relatives of breast cancer cases were also at an 

increased risk of melanoma191. 

A study using linked cancer and extensive genealogy data for 32,534 individuals in the 

Icelandic population found evidence for the co-aggregation of melanoma with several 

cancers192. The strongest associations were with kidney and prostate cancer cases, with 

first to fifth degree relatives (considered all together) of individuals diagnosed with 

these cancers at a significantly increased risk of developing melanoma192. Risk in each 

degree of relative was also assessed separately and an increased risk of developing 

melanoma was also observed in  relatives of  breast, lung, stomach, thyroid, pancreatic, 

rectal, brain, oesophageal or leukaemia cases, although these associations were less 

statistically significant192. 

Using a similar data linkage system in Sweden that incorporates cancer diagnoses and 

links between parents, offspring and siblings, Hemminki et al.193 observed an increased 

risk of melanoma in individuals who had a parent or sibling diagnosed with prostate 

cancer. The risk was not present in the reverse, however, such that individuals who had 
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a parent or sibling diagnosed with melanoma were not at an increased risk of prostate 

cancer193.  This may suggest that a true association between melanoma and prostate 

cancer was not observed, or that the younger age of the proband reduced their risk of 

prostate cancer in the latter analyses, resulting in a null association.  

The population-based genealogical resources and linked cancer data available in Utah, 

Iceland and Sweden lend themselves to well-powered population level studies. The 

number of population-based linked datasets such as these, however, are limited and the 

majority of studies investigating familial co-aggregations of cancers have been 

conducted as substantially smaller, and often less robust, family-based studies. For 

example, a study in the United States of America found an increased risk of melanoma 

in the first-degree relatives of 1,476 glioma patients, compared to population-based 

expected rates, using self-reported family history with validated diagnoses194. 

One of the most widely reported associations with melanoma is pancreatic cancer, with 

a number of studies reporting co-aggregation of the two cancers in some form. 

Associations have primarily been observed in families affected with mutations in 

CDKN2A or the proteins it encodes, especially p16INK4. Early studies conducted in small 

numbers of kindreds (n<20) highlighted the possibility of common genetic mutations 

co-segregating with these two cancers. Goldstein et al.195 found an increased risk of 

pancreatic cancer in melanoma families with p16 allele mutations that affect function, 

compared with those with the wildtype or non-functionality impairing alleles. Whelan et 

al.196 reported the co-segregation of a Gly93Trp mutation in the CDKN2 gene with 

several cancer types, predominantly melanoma and pancreatic cancers. within one 

family. The Gly93Trp mutation is one of the missense mutations found to affect 

pancreatic cancer risk in Goldstein et al.’s195 study.  
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Investigating 14 melanoma families, Ghiorzo et al.197 also found an association with 

pancreatic cancer in families with a glycine to tryptophan mutation (Gly101Trp), with 

higher than expected rates compared with the regional incidence rates. Further, they 

observed more cases of pancreatic and breast cancer in melanoma families in general, 

regardless of p16 mutation status, compared with expected rates from the regional 

incidence197. A study of 22 Dutch melanoma families with the p16-Leiden mutation in 

CDKN2A found an overall increased risk of various other cancers in mutation carriers, 

which was likely to be largely attributable to the 47-fold increased risk of pancreatic 

cancer in these individuals198.  

Maubec et al.199 found that the presence of a CDKN2A mutation in melanoma families 

was associated with a pancreatic cancer diagnosis in one or more family members, 

although this was mediated by the extent of melanoma clustering within the family. The 

association was only significant in 96 families with three or more melanoma cases, and 

not in those with two or less. A recent descriptive study observed a CDKN2A mutation 

in six out of 28 familial pancreatic cancer families, half of whom also had melanoma 

cases within the family200. 

A significantly increased risk of pancreatic cancer has also been found amongst 

melanoma families with a CDKN2A mutation, compared with melanoma families free 

of mutations in CDKN2A201. The 466 families from various international centres 

included in analyses comprise the largest known melanoma family collection with at 

least three melanoma cases per family, and is likely the most robust family study to 

date. Borg et al.’s202 study of 52 familial melanoma families also found higher rates of 

both pancreatic and breast cancers in families with a p16INK4mutation.  

One of the only other studies to use population-based ascertainment of cases, although 

not via linked data, was conducted by Mukherjee et al.203. They found an overall 
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increased risk of all non-melanoma cancers combined and gastrointestinal cancers in 

429 first-degree relatives of 65 CDKN2A mutation positive melanoma cases, compared 

with the 23,452 relatives of the 3,537 mutation-free cases203. When cancer types were 

analysed separately, only the association with pancreatic cancer remained significant203.  

A possible modality for the association between melanoma and pancreatic cancer is via 

pancreatitis associated protein I (PAP-1), a secretory stress protein found in pancreas 

affected with pancreatitis, as well as gastric and colon cancer tissue204. Provisional 

findings have suggested that PAP-1 can modify adhesion and migration properties in 

melanocytic cells, which may suggest a role in melanoma progression204.  

In summary, the literature shows that with the exception of a few studies, the majority 

of research into familial co-aggregation of different cancer types has been conducted in 

relatively small family studies. Studies investigating the co-aggregation of melanoma 

with other cancers in population-based samples therefore represent a direction for 

melanoma research. It is also worth noting that in the large, population-based studies 

that have been conducted, relative risks were calculated by comparing observed cancer 

incidence for relatives with estimated cancer risks for the study or general population. 

Determination of risk based on the actual incidence in relatives of melanoma cases and 

unaffected individuals may present a novel way to investigate co-aggregation in large 

samples.  

2.2.10. Summary 

The incidence of melanoma has steadily risen in Australia over the last 50 years, 

particularly in males. Australia has the highest incidence of melanoma in the world and 

Western Australia has the second highest incidence in Australia behind Queensland. 

Mortality rates from melanoma in Australia are disproportionate to the incidence 

though, which may suggest that a heightened awareness of the disease results in earlier 
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detection and increased survival. Prognosis is primarily dependent on the thickness of 

the tumour, with the risk of metastasis increasing with greater tumour thickness. The 

primary treatment for melanoma is excision of the lesion and the surrounding skin and 

tissue. Additional therapeutic options are limited, although targeted gene therapy is an 

emerging focus of many trials.  

Solar UVR exposure has been established as the primary environmental risk factor for 

melanoma, with sun exposure in early years thought to be a greater predictor of risk. 

Intermittent rather than regular, occupational sun exposure is also thought to contribute 

to an increased risk. Known host risk factors are an increased number of naevi, a 

positive family history of the disease and pigmentation characteristics that include fair 

skin with a propensity to burn and inability to tan, a high degree of freckling, fair hair 

and pale eyes.  

Some genetic risk factors have also been associated with melanoma susceptibility. To 

date, two high-penetrance genes (CDKN2A and CDK4) have been identified, as well as 

number of common, low-penetrance variants, the most notable of which are mutations 

in the pigmentation gene, MC1R. SNPs in OCA2 and XRCC3 have also been associated 

with melanoma risk, initially from candidate gene studies. Subsequent GWAS have 

identified SNPs in genes such as MTAP, TPCN2, ASIP, TYR, TYRP1, ATM and MX2 

that were associated with melanoma susceptibility, as well as in genetic loci at 

20q11.22, 16q24, 1q21.3, 10q25.1. More contemporary methods of sequencing, 

combined with linkage and association analyses, have also identified risk variants in the 

MITF gene. Further research is still required to understand the precise role of the 

polymorphisms that have been associated with melanoma susceptibility to date, 

determine specific variants within loci associated with the disease, as well as identify 

additional risk-associated variants and investigate their interactions with environmental 

risk factors. Despite the commonly cited hypothesis that gene-environment interactions 
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are likely to contribute to the risk of melanoma, strong evidence is yet to be presented in 

support of an interaction between sun exposure and genetic factors associated with 

melanoma risk. 

Studies investigating the familial co-aggregation of melanoma with other cancers have 

mostly been conducted in small family studies and have provided varying degrees of 

evidence for associations with cancers that include glioma, non-Hodgkin’s lymphoma, 

multiple myeloma, leukaemia pancreatic, prostate, breast, colon, lip, kidney, lung, 

stomach, thyroid,  rectal, oesophageal and female genital cancers. Research into the 

familial co-aggregation of different cancer types and their shared inheritance may lead 

to the identification of susceptibility genes for familial cancer syndromes that involve 

familial melanoma.  

Detection of genetic determinants of melanoma susceptibility has the potential to enable 

identification of individuals at high risk of the disease, which in turn could lead to 

increased clinical surveillance, earlier detection and improved prognosis in these 

individuals. Understanding the biological mechanisms underlying the development and 

progression of melanoma may also result in more successful targeted gene therapies.  

Treatment outcomes for melanoma patients is also an area of research that warrants 

further investigation. The following section addresses scar outcomes in melanoma 

patients, following excision of the melanoma tumour. A greater understanding of the 

biological mechanisms involved in the scarring process and the genetic determinants of 

non-keloid, surgical scars may lead to improved aesthetic outcomes for melanoma 

patients at risk of poor scarring. 
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2.3. SCARRING POST MELANOMA EXCISION 

Scarring is the body’s natural response to cutaneous injury, with every wound resulting 

in a scar. As discussed, the standard treatment for melanoma is wide, local excision of 

the skin and the subcutaneous tissue around the tumour. All patients diagnosed with 

melanoma undergo this procedure and are subsequently left with a scar. Scar outcome is 

therefore an issue that affects all melanoma patients. A broad spectrum of scar outcomes 

exist and the potential implications for the patient are widespread, including functional, 

psychological and cosmetic problems205.  

Despite extensive characterisation of the wound healing process, the precise mechanism 

underlying variation in scar outcome between patients is not well understood. There is a 

high level of variation in the aesthetic appearance of scars following surgery but little 

evidence for host and environmental factors, common genes of modest effect and the 

interaction between these factors, which may influence scar severity.  

2.3.1. Wound Healing 

Following any injury that causes a disruption to the normal structure and function of the 

skin’s architecture, the process of wound repair commences206, 207. There are three key 

phases that occur in the acute wound healing process; inflammation, proliferation and 

remodelling208-210. They are not distinct, linear phases but rather interrelated processes 

that overlap in time, with highly regulated cellular and molecular events involving 

numerous cell types, soluble mediators and extracellular matrices208, 210, 211. Wound 

healing is a complex and multi-faceted process, with multiple opportunities for error. 

An understanding of the wound healing process is an important step in investigating 

potential biological mechanisms that may influence the resulting scar.  
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2.3.1.1.  Phase 1: Inflammation  

The initial phase of repair is initiated immediately after tissue injury and involves 

haemostasis and an inflammatory response208, 212. First, a blood clot is formed to stem 

the bleeding from severed blood vessels and provide a protective barrier against bacteria 

and toxins205, 208, 210. The injured blood vessels vasoconstrict to limit haemorrhaging and 

haemostasis is then secured by activation of the clotting cascade by the endothelium and 

nearby platelets, stimulating the formation of the clot, or platelet plug208, 211. The clot  

comprises collagen, platelets, thrombin and fibronectin208, 213. The activated platelets in 

the clot release cytokines and growth factors that initiate the inflammatory response208, 

211, 212. Growth factors include platelet derived growth factor (PDGF) and transforming 

growth factor-beta (TGF-β), which attract macrophages and fibroblasts to the wound 

site210. Vasodilation of nearby blood vessels and increased vascular permeability allows 

inflammatory response cells to move through to the wound site208. The clot also plays 

the role of a provisional extracellular matrix, providing a site to which incoming cells, 

such as neutrophils, monocytes, fibroblasts and endothelial cells, can bind210, 212. The 

section of the clot that is on the surface of the skin and exposed to air, dries and forms a 

scab212. 

Chemotaxis draws neutrophils to the wound area to remove foreign particles and 

bacteria and they are then expelled or phagocytosed by macrophages205, 208, 210. 

Monocytes are likewise attracted to the wound site, where they are transformed into 

macrophages, and it is these activated macrophages that are integral for the transition 

into the proliferative phase 205, 210, 211. Activated macrophages, and existing 

macrophages that are also attracted to the wound site, express a number of growth 

factors and cytokines that are responsible for the initiation and propagation of new 

tissue in the next phase of repair205, 208, 210. 
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2.3.1.2. Phase 2: Proliferation  

The proliferative phase marks a shift in the wound healing process from acute response 

to tissue repair, and is characterised by epithelialisation, provisional matrix formation 

and angiogenesis208, 211. Epithelialisation begins within hours of the injury, overlapping 

with the inflammatory response205, 210. Keratinocytes, largely from the cut edges of the 

wounded skin, begin to proliferate and migrate to establish a barrier over the exposed 

wound surface205, 208, 214. For incisional wounds where there is only a small gap to 

bridge, this process usually only takes days; however, there is no structural integrity to 

the newly formed epidermis at this stage 211.  

The proliferation and migration of new epithelial cells is stimulated by cytokines and 

growth factors released by the platelets and macrophages that are activated during the 

inflammatory phase205, 208, 210. Initial stimulation for proliferation is from inflammatory 

cytokines tumour necrosis factor-alpha (TNF-α) and interleukin-1 (IL-1), which are 

produced by monocytes and up-regulate keratinocyte growth factor (KGF) expression in 

fibroblasts208, 215. The expression of KGF subsequently stimulates migration of 

keratinocytes208. Growth factors such as insulin-like growth factor-1 (IGF-1), 

heparin-binding epidermal growth factor (HB-EGF), fibroblast growth factor (FGF), 

EGF and TGF-α are also known to play a stimulatory role205, 208, 210, 214. Matrix 

metalloproteinase (MMPs) have also been implicated in this stage, with various forms 

of the enzyme up-regulated in migrating keratinocytes205, 214. 

Macrophages also express the growth factors that propagate the formation of fibroblasts 

and new fibrous tissue, including EGF, FGF, IGF-1, PDGF, TGF-β and TNF-α. Newly 

activated and existing fibroblasts proliferate and synthesize collagen and 

non-collagenous proteins such as fibronectin, forming a new, provisional extra cellular 

matrix205, 208, 210. Growth factor roles also include up-regulation in integrins, which help 

cells anchor to the matrix (TNF-α) and overall guidance of the extra cellular matrix 
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production (TGF-β)208. The new collagen-rich matrix supports cell ingrowth to rebuild 

the wounded area, by providing a scaffold for cell migration to aid the formation of 

granulation tissue 210, 211. The resulting granulation tissue, or fibrous connective tissue, 

replaces the clot or temporary matrix formed during the inflammatory phase211, 212. 

During this proliferative phase, the blood supply is also restored to the wounded 

region212. This process of angiogenesis occurs simultaneously with fibroplasia and uses 

the provisional matrix as a scaffold210. Endothelial cells are stimulated by vascular 

endothelial growth factor (VEGF) to form new capillary tubes, which invade the clot 

formed in the inflammatory phase and form a network of new blood vessels 208, 212. It is 

these new capillaries that give granulation tissue its granular appearance210, 212. 

Angiogenesis is also mediated by a number of other growth factors, including FGF, 

PDGF, TGF-α and TNF-α205, 208. 

2.3.1.3. Phase 3: Maturation and remodelling  

The final phase in the wound healing process is considered to be the most important 

phase clinically208. As the wound matures over time and the wound ingrowth is 

completed, the granulation tissue undergoes remodelling208, 211. The density of 

macrophages and fibroblast is reduced and the collagen bundles are re-arranged into 

organised networks208, 211. The remodelling process requires ongoing synthesis, 

deposition and degradation of collagen at a low rate until it reaches an equilibrium205, 

210. This process has been shown to continue for at least six months post-injury216. 

The granulation tissue transforms into scar tissue, maturing and contracting until the 

new cells are eventually as thick as those in the surrounding skin212. Wound contracture 

is a complex process involving interactions between numerous cells, cytokines and the 

extracellular matrix205, 210. These interactions enable the granulation tissue to compact 

and contract, pulling normal dermal and adipose tissue into the wounded area205, 210. 
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This process is instigated by the transformation of fibroblasts into myofibroblasts, 

which in turn express smooth muscle differentiation markers that produce forces within 

the granulation tissue to contract and pull in the surrounding normal tissue205. The 

contraction process is likely stimulated by growth factors such as PDGF and TGF-β. 

The final outcome of this phase and the overall wound healing process is a dermal layer 

of scar tissue covered by newly generated epithelial cells212. 

2.3.2. Scar Outcome 

2.3.2.1. Development and features 

The primary aim of the wound healing process is to restore homeostasis and re-establish 

the structural and mechanical integrity of the skin, to a level that enables the host to 

survive211, 213, 217. This occurs at the expense of complete functional restoration or true 

tissue regeneration in all cutaneous layers205, 211, 217, 218. The outcome of this reparative 

healing process is the replacement of normal tissue with adequate but inferior scar 

tissue, which has been estimated to be approximately 70% of the quality and strength of 

the previous uninjured tissue205, 209, 211. This scar tissue is characterised by varying 

degrees of cutaneous inflammation, a disordered fibronectin and collagen matrix in the 

place of normal tissue, and a lack of restored sub-epidermal appendages such as hair 

follicles211, 217, 218. A scar can therefore be defined as “a macroscopic disturbance of the 

normal structure and function of the skin architecture, resulting from the end product of 

a healed wound”219. 

All wounds require the production of scar tissue to heal and the resulting scar will 

always be preserved215. However, the variation in scar development following injury is 

marked and scars may differ greatly in quality of outcome. A good scar is considered to 

be asymptomatic, flat, thin and of a colour that matches the surrounding skin215. A poor 
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scar, however, is one that is irritated, thickened, stretched and a different colour to the 

surrounding skin215. 

The outcome of the scar is primarily dependent on the effectiveness of the wound 

healing process. Although the precise nature of their role is largely unknown, other host 

and therapeutic factors are also likely to interact with this process to affect outcome. 

Similarly, disturbances to the complex molecular pathways underlying this process by 

mutations in the genetic stimulators and their regulators, may cause variations that result 

in poor scar outcomes. 

An ideal progression through the wound healing process would involve a balanced 

inflammatory reaction, a controlled amount of collagen production (such that only the 

amount required for adequate wound strength is produced), and rapid maturity with 

minimal contraction215. An equalised inflammatory phase is fundamental to the process. 

Too little inflammation will delay healing, whereas too great an inflammatory response 

will lead to the production of surplus scar tissue, as the products of the inflammatory 

phase regulate collagen synthesis in the proliferative phase215. As the wound healing 

process progresses, the newly formed extracellular matrix comprises increasingly 

thicker and stronger collagen fibres208. These fibres can be over produced if not properly 

regulated, and the subsequent degradation and remodelling process can be inadequate 

and unable to break them down sufficiently208. This excessive collagen production and 

the subsequent overproduction of scar tissue during the remodelling phase can result in 

raised scars that are often hard and unpliable208. Rapid maturation is preferable because 

it means a move away from the reactive inflammatory phase and minimises the fibrotic 

process215. Too much contraction during the maturation phase can result in scars that 

pull excessively on the surrounding tissue205. 
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In addition to the degree of tissue elevation and pliability, the quality of a scar is often 

also considered relative to two other factors; vascularity (or colour) and pigmentation. 

The two factors are inter-related, as vascularity is often considered a form of 

pigmentation, known as vascular pigmentation20. The colour of the scar is observed 

along a red to purple gradient and is determined by its vascularity, or the state of new 

blood vessel development, in the underlying scar tissue. Capillaries contain oxygenated 

haemoglobin that is red in colour and venules contain reduced haemoglobin that is blue 

in colour, which can manifest as purple in colour in the overlying skin20. New scars are 

red in colour due to the heightened vascular activity but this usually resolves over time 

and the redness diminishes as connective tissue contracts and slows vascularisation20, 

215. However, changes to haemoglobin state or level in the new dermal capillaries and 

venules may exacerbate or diminish the strength of the observed colour20.  

Pigmentation as determined by melanocytes also varies across scar outcomes. Scars 

may be hypopigmented (lighter than the surrounding normal skin) or hyperpigmented 

(darker than the surrounding normal skin). It has been found that hypopigmented scars 

have less melanoma pigment in the basal cell layer, which may be due to deficiencies in 

the melanosome transfer process. Hyperpigmented scars may be due to overactive 

melanocytes, resulting from melanocytic injury or modified melanocyte control after 

restoration of the nerves to the wounded area20. It has been hypothesised that variations 

in pigmentation are the result of the inflammatory process, with degree and type of 

variation related to the severity of inflammation and a genetic predisposition to strength 

of response to inflammation220. 

2.3.2.2. Scar classification 

The types of scars resulting from the wound healing process are generally classified into 

one of the following categories: fine line, wide or stretched, atrophic, contracture or 

raised dermal (hypertrophic or keloid) scars207, 221. 
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Fine Line Scars 

Fine line scars are those that result from surgery and wide (or stretched) scars occur 

when fine line scars gradually stretch and widen, typically resulting in a flat, soft, pale 

and asymptomatic scar207, 221.  

Atrophic Scars 

Atrophic scars are typically small, circular scars that sink below the surrounding skin 

with an indentation in the centre, although they can also be flush with the surrounding 

skin’s surface207, 221.  

Contracture Scars 

Contractures are the product of the wound contracting process in the remodelling phase 

of wound repair and occur when the scar has not matured properly205, 221. They usually 

arise when scars form at right angles to skin creases or joints and can cause significant 

functional issues that often need to be resolved by surgical removal of the scar205, 207, 221.  

Raised Dermal Scars 

The most extreme outcome of excessive collagen production is when normal scarring 

converts to the production of raised dermal scars known as hypertrophic or keloid 

scars215. These are the most problematic type of scar and represent the focus of most 

research into scarring outcomes. Hypertrophic scars are raised, red and rigid, and may 

be painful or itchy207, 222-224. They remain within the boundaries of the wound site and 

generally regress spontaneously207, 222, 223, 225. They are characterised by amplified 

fibroblast density and collagen fibres arranged in a wavy pattern, that are less ordered 

into bundles than normal skin but primarily oriented parallel to the skin’s surface226, 227. 

The most extreme case of raised, dermal scars are keloid scars. These scars grow 

beyond the boundaries of the original excision site, and continue to grow, with no 

spontaneous regression207, 222-224.  It is primarily this growth beyond the boundary of the 
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wound site and the lack of regression that differentiates keloid scars from hypertrophic 

scars9, 226. Keloids have been described as benign, dermal fibroproliferative tumours and 

demonstrate the progressive and pathological features of fibrotic disease223, 224. Like 

hypertrophic scars, keloids are characterised by increased fibroblast density but also 

have an increased fibroblast proliferation rate226. Collagen fibres are wavier than in 

hypertrophic scars and are randomly oriented to the epithelial surface, with no 

formation into bundles226, 227. They are an abnormal form of scar outcome that are 

known to have a familial basis and occur more commonly in darker skinned 

individuals226. 

2.3.2.3. Adverse effects 

The adverse effects of poor scar outcomes on patients can be far reaching, including 

functional and psychological impairments. In severe cases, physical effects can include 

pain, pruritus, deformity, restricted movement or loss of function218, 228, 229. The 

aesthetic appearance of the scar may also have a large influence on a patient’s 

psychological state and quality of life that persists long after their primary care has been 

completed215, 218, 230. Depression, anxiety, sleep disturbances, loss of self-esteem or 

stigmatisation can all eventuate, particularly in severe cases of scarring221, 231. 

Whilst it is more likely that excessive or disfiguring scar outcomes may result in 

psychological conditions, poor outcomes in surgical scars can also be considered 

cosmetically unacceptable by patients and affect their quality of life230, 231. 

Discolouration, change in texture or loss of symmetry resulting from comparatively 

minor injuries can also inflict psychological stress231. A study by Newton-Bishop et 

al.230 investigated the quality of life in melanoma patients post-melanoma excision. The 

study found that those treated with wider excision margins were more likely to have a 

poorer perception of their resulting scar. Whilst issues related to diminished mental and 

physical function did not persist beyond six months post-surgery, the perception of a 
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poor scar was still evident two years post-surgery230. Furthermore, a poor perception of 

the scar was correlated with increased depression scores, which suggests that the effect 

of scar outcome on quality of life in melanoma patients is clinically relevant230. 

2.3.3. Scar Assessment 

It is well documented that there is no currently available scar assessment scale that is 

verified, objective, functional, and dynamic228, 232-234. Many attempts have been made to 

develop such a scale but no one model to date is considered to address all necessary 

criteria. Two scar assessment scales are described below. The Vancouver Scar Scale is 

designed to assess burns scars and despite its limitations, is the most widely used form 

of assessment. The Manchester Scar Scale is an example of an alternative form of 

assessment designed to enable a more accurate assessment of other, non-burn related 

scars.  

2.3.3.1. Vancouver Scar Scale 

The Vancouver Scar Scale was developed in 1990 by Sullivan et al.235 and is considered 

the current ‘gold-standard’ for clinically evaluating scar outcome. It is a clinical 

assessment that is based on four components of the scar: vascularity, pliability, height 

and pigmentation. Each of these factors is assessed independently, using a 

component-specific rating scale (Table 2.1). The scores for each component can then be 

summed to generate an overall measure of scar outcome. The first three components are 

measured on scales of increasing severity, with zero indicating a normal, well healed 

scar. The fourth component, pigmentation, is classified into one of three nominal 

categories. 

Vascularity, or colour, is measured on a four point scale, from no colour, through to 

pink, red and purple. This component reflects the amount of blood supply to the area235. 

Pliability considers the functional mobility of the scar and is measured on a six point 
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scale from normal, through supple, yielding, firm, banding and contracture235. Height of 

the scar is related to the amount of collagen in the scar and the relative oedema of the 

tissue  and is recorded on a four point scale from normal to flat, <2 mm, < 5mm and 

>5 mm235. Lastly, the scar is classified into one of the three pigmentation categories of 

normal, hypopigmented or hyperpigmented. To reduce the effect of vascularity on 

pigmentation assessment, it is recommended that the scar is blanched and compared to 

surrounding skin that has also been blanched to determine pigmentation235. 

Pigmentation should be assessed after vascularity, so that the skin blanching does not 

affect the observed vascularity. 

 

Table 2.1: Vancouver Scar Scale (Burn Scar Assessment scale)235 

Vascularity 

0 Normal – colour that closely resembles the colour over the rest of one’s body 

1 Pink 

2 Red 

3 Purple 

Pliability 

0 Normal 

1 Supple – flexible with minimal resistance 

2 Yielding – giving way to pressure 

3 Firm – inflexible, not easily moved, resistant to manual pressure 

4 Banding – rope like tissue that blanches with extension of the scar 

5 Contracture – permanent shortening of the scar, producing deformity or distortion 

Height 

0 Normal - flat 

1 <2 mm 

2 <5 mm 

3 >5 mm 

Pigmentation 

0 Normal – colour that closely resembles the colour over the rest of one’s body 

1 Hypopigmentation 

2 Hyperpigmentation 
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There are a number of strengths and limitations of the Vancouver Scar Scale in scar 

assessment. Key advantages are that it is an economical and clinically practical 

assessment tool, as it is quick and simple, and does not involve complex technology or 

non-portable machinery236. The mostly widely cited drawback of the Vancouver Scar 

Scale is its subjectivity, particularly on the parameter of vascularity233, 234, 236, 237. The 

authors of the Vancouver Scar Scale reported a fair reliability of the scale when 

assessing the inter-rater reliability of the scale (mean statistic for each rater pair: 

Cohen’s κ=0.5)235.  Few other studies have been conducted to verify the scale’s 

reliability but those that have showed a moderate to high inter-rater reliability228, 236. 

The original study did not present any evidence for intra-rater reliability235. 

The inclusion of the pigmentation component in the Vancouver Scar Scale assessment 

is also problematic, with several studies questioning its reliability228, 237, 238. The 

pigmentation categories are nominal rather than ordinal, and should therefore not be 

summed with the other ordinal components of vascularity, pliability and height228, 237, 

238. Specifically, the assumption that hyperpigmentation is more severe than 

hypopigmentation has been questioned20. Hyperpigmentation and hypopigmentation 

also seem to have different underlying mechanisms and their inclusion in the same 

category may therefore be misleading. It has been suggested that an assessment of the 

severity of the dyspigmentation rather than the type of dyspigmentation would be more 

appropriate, as has been considered in more recent scar assessment scales20, 239. Other 

studies have also noted that it can be difficult to separate assessment of the vascularity 

and pigmentation parameters when considering the colour of the scar, which may 

decrease reliability further237, 239. Pigmentation is also more applicable to burn scars that 

have varying degrees of injury across a large surface than it is to surgical scars240. 

Despite these limitations, the Vancouver Scar Scale is commonly used to assess burns 
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scars233. It can be difficult to extend to use in other scar types, however, it has been used 

previously to assess surgical scars with moderately reliable results 240, 241. 

A variation of the original Vancouver Scar Scale was defined by Baryza and Baryza242 

in their description of a Plexiglass tool designed to aid in the assessment of the four 

components. The clear plastic tool could be used to blanch the scar to aid in determining 

vascularity and pigmentation, and markers on the tool aided in measuring height more 

accurately242. The authors added a mixed pigmentation category (areas of both 

hypopigmentation and hyperpigmentation) to the pigmentation component, creating a 

four point nominal scale. They also amended the height categories to reflect smaller 

differences at the lower end of the scale, such that height was recorded as one of the 

following: normal to flat, 0 mm - 1 mm, >1 mm - 2 mm, >2 mm - 4 mm and > 4mm. 

This scale is shown in Table 2.2, with amendments to the Vancouver Scar Scale 

depicted in italics.  

Inter-rater reliability scores were reported by the authors for this amended scale when 

using the Plexiglass administration tool. Scores were high for the vascularity (κ=0.73) 

and pliability (κ=0.71) components, moderate for the pigmentation component (κ=0.61) 

and fair for the measurement of height (κ=0.56) 242.  
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Table 2.2 Baryza and Baryza’s242 amended Vancouver Scar Scale Burn Scar Index 

Pigmentation 

0 Normal – colour that closely resembles the colour over the rest of one’s body 

1 Hypopigmentation 

2 Mixed pigmentation 

3 Hyperpigmentation 

Vascularity 

0 Normal – colour that closely resembles the colour over the rest of one’s body 

1 Pink 

2 Red 

3 Purple 

Pliability 

0 Normal 

1 Supple – flexible with minimal resistance 

2 Yielding – giving way to pressure 

3 Firm – inflexible, not easily moved, resistant to manual pressure 

4 Banding – rope like tissue that blanches with extension of the scar 

5 Contracture – permanent shortening of the scar, producing deformity or distortion 

Height 

0 Normal  

1 0 to 1 mm 

2 >1 to 2 mm 

3 >2 to 4 mm 

4 > 4 mm 

 

2.3.3.2. The Manchester Scar Scale 

The Manchester Scar Scale was devised by Beausang et al.239 in 1998, as an alternative 

to the Vancouver Scar Scale. The authors recognised the need for a clinical assessment 

scale that was applicable to a wider range of scars, such as those from surgical incisions 

(e.g. melanoma excision) and non-burn related scars, that were not catered for 

adequately by the Vancouver Scar Scale239. The Manchester Scar Scale assesses similar 

components of the scar as the Vancouver Scar Scale but uses categories more 

appropriate to non-burns scars. The components assessed using this scale are colour, 



CHAPTER 2: BACKGROUND AND LITERATURE REVIEW 

65 
 

incorporating both shade and match to surrounding skin, contour, texture, distortion and 

surface appearance239. 

The term colour is used to assess the contrast of the scar with the surrounding skin, 

rather than separating this component into vascularity (or redness) and pigmentation as 

done in the Vancouver Scar Scale239. The colour assesses both how well the scar 

matches the surrounding skin and the shade of the scar. Level of match is graded as 

either perfect, slight mismatch, obvious mismatch or gross mismatch. Shade is 

categorised as either lighter or darker but no score is assigned.  

Contour is comparable to the height component on the Vancouver Scar Scale but 

negates the need to physically measure the scar, which can be difficult. Instead the scar 

is rated as either flush with the surrounding skin, slightly proud/indented, hypertrophic 

or keloid239. Texture is analogous to the pliability component of the Vancouver Scar 

Scale but with simpler and fewer categories, with ratings of normal, just palpable, firm 

and hard.  

The Manchester Scar Scale also assesses distortion of the scar, classified as either none, 

mild, moderate or severe. The appearance of the surface of the scar takes into account 

whether the scar is matte or shiny, with shiny scars considered cosmetically worse as 

the authors felt this was a reflection of common perception239. All but the shade 

component are rated on ordinal scales, with increasing scores indicating increased 

severity. The scores for all but the shade component are then summed to form an overall 

score.  

The scale also incorporates a rating of the overall appearance of the scar on a visual 

analogue scale, which is then added to the overall score. This scale was included to take 

into account other subjective factors that may affect the scar’s appearance and by 

including it in the total overall score, contributed to a complete clinical impression of 
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the scar.239 This type of scale has been found to be successful in assessment of cosmetic 

scar outcomes, although it can be difficult to interpret results that do not lie at the 

extremes of the scale243. The visual analogue scale in the MSS was a 10 point scale, 

with zero considered to be an excellent scar and 10 a poor scar. 

The key strength of this scale is that it can be applied to a wide range of scars and is not 

limited to scars resulting from burns. It is also economical, quick and easy to use and 

was found to correlate well with histological findings239. When measured by the authors 

of the original study, intra-rater variability was fairly low, ranging from 7.8 - 14.8%239. 

Inter-rater reliability when assessing photographs of the scar was high (Spearman’s 

correlation coefficient, range 0.83 - 0.99). The major limitation of this scale is that like 

the Vancouver Scar Scale, it is a subjective assessment. 

In summary, the key parameters used to assess scar outcome are vascularity, 

pigmentation, pliability and height of the scar. The current ‘gold-standard’ scale for 

assessing scar outcome is the Vancouver Scar Scale, which is limited by its subjective 

nature and the nature of the pigmentation parameter. The Manchester Scar Scale is an 

example of an alternative scar assessment tool that can be applied to a wider range of 

scars, although it is also limited by a lack of objectivity. The following sections now 

consider the host, clinical and genetic factors that may influence scar outcome. 

2.3.4. Host Risk Factors 

As discussed, the wound healing process entails a set series of events at the cellular and 

molecular level to enact tissue repair. Disturbances to any event in the chain that delays 

the process are known to impair wound healing and repair211. Delays occurring at any of 

the points of wound closure, invasion of inflammatory cells, migration of fibroblasts 

and endothelial cells, production of collagen or extracellular matrix, or recovery of the 

wound’s breaking strength can impair wound healing and thus potentially the quality of 
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the resulting scar211. Host metabolic and pathophysiologic factors can influence the 

wound healing process and cause such delays, at both the systemic level and local level, 

and some examples of these factors are discussed in this section211.  

2.3.4.1. Age 

Increased age is known to have an adverse effect on the speed at which wounds heal. 

The precise mechanisms by which aging influences wound repair are debated in the 

literature, with various models suggested. These have included deficiencies in 

angiogenesis, reduced fibroblast growth and activity, localised inflammatory and 

immune impairment, diminished growth factor and stem cell numbers, and slower rates 

of collagen production and wound contraction 211, 244. It has also been proposed that 

sub-optimal wound care, compromised healing due to infection, medication use or 

increased incidence of disease co-occurring with increased age, may contribute more to 

delayed healing than age itself211, 245, 246. 

Juxtaposed with these observations of a detrimental effect on wound healing is the 

observation that increased age is often associated with a better quality scar outcome221, 

244, 245, 247, 248. This was demonstrated by Bond et al.245 in a small study (n=58) of the 

scar maturation process over 12 months. Scars that retained a red discolouration, were 

wider than the original incision and were elevated for a longer duration, were classified 

clinically as having a poor outcome245. Histologically, poor scars were defined as those 

with a prolonged maturation process, characterised by lack of papillary dermis 

reformation, reduced collagen fibre maturation and organisation and persisting high 

density of blood vessels245. Young people (<30 years) demonstrated worse scar 

outcomes, both clinically and histologically, with delayed maturation compared with 

older participants (>54 years), although representation of participants in these age 

categories was limited245. The authors postulated that the prolonged high-turnover state 
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shown by increased fibroblast proliferation and vascular density in younger patients 

may increase the resilience of the scar tissue at the expense of scar quality245. 

An earlier study found increased levels of fibrillin and elastin fibres in both normal and 

wounded skin of older participants (>60 years), compared with younger participants247. 

It is thought that fibrillin acts as a scaffold for the formation of elastin networks and that 

the level of elasticity and resilience of the skin are largely determined by this 

framework247. A regenerative pattern of fibrillin and elastin was also observed in older 

participants’ wounds and it was hypothesised that this may reflect a mechanism for 

development of a superior, regenerative elastin framework in older individuals247. 

Increased elasticity and regeneration in the dermal architecture in wounded skin is likely 

to result in a better scar outcome, which may also explain the age-related variation 

observed in scar outcomes244, 247. 

2.3.4.2. Local factors 

It is well known that infection causes a delay in wound healing, as it results in persistent 

tissue injury and inflammation. Infection is the most common factor implicated in 

impaired wound healing, with both local infection at the site of the wound and systemic 

infection known to retard the process 206, 211, 246. Local  infection may exacerbate 

scarring because many pathogenic bacteria produce toxins and other metabolites that 

interrupt normal epithelial and dermal healing211. Infection results in a prolonged 

inflammatory response, which has a flow on effect into subsequent phases of wound 

response. In particular, there is an influx of neutrophils and macrophages to the region 

and the initiation of epithelialisation and collagen deposition are delayed209, 211. 

Furthermore, increased protease expression degrades growth factors and membrane 

receptor sites that are required to initiate proliferation of new tissue209, 211.  



CHAPTER 2: BACKGROUND AND LITERATURE REVIEW 

69 
 

Tissue necrosis at the wound site can also impair wound healing, via several 

mechanisms. As necrotic tissue acts as a nutrient source for bacteria, necrosis can result 

in increased levels of bacteria and a subsequent increase in risk of infection211. 

Metabolites released by tissue cells undergoing necrosis can be toxic to adjacent cells, 

exacerbating damage to the wounded skin211. The necrotic fragments may also form a 

physical barrier against incoming repair cells such as fibroblasts or keratinocytes211. As 

with bacteria, the presence of necrotic tissue is also thought to stimulate a persistent 

inflammatory response via a sustained invasion of inflammatory response cells209. 

Tissue hypoxia is thought to act in a similar stimulatory manner on inflammation, 

impairing wound healing and subsequently impacting scar outcome209, 211. 

The effect of local factors such as infection, tissue necrosis and tissue hypoxia on the 

duration and quality of wound healing may subsequently result in a diminished scar 

outcome. 

2.3.4.3. Systemic factors 

Optimizing systemic conditions is likely to aid wound healing and reduce scarring205. A 

positive nutritional balance will greatly enhance a patient’s ability to synthesize proteins 

required during the healing process249. However, nutritional inadequacies, from slight 

deficiencies through to anaemia or malnutrition, can negatively impact the healing 

process by delaying wound repair time and increasing risk of infection211, 246. Poor diet, 

as well as disease, can compromise cellular processes such as extracellular matrix 

deposition, resulting in impaired wound strength208. 

Unsaturated fatty acids derived from food intake are required for synthesis of cells 

involved in initiating and promoting inflammatory responses following injury211. 

Deficiencies in dietary fatty acids have been associated with delayed cutaneous wound 

healing211. Similarly, vitamin deficiencies are also known to result in diminished wound 
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healing and therefore may impact scar outcome. Vitamin A is required for cell 

differentiation, particularly epithelialisation, and Vitamin A deficits can result in 

delayed epithelialisation and subsequent wound closure, diminished collagen production 

and impaired immunity at the wound site211. Vitamins from the Vitamin B family, such 

as thiamine, and Vitamin C play a role in collagen cross-linking reactions and decreased 

levels have been associated with diminished wound repair and wound strength211.  

Vitamin K deficiencies can result in excessive bleeding, increased risk of local infection 

and abnormal extracellular matrix formation, likely due to the Vitamin’s role in 

synthesising coagulation proteins211. Few studies, however, have demonstrated the 

effects of oral supplements on wound healing in otherwise well, nutritionally optimised 

adults249. 

Systemic inflammatory conditions and those resulting in an impaired immune response 

have been associated with delays to the wound healing process. Immunodeficiency 

results in impaired immune defences, which has implications for the wound healing 

process211. The reaction of inflammatory and proliferative cells in tissue repair is 

impaired in individuals who are immunosuppressed, often due to immunosuppressant 

medications, immunodeficiency syndromes or diseases such as lymphoma or 

rheumatoid arthritis211, 246, 250-252. Bacteria at the wound site can reach uncontrollable 

levels in these patients and subsequently delay healing211. Further, a diminished immune 

system means endogenous cytokines and growth factors involved in the process are not 

adequately synthesised, released or regulated211.  

Likewise, diabetes is known to delay tissue repair because the inflammation response in 

affected individuals is abnormal211, 244. Impaired neutrophil chemotaxis and 

phagocytosis diminishes the inflammatory response, resulting in increased susceptibility 

to infection, impaired fibroblast and endothelial cell proliferation and reduced collagen 
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deposition211. Insulin deficiency and chronic hyperglycaemia can also hinder the 

remodelling process211.  

Therefore, as with local factors, systemic factors such as nutritional inadequacies, 

infection or inflammatory conditions can impair wound healing and thus potentially 

affect the quality of the resulting scar. 

2.3.5. Clinical Factors and Management Strategies 

Various clinical factors and strategies for scar prevention and treatment have been 

reported to influence the scarring process, such as minimising surgical trauma, 

post-operative wound care, and the application of therapies such as massage, taping and 

application of topical agents to enhance these205, 215, 249. Few studies, however, have 

specifically investigated the effect of particular scar management techniques on scar 

outcome, especially non-keloid outcomes, and little conclusive evidence exists as to the 

effects of such agents on the scar253. Most current therapies are thought to be unreliable, 

often ineffective and largely supported by empirical evidence rather than prospective, 

clinical trial data218, 221, 253. 

2.3.5.1. Surgical technique 

Surgical technique is known to play a role in wound healing and the subsequent scar 

outcome. This is particularly relevant for melanoma patients, whose scars are the direct 

result of surgical excision of the tumour. Early studies across various body sites 

determined that axes of tension exist, with some sites subjected to more planes of 

tension than others215, 254, 255. For example, lines of tension act in multiple directions 

across the sternum but mostly in a horizontal plane on the upper abdomen215. These 

tensions are exerted on the skin by related movement, for example from the arms, 

shoulders and neck on the sternum, and respiratory movement on the abdomen215.  
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Surgical incisions should take into account these lines of tension, so as to reduce the 

resulting tension across the scar249. Additional tension across the scar can overcome the 

weak collagen bonds in the scar tissue, causing the newly formed collagen fibres to 

separate and assume a random alignment, resulting in stretching and excessive 

scarring215, 256. If incisions are planned around tension lines, it is more likely that tension 

across the scar will be limited249. This allows the collagen bonds to withstand the tensile 

forces and the collagen fibres to remain aligned with the epithelial surface, resulting in a 

narrower scar215, 256. A study by Hogstrom et al.257 also found an increased presence of 

neutrophils in areas of tension. As neutrophils release proteases involved in the 

degradation of collagen, which may result in a decrease in wound breaking strength, this 

may represent one of the biological mechanisms underlying the formation of stretched 

scars215, 257. 

2.3.5.2. Post-operative wound care 

Post-operative wound care is also likely to affect scar outcome. Wound dressings post 

excision are designed to prevent infection or trauma to the site that may lead to 

inflammation, which inhibits acceleration of scar maturation249. Occlusive or 

semi-occlusive dressings are used to create a barrier that essentially acts as a temporary 

substitute for the damaged epithelium whilst maintaining the level of moisture required 

for healing249. Occlusion and a moist environment are thought to improve scar outcome 

by preserving moisture in the wound bed and subsequently stimulating the 

epithelialisation process205, 258, 259.  

2.3.5.3. Therapies 

Numerous management techniques have been suggested, and used clinically, to 

encourage the critical areas of wound support, hydration and rapid maturation of the 

scar tissue215. Many of these techniques are aimed specifically at reducing hypertrophic 
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or keloid formation but are also employed generally in the management of all scar 

types. 

Pressure dressings or garments are widely used in the clinical setting, despite a lack of 

clinical evidence supporting their use and an understanding of the exact mechanism by 

which they work205, 249, 260. They are primarily used to prevent or reduce hypertrophic 

scarring, particularly following burn injury249, 253. It has been suggested that the pressure 

may inhibit blood supply to the skin, inducing fibroblast degeneration and a subsequent 

reduction in vascularity205. Alternatively, pressure may induce collagenase activity and 

subsequent scar tissue production205, 249. Histologically, it has also been shown to result 

in better organisation of the extracellular matrix, which may indicate that pressure 

influences matrix remodelling and subsequently progresses scar maturation261. The 

effectiveness of pressure appears to be proportional to duration of therapy, although the 

evidence for its role in enhancing the speed of scar maturation and improving cosmetic 

outcomes remains inconsistent253. Adverse effects of pressure therapy can range from 

discomfort and uneven distribution of pressure, through to breakdown in skin integrity 

and ulceration260. Shih et al.260 noted that the general clinical acceptance of pressure 

therapy’s effectiveness may have negated the need for investigators to provide further 

evidence in its support. Further, that given its wide acceptance, it may now be 

considered unethical to withhold it as a treatment to patients in a clinical trial260. 

Adhesive, microporous tape has been proposed as an agent both to provide support to 

the wound site against excess skin tensions, and as a semi-occlusive dressing215, 253, 260. 

It may also act in a similar way as a pressure dressing253, 260. There is a lack of evidence 

in the literature to substantiate the role of tape though, with few trials published to date 

that support its use. Furthermore, the  trials that have been conducted focused on burns 

and hypertrophic scars262-264. Tape applied longitudinally in the direction of the scar is 

thought to provide additional strength and help control or eliminate the effect of forces 
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from mechanical tension on the scar tissue215, 262, 264. As a semi-occlusive dressing it is 

likely to result in less bacterial growth than a completely occlusive dressing would, 

thereby minimising infection215. 

Topical silicone gels and creams are one of the key therapies used to address hydration 

of the wound and studies have shown them to be efficacious in the management of 

hypertrophic and keloid scars215, 253, 265. Silicone dressings have been clinically shown to 

improve scars, and may decrease scar formation via not only hydration but also 

modulation of growth factors, although evidence for this mechanism is weak215, 266. 

However, there has been some argument that it is the process of hydration rather than 

the silicone itself that influences scar outcome, and that other non-silicone based 

modalities are just as effective215, 260.  

Trials to date have focused on improving hypertrophic and keloid scars and further 

clinical investigation is warranted to identify the role of silicone dressings in patients at 

low risk for problematic scarring260. It is thought that silicone may accelerate maturation 

in non-keloid and hypertrophic scars but there is currently a lack of evidence in the 

literature to support this205. 

A review of available evidence on therapeutic scar management techniques by the 

International Advisory Panel on Scar Management in 2002 produced international 

recommendations on the management of hypertrophic and keloid scars253. Whilst the 

focus of these recommendations was abnormal scar types, their findings have relevance 

to therapies influencing the outcome of other scar outcomes. Silicone gel sheeting was 

considered the only treatment with sufficient evidence for recommendation, with at least 

eight randomised trials and a meta-study of a further 27 trials citing silicone as safe and 

effective253. Conversely, a review of 13 more recent clinical trials comparing the use of 

silicone gel sheeting with various other treatments, or no treatment strategies, found 
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only weak evidence for its use in preventing abnormal scarring in high risk 

individuals267. The review concluded that the trials were of poor quality and that the 

efficacy of silicone gel sheeting could not be validated267.  

Other topical agents, such as petroleum based ointments, follow the principles of 

hydration and occlusion as a basic therapeutic action for treating hypertrophic scars and 

keloids, and reducing symptoms such as pain, tightening and itching260. However, their 

ability to improve the scar in terms of size, colour and texture is unclear260. There is a 

large amount of anecdotal evidence and popular belief that topical Vitamin E creams 

improve scar outcome, however, there is a lack of supporting evidence in the literature. 

In addition, some have shown that it may result in skin irritations or actually worsen 

some scars, due to the negative effects it may have on wound strength and the 

subsequent stretching or breaking of the scar215, 260. Arguments for the use of Vitamin E 

suggest that it inhibits fibroblast activity or provides a method of hydration215, 260.  

Scar movement and manipulation may minimise scar size and appearance. Massage is 

thought to increase scar pliability, decrease scar banding and develop a mature scar, 

allowing faster aging of the scar268. Consistent massage of a scar can also prevent it 

from becoming raised268. However, although often advocated in clinical settings, there 

is a lack of evidence for any therapeutic benefit221, 253.  

Corticosteroid injections are considered a basis for managing problematic scars and it is 

widely accepted that they can be effective in the treatment of keloid and hypertrophic 

scars, despite minimal evidence from randomized, prospective trials223, 249, 253. Local 

administration of corticosteroids is thought to act by subduing the inflammatory 

response, decreasing fibroblast proliferation and thus extracellular matrix deposition205. 

However, corticosteroids can also have an adverse effect on scar outcome when not 

administered directly as a treatment for an abnormal scar. They influence the rate of 



CHAPTER 2: BACKGROUND AND LITERATURE REVIEW 

76 
 

wound healing by inhibiting cell proliferation, as well as DNA synthesis and protein 

synthesis, all of which can delay wound repair and result in a weaker scar211 

In summary, there is a lack of information regarding the efficacy of different therapeutic 

scar management techniques. Although not the focus of this thesis, there is a need for 

further research and proper clinical trials to quantify the benefits of various management 

strategies and therapies.  

2.3.6. Genetic Risk Factors 

There is little known about potential underlying genetic determinants of variation in 

scar outcomes in normal, non-keloid scars. Most research to date has concentrated on 

genetic factors affecting risk of keloid scars development. Keloid scarring often occurs 

in families, providing a basis for the assumption of underlying genetic predisposition 

factors 223, 269, 270. One of the first studies to show evidence for a keloid susceptibility 

loci identified linkage to  chromosome 7p11 in an African-American family displaying 

a high degree of variability in keloid formation and to 2q23 in a Japanese family 

displaying a pattern of consistently small keloid scars270. However, studies in Chinese 

families found no linkage to 7p11 but identified 18q21.1 as another potential 

susceptibility locus213. It may therefore be that ethnicity modulates susceptibility to 

keloid scars, although this remains to be investigated further. 

Numerous genes have been investigated for a potential role in keloid development, 

including p53, TGF-β and its various isoforms, epidermal growth factor receptor 

(EGFR), the major histocompatibility complex (MHC), homologs of the drosophila 

protein, mothers against decapentaplegic (MAD), and the Caenorhabditis elegans 

protein SMA (SMAD)271. Variations in MHC have shown one of the strongest 

associations with keloid susceptibility, suggesting an immunogenic element may be 

involved in excessive dermal fibrosis213. Conversely, although previously associated 
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with other fibrotic disorders, Brown et al.272 found no association with SMAD variants 

in a sample of Jamaican individuals. 

TGF-β has been the focus of many studies into the underlying genetic basis of keloid 

formation, due to its role in fibrosis. As the growth factor is known to have an integral 

role in the wound healing process, it is plausible that impaired regulation of its 

expression may influence scarring, likely due to excess production of collagen249, 273. 

Abnormal regulation of TGF-β has been observed in keloid fibroblasts and keloid tissue 

has been found to overproduce TGF-β, particularly in areas of the tissue that 

demonstrate excess proliferation and collagen deposition226, 274. However, a specific 

causal genetic mutation in TGF-β that is directly linked to keloid scar outcome has 

remained elusive213, 275. Similarly, a significant relationship between TGF-β and keloid 

susceptibility has not been found in case-control studies to date213, 275. For example, a 

study by Bayat et al.224 found no difference in genotype or allele frequency distributions 

between patients with keloid scarring and controls when examining five common SNPs 

in subtype TGF-β1.  

Whilst there are numerous studies investigating a genetic basis for keloid scarring, there 

is a distinct absence in the literature of attempts to identify genetic variants that may 

explain disparities in non-keloid scar outcomes. The complex and multi-factorial 

genetic underpinning of the wound healing process highlights the numerous potential 

genetic factors that may be involved. These potential sources of irregularity and the 

proposed genetic determinants for keloid scarring provide a basis for proposing that 

variation in non-keloid scar outcomes may also have a genetic basis. Genes known to 

have a role in other, related process may also be candidates for investigation. For 

example, pigmentation-related genes may influence melanocyte production or 

distribution, and thus the pigmentation characteristics of the scar. 
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2.3.7. Summary 

The wound healing process involves the three interrelated phases of inflammation, 

proliferation and remodelling. The process commences with an acute response to the 

injury, then moves through to tissue repair and then maturation and remodelling of the 

new scar tissue. Disturbances in any of these phases can result in impaired wound 

healing and are thus likely to play a key role in influencing variations observed in the 

resulting scar.  

Scars are generally classified into one of the categories of fine line, wide or stretched, 

atrophic, contracture or raised dermal scars. Fine line scars that result from surgery are 

the focus of this thesis. Whilst poor surgical, non-keloid scar outcomes are less likely to 

cause the extensive functional or psychological impairments that more excessive 

outcomes like keloid scars are prone to, they can have a large effect on a patient’s 

quality of life. 

The patient’s age and both local and systemic factors are known to affect the wound 

healing process, and are therefore considered risk factors for scar outcome. Impaired 

wound healing has been associated with younger age, local infection, tissue necrosis at 

the wound site, nutritional inadequacies, systemic inflammatory conditions and medical 

conditions that induce abnormal inflammatory responses or immunosuppression.  

The scarring process is also thought to be influenced by clinical factors such as surgical 

technique and post-operative wound care. Scar management therapies like pressure 

garments, adhesive microporous tape, silicone gel sheeting, topical agents such as 

petroleum based ointments or Vitamin E cream, massage and corticosteroid injections 

are also thought to influence scar outcome. Although often used in clinical settings, 

particularly in the management of keloid and hypertrophic scars, there is limited 

evidence regarding the efficacy of most of these scar management techniques. 



CHAPTER 2: BACKGROUND AND LITERATURE REVIEW 

79 
 

The complex molecular processes involved in the wound healing process provide 

numerous potential sources of genetic alterations that could influence variations in scar 

outcome. Numerous genes have been investigated as potential risk factors for keloid 

scarring, including p53, TGF-β1, TGF-β2, TGF-β3, EGFR, MHC, MAD and SMAD. 

However, little is known about potential genetic risk factors for diminished outcomes in 

surgical, non-keloid scars. Research is required to identify genetic determinants of scar 

outcome, which may enable identification of patients at risk of poor scar outcomes who 

may benefit from increased management of clinical and host risk factors, or potential 

targeted gene therapies. 

2.4. OVERALL SUMMARY 

Melanoma is thought to be the result of complex interactions between genetic, host and 

environmental factors. Epidemiological research has led to an understanding of the 

major environmental and host risk factors of melanoma, including sun exposure and an 

elevated number of naevi. However, the association of environmental factors with 

disease progression and severity; the genetic determinants of susceptibility and 

prognosis; gene-environment interactions; and the complex causal pathways underlying 

disease aetiology, remain largely unknown in melanoma and represent the next direction 

for melanoma research. An improved understanding of the biological mechanisms of 

disease and identification of genes associated with melanoma susceptibility and 

prognosis may lead to better interventions and treatments. In turn, this will likely lead to 

decreased incidence and mortality from the disease and reduce the burden melanoma on 

the community and the health system. 

To date, only two high-penetrance familial susceptibility genes have been identified 

(CDKN2A and CDK4). Together they are account for less than 30% of familial 

melanoma cases, which in turn are thought to account for only about 10% of all 
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melanoma cases. Common, low-penetrance genetic variants are likely to play a role in 

the remainder of melanoma cases. Of the several common susceptibility genes and loci 

that have been associated with melanoma susceptibility to date, MC1R is the most 

prominent and frequently identified. The majority of other common low-penetrance 

genes detected are related to pigmentation. To a lesser extent than MC1R, 

polymorphisms in genes with a role in DNA repair, apoptosis and immune response 

have also been implicated in melanoma susceptibility. Many of these associations were 

identified in small sample sizes and have not been replicated, and are therefore not 

considered to be as robust. Similarly, some evidence has been found for genetic factors 

affecting melanoma prognosis but further studies are required to fully elucidate these 

associations. 

There is still only a limited amount of knowledge regarding genetic factors associated 

with susceptibility to melanoma, particularly common genes of modest effect, 

highlighting the need for further research in this area. In a number of studies to date, 

only loci of interest have been implicated, and not specific genes or the causal variants 

that contribute to susceptibility. As with most common cancers, melanoma is a complex 

genetic disease that is likely associated with numerous, interacting common 

polymorphisms and environmental factors. Multiple pathways influencing melanoma 

pathogenesis have been proposed, including the pigmentation-associated axis via MC1R 

and the tumour suppressor and cell cycle axis via germline mutations in CDKN2A and 

CDK4116, 276, but additional genes, pathways and interactions remain to be identified.  

Research is now required to further narrow down the genomic regions of interest and 

identify specific SNP mutations within the associated loci, and investigate functionality 

for those identified in coding regions of the genome. Large cohorts are required in 

which to further investigate these variants, as well as independently verify results. As 
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Western Australia has the second highest rate of the disease in Australia, a large-scale 

study in this population would be a valuable addition to the field.  

A better understanding of the familial nature of melanoma is also required. Investigation 

into the familial co-aggregation of different cancer types and their shared inheritance 

would provide one approach to this, by improving our understanding of the biological 

mechanisms influencing tumour development. Longer term, this may lead to new 

directions for research into cancer predisposition and the discovery of new susceptibility 

genes, as well as valuable information regarding individual risk of disease. To date, 

investigation into the familial clustering of different cancer types has largely been 

conducted in family studies of small to moderate size. Some European and American 

studies investigating the co-aggregation of melanoma with other cancers have been 

conducted at a broader, population level. However, the potential to replicate these 

studies in other populations is limited by the availability of population-level linked 

cancer and genealogy data. Western Australia is one of the few places in the world with 

a comprehensive linked data system, which encompasses a system of genealogical links 

and state-wide cancer incidence data277, 278. This coupled with the high incident rate of 

melanoma in the state makes it an ideal population in which to investigate 

co-aggregation patterns. 

A treatment outcome of melanoma that is often overlooked is the scar resulting from 

excision of the tumour. The aesthetic appearance of these scars can differ greatly in 

patients and unsatisfactory results can lead to varying degrees of psychosocial 

impairment. A large body of research exists for abnormal scar outcomes, such as keloid 

scarring, however little is known about the underlying factors of surgical scar outcomes. 

Many factors are believed to influence scar formation but the exact mechanisms and 

most influential factors involved remain largely unknown. Whilst it is arguably 

somewhat simplistic to describe wound healing in terms of just three stages; the 
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progression through the inter-related stages of inflammation, proliferation and 

remodelling highlight the key mechanisms through which scar outcome is likely to be 

affected. Disruptions to this process delay wound healing and subsequently the amount 

and quality of scar tissues produced.  

There are many candidates from the wound healing process that if unregulated, or 

subjected to inhibitor imbalance, could be identified as specific predictors of poor scar 

outcome. The difficulty lies in disentangling the complex network of signals involved in 

the wound healing process and pinpointing the exact cellular activity related to each. 

The mechanisms underlying the wound healing process that precedes and impacts scar 

formation is relatively well characterised. Similarly, alterations in this process have 

been identified for their likely effect on scarring, such as excess collagen deposition 

giving rise to raised dermal scars. However, the precise biological mechanisms that 

underpin these alterations remain to be determined and are likely to be complex and 

multi-factorial. 

Current strategies employed to accelerate wound healing and reduce scarring focus on 

several areas, including optimizing systemic conditions, minimising trauma during 

surgery, providing an adequate barrier against infection and support and hydration of 

the wound. Various post-operative wound healing strategies have been put forward to 

address these areas, including adhesive microporous tape and silicone gel sheets. 

Varying degrees of effectiveness have been reported for many of these techniques and 

there is a general lack of supporting evidence and understanding of the underlying 

modalities. Importantly, most studies and clinical approaches focus on prevention and 

treatment of hypertrophic and keloid scars, with few aimed at scar outcome in ‘normal’ 

scars. Clinical trials to provide evidence for the efficacy of these treatments in non-

keloid, surgical scars may result in validated scar management plans. These plans could 
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then be offered to patients at risk of poor scarring, either preventing or treating poor scar 

outcomes. 

Further improvements to scar outcome are likely to rely on an increased understanding 

of the molecular and genetic factors influencing the scar formation process and the 

subsequent development of therapies directly addressing these aspects. Little research 

has been conducted on genetic variants associated with poor, non-keloid scar outcomes 

and this represents a direction for future research. Genetic factors have been implicated 

in abnormal scar formation, such as keloid scars, which also provides a basis for genetic 

variants in non-keloid scar outcome. Knowledge of genetic risk factors for poor scar 

outcomes is likely to aid identification of patients at risk of poor scar outcomes. These 

patients may then benefit from increased control of clinical and host risk factors, or 

from specific interventions.  
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CHAPTER 3                                                                         

THE WESTERN AUSTRALIAN MELANOMA HEALTH 

STUDY 

3.1.  INTRODUCTION 

The Western Australian Melanoma Health Study (WAMHS) was established as a 

population-based database and linked biospecimen resource of consenting melanoma 

cases. The resource was developed in response to the need for large, well characterised, 

population-based studies to investigate complex, multi-factorial diseases like 

melanoma. The primary aim of the WAMHS resource was to enable a range of 

investigations into the complex relationships between genetic, environmental and host 

factors that are associated with melanoma. Specifically, investigations into factors 

associated with melanoma severity and progression, common genetic variants of modest 

effect associated with melanoma, and interactions between genetic and host and 

environmental factors.  

The study was established in early 2006. Recruitment and data collection took place 

from October 2006 to March 2010, encompassing a pilot period and a full-scale 

implementation period. Melanoma patients were identified and recruited through the 

Western Australian Cancer Registry (WACR). Demographic and histopathological data 

were collected from the WACR and self-reported phenotypic, exposure, risk factor and 

additional demographic data were collected via questionnaires.  Biospecimen samples 

for DNA, RNA and serum were collected at sample collection centres across the state.  

This chapter presents a description of the development of the WAMHS; the various 

study components; descriptive analyses of the demographic, histopathological, 
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phenotypic and environmental exposure characteristics of the participants; and a 

validation of self-reported melanoma history. 

3.2. MANUSCRIPT 

A manuscript detailing the development of the WAMHS and descriptive analyses of the 

demographic characteristics and environmental risk factors among the study sample has 

been published in Cancer Epidemiology. The candidate is joint first author of the 

manuscript with Dr Gemma Cadby (WAMHS PhD Candidate at time of preparation) 

and a copy of the manuscript is presented in Appendix A. Planning of the paper and its 

structure was undertaken jointly by both Dr Cadby and the candidate. The candidate 

specifically undertook the majority of the writing and preparation of the figures, and Dr 

Cadby performed the descriptive analyses and prepared the tables. Co-authors reviewed 

the manuscript drafts and provided feedback. 

3.3. CANDIDATE’S CONTRIBUTION 

The candidate contributed to all aspects of the establishment of the WAMHS resource. 

Some of this work was completed prior to enrolment and solely in the candidate’s role 

as WAMHS Study Coordinator. However, this role continued after enrolment as a 

part-time student in the same capacity. The candidate was responsible for the day-to-day 

running of the research project and coordinating all research activities. This entailed 

design and establishment of all study protocols (including recruitment, data collection 

and blood collection), as well as design of the study materials (including all letters, 

participant aids, promotional material, forms and feedback questionnaires). The study 

questionnaire was designed and compiled in collaboration with Dr Gemma Cadby, with 

input from members of the WAMHS Management Committee at the University of 

Western Australia. 
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The candidate was also responsible for overseeing and tracking participant recruitment 

and data collection, and played an active role in both processes. The candidate attended 

the WACR weekly to contact medical practitioners and potential participants and to 

maintain the WAMHS database established at the WACR for this purpose. Data 

collection undertaken and coordinated by the candidate involved mail-outs, telephone 

interviews and processing questionnaires. The candidate was also responsible for all 

ethics applications and amendments, grant applications, management of the study team 

and liaising with clinicians, collaborators and patients.  

3.4. ETHICAL AND DATA ACCESS APPROVALS 

Establishment of the WAMHS resource was granted ethical approval by The University 

of Western Australia’s Human Research Ethics Committee (reference RA/4/1/1552) and 

the Department of Health Western Australia’s Confidentiality of Health Information 

Committee (reference 2006/33). Approval from the Confidentiality of Health 

Information Committee has now been superseded by approval from the Department of 

Health Western Australia’s Human Research Ethics Committee (reference 2011/27). 

The WAMHS Management Committee was established to oversee the scientific practice 

of the study and access to the data by researchers. Analyses of WAMHS data requires 

both ethical approval and approval from the WAMHS Management Committee. 

Analyses conducted by the candidate in this chapter using WAMHS data were granted 

approval by the WAMHS Management Committee and by The University of Western 

Australia’s Human Research Ethics Committee (reference RA/4/1/2308). 

3.5. FUNDING AND COLLABORATING PARTNERS 

The WAMHS was seed funded by the Scott Kirkbride Melanoma Research Centre and 

is based within the Centre for Genetic Origins of Health and Disease (formerly the 
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Centre for Genetic Epidemiology and Biostatistics (CGEB)) at The University of 

Western Australia. Collaborating partners include the Western Australian Melanoma 

Advisory Service and the McComb Foundation. The study is supported by the Western 

Australian DNA Bank (WADB) for biospecimen storage and processing and the ARK 

(formerly the Western Australian Genetic Epidemiology Resource) for bioinformatics 

storage and support. 

3.6. RECRUITMENT 

The WAMHS was a population-based study and participants were recruited via the 

WACR, which is notified of all incident cancers in the state of Western Australia by 

law. The Registry was established in 1981 and compulsory notification commenced in 

full in 1982, with complete cancer record data available from this year onwards. 

Registry-based study designs are subject to less selection bias than community-based 

studies, such as hospital or clinic-based studies279, 280. Further, recruitment for 

population studies through cancer registries has been found to be more successful than 

community based recruitment, although it can be more costly and labour intensive279. 

This section describes the eligibility criteria and the recruitment process. 

3.6.1. Eligibility 

Approximately 1,000 cases of invasive, melanoma are diagnosed in Western Australia 

each year and the WAMHS aimed to approach each of these incident cases who met the 

eligibility criteria. The Invasive melanoma was defined by the WACR using 

International Classification of Disease for Oncology 3rd Edition (ICD-O-3) codes. 

Tumour topography (site) codes in the range C440 to C449 and morphology 

(histology/behaviour) codes in the range 8720/3 to 8780/3 defined invasive melanoma. 

Details of these codes are presented in Table 3.1 and Table 3.2 respectively.  
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Table 3.1: ICD-O-3 topography codes used to define invasive, primary cutaneous 
malignant melanoma  

ICD-O-3 Topography Code ICD-O-3 Topography Code Description 

C440 Skin of lip 

C441 Skin of eyelid, including canthus 

C442 Skin of ear and external auricular canal 

C443 Skin of other and unspecified parts of face 

C444 Skin of scalp and neck 

C445 Skin of trunk 

C446 Skin of upper limb, including shoulder 

C447 Skin of lower limb, including hip 

C448 Overlapping lesion of skin 

C449 Skin, unspecified 

 

Table 3.2: ICD-O-3 morphology codes used to define invasive, primary cutaneous 
malignant melanoma 

ICD-O-3 Morphology Code ICD-O-3 Morphology Code Description 

8720/3 Malignant melanoma, not otherwise specified 
(NOS) 

8721/3 Nodular melanoma 

8722/3 Balloon cell melanoma 

8723/3 Malignant melanoma, regressing 

8730/3 Amelanotic melanoma 

8740/3 Malignant melanoma in junctional nevus 

8741/3 Malignant melanoma in precancerous melanosis 

8742/3 Lentigo maligna melanoma 

8743/3 Superficial spreading melanoma 

8744/3 Acral lentiginous melanoma, malignant 

8745/3 Desmoplastic melanoma, malignant 

8746/3 Mucosal lentiginous melanoma 

8761/3 Malignant melanoma in giant pigmented nevus 

8770/3 Mixed epithelioid and spindle cell melanoma 

8771/3 Epithelioid cell melanoma 

8772/3 Spindle cell melanoma, NOS 

8780/3 Blue nevus, malignant 
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The equivalent ICD-10 codes to these ICD-O-3 codes are presented in Appendix B for 

reference, although these are not specifically used by the WACR for classification. 

Eligible study participants were all cases of primary melanoma that met these ICD-O-3 

classification requirements. They also had to be Western Australia residents, aged 

between 18 and 80 years and have had their melanoma diagnosis notified to the WACR 

between January 2006 and September 2009. Further, they had to be alive at the time of 

identification from the WACR. Cases were ineligible if they did not meet these criteria. 

Cases were also considered ineligible if they had previously indicated to the WACR that 

they did not wish to be contacted in the future, or if they were deceased prior to the 

study contacting their doctor. For eligible patients to be contacted about the study, it 

was a requirement that their doctor had deemed them suitable for contact (actively or 

passively). Time restraints prevented doctors from being contacted about the suitability 

of some patients, and therefore these patients were not considered further. Similarly, 

cases were excluded if time restraints resulted in the WAMHS not contacting the 

patient, or if after contact with the case it became apparent that the individual did not 

reside in Western Australia, did not speak English, could not participate for medical 

reasons, or had died prior to contact. 

Participation was not restricted by the number of melanomas that a participant was 

diagnosed with during their lifetime or the collection period. As such, 22.0% of 

consenting participants had multiple melanomas, diagnosed either prior to consent into 

the study or subsequent to participation. Only the first melanoma diagnosed during the 

study time frame was the focus of the WAMHS and is referred to as the ‘melanoma of 

interest’.  
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3.6.2. Recruitment Process 

Recruitment and data collection commenced in October 2006. The first patients 

recruited were those in whom melanoma was diagnosed after June 2006. Once the 

recruitment process was established, patients diagnosed between January 2006 and June 

2006 were also contacted, to increase the sample size. After September 2009, no new 

incident cases were added. From September 2009 until data collection concluded in 

March 2010 (due to cessation of funding), the study focused on obtaining consent from 

potential patients already identified at the WACR and collecting outstanding data from 

all consented participants. 

3.6.2.1. Identification of eligible cases 

Members of the study team attended the WACR on a weekly basis to carry out the 

recruitment process. Name and address information for all patients diagnosed with 

melanoma are available (for ethically approved projects) from the WACR. Name and 

address details for the doctor who diagnosed the melanoma are also recorded from the 

pathology form. All letters sent to practitioners and patients from the WACR, on behalf 

of the WAMHS, were processed by WAMHS personnel.  

3.6.2.2. Medical practitioner consent 

The WACR, on behalf of the WAMHS, contacted the doctor who requested the 

diagnosing pathology report to obtain written confirmation that their patient was 

suitable to be approached regarding participation in the WAMHS. Doctors were sent a 

cover letter (Appendix C) explaining the reason for contact and a patient suitability 

form. They were asked to indicate on the patient suitability form if there was any 

reason, medical or other, that the patient should not be contacted about the study, and 

return this information by return mail. An information leaflet about the WAMHS 

(Appendix D) and a brochure about the Western Australian Melanoma Advisory 

Service were also sent to the doctor with their first patient letter. In the early stages of 
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the study, presentations were also made to general practitioners, dermatologists and 

plastic surgeons in the metropolitan area, to increase awareness and generate interest 

within the clinical community. 

Mail-outs to doctors were conducted periodically, with the suitability forms listing a 

number of patients, rather than sending one letter per patient. This was to minimise the 

burden on doctors, as it was anticipated that some practitioners (such as dermatologists 

or practitioners at specialised naevi screening clinics) would see a large number of 

patients with melanoma. In the first years of the study, reminder letters (Appendix E) 

were sent to doctors if no response was received after two weeks. Subsequently, ethical 

approval was obtained to remove the reminder letter from the protocol and it was 

assumed that the patient was suitable if no response was received from the doctor after 

four weeks (passive doctor consent). Patients were also classified as suitable for contact 

about participation if their doctor returned the form indicating they were suitable (active 

doctor consent) or if the diagnosing doctor could not be identified (passive doctor 

consent).  

3.6.2.3. Patient consent 

Patients classified as suitable for contact were sent a study information package and 

consent form, with a cover letter (Appendix F) explaining the reason for contact and 

inviting them to participate in the study. The consent form (Appendix G) gave the 

option of consenting to all, some or none of the components of the study. The 

information package contained a WAMHS information brochure (Appendix H), a 

WAMHS ‘Frequently Asked Questions’ brochure (0), a ‘DNA (Genetic) Testing and 

Storing’ leaflet provided by The University of Western Australia’s Human Research 

Ethics Committee (Appendix J) and a WACR information brochure. A copy of the 

consent form was also provided for their records. Patients were asked to return the 
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consent form to the WACR by return mail. This included those who did not wish to 

consent to the study, in order to avoid further contact and reminder letters. 

If no response was received after two weeks, a reminder letter was sent (Appendix K), 

with another copy of the consent form. During the pilot phase of the study, a second 

reminder call was made if a response was still not received two weeks later. Telephone 

numbers were located from the telephone directory (the White Pages), as they were not 

included on the pathology forms. A script was composed for the phone calls, to ensure 

that confidential information regarding the cancer diagnosis was not revealed to anyone 

but the patient in question. However, a review of this process in 2007 determined that 

the cost in time involved in locating telephone numbers was not greater than the benefit 

of the limited number of additional consents resulting from the telephone calls. The 

telephone reminder calls were therefore removed from the protocol.  

Once patients consented to participate, their contact details, their correspondence history 

and all histopathological data related to the melanoma tumour were exported from the 

WACR and transferred securely to the WAMHS database at the Centre for Genetic 

Epidemiology and Biostatistics. WAMHS personnel then contacted participants with 

instructions for completion of the sections of the study that the individual had consented 

to complete. The relevant template letter for the combination of study components was 

mailed to participants, along with other relevant study materials, which are described in 

Section 3.7. 

3.7. STUDY PERIODS AND DATA COLLECTION  

This section describes the study periods and details of the data collected for each study 

component. The study was conducted over two key periods; a pilot study period and a 

full scale implementation period, which was conducted in two phases. In both the pilot 

and full-scale periods, all study participants were invited to participate in two key 
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components of the study; the questionnaire and provision of blood samples for 

extraction of DNA, RNA and serum. Histopathological data were also collected from 

the WACR for all participants. As the development of the questionnaire occurred 

throughout both study periods, discussion of the questionnaire component is presented 

in conjunction with the description of the study periods. Figure 3.1 presents an overview 

of the study timeline. 

 

 

Figure 3.1: Western Australian Melanoma Health Study timeline 

 

3.7.1. Pilot Study Period and Questionnaire Development 

The pilot study ran from October 2006 to February 2007. The aim of this study was to 

test the recruitment process and study materials in a sample population before 

proceeding to full-scale data collection. The pilot study involved the first 144 
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participants to consent, who were then invited to complete the pilot questionnaire and 

provide a blood sample.  

3.7.1.1. Pilot study questionnaire 

The self-completion pilot study questionnaire covered a range of exposure and host risk 

factors, as well as demographic details (Appendix L). Participants were asked about 

their lifetime sun and UV exposure, including occupational, residence and summer 

holiday history for each year of life, time spent outdoors in occupational and 

recreational activities (qualitative responses for each year of life and quantitative 

responses for various time periods), sunburn history, sunbed use at any time in life, and 

melanoma site exposure and sunscreen use over various time periods. Place of birth was 

also included as a proxy for ambient sun exposure, along with residence history. 

Host risk factor questions addressed eye, hair and skin colour, skin reaction to the sun 

(based on the Fitzpatrick scale159, 160), degree of freckling, number of naevi, smoking 

history and alcohol consumption. Participants were also asked about their personal and 

family history of melanoma, other cancers and other medical conditions. The 

questionnaire was based on those used by other national and international studies, to 

facilitate potential future collaborations. These studies were the Queensland Study of 

Melanoma281; the Genes, Environment and Melanoma (GEM) study282; and the 

Australian Melanoma Family Study283. Demographic details included sex, date of birth, 

marital status, education, ethnicity, height and weight. 

Questionnaires were sent to participants as part of the study materials package. The 

package also included a cover letter, a ‘Mole Counting Chart’ (Appendix M) to assist 

with the self-naevi count, a reply paid envelope and, if relevant, biospecimen collection 

information (detailed in Section 3.7.3.1). 
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Questionnaires were in a scannable format and once returned, were sent to an external 

company, Savant Surveys, to be processed. Quality checks were developed with Savant 

Surveys and any illogical responses were noted for the WAMHS team to address during 

the data cleaning process. A data file with all coded questionnaire responses was then 

uploaded into the WAMHS database by the study team.  

3.7.1.2. Pilot study evaluation 

At the conclusion of the pilot study period, feedback was sought from participants and 

practitioners regarding several aspects of the study. An evaluation of the completed 

consent forms and questionnaires was also undertaken to identify particular questions or 

sections that were poorly completed or problematic. A review of the telephone call log 

of participant calls to the WAMHS Freecall line was also carried out. This was to 

identify areas of the study that frequently caused confusion and that required 

restructuring or simplification in the information brochure or consent form. Any 

problems or issues arising from the blood collection process or recruitment process 

were also considered, to determine whether alternative processes or amendments to the 

current processes were required. 

Practitioner feedback surveys were mailed out to all doctors contacted during the pilot 

study (Appendix M). The surveys asked for feedback on the practitioner information 

sheet, patient suitability forms, timing of reminder letters, the study poster and the study 

as a whole. Participant surveys were sent to all consenting participants of the pilot study 

and addressed ease of recall for each section of the questionnaire, the length of the 

questionnaire, the participant information brochure, reasons for not consenting to give 

blood samples and reasons for participating in the study (Appendix O). Practitioner 

surveys were sent to 153 practitioners and 41 responses were received. Of the 144 

participant surveys sent, 92 completed surveys were returned.  



CHAPTER 3: THE WESTERN AUSTRALIAN MELANOMA HEALTH STUDY 

97 
 

As a result of the pilot study evaluation, several key conclusions were drawn. Outcomes 

from the participant feedback survey and a review of the completed questionnaires 

highlighted the need for a simpler and shorter questionnaire that was easier to 

administer. In particular, the sun exposure sections were too detailed for the 

requirements of the study and were affecting response fractions. 

The review of completed consent forms identified sections that were poorly completed 

and required modification. Due to the format of the form (layout and use of cross out 

options), particular sections were repeatedly not completed and restructuring of the form 

was necessary. The recurring nature of some participant questions to the Freecall line 

suggested that sections of the participant information brochure were unclear and that 

amendments were required to clarify this information. The main outcome from the 

practitioner feedback survey was that the study poster was under-utilized in 

surgeries/clinics. No issues were identified with the blood collection or recruitment 

processes. 

3.7.2. Full Scale Implementation Period and Questionnaire Amendments 

The full scale implementation of the study commenced in July 2007 and consisted of 

two phases. Phase I ran from July 2007 to December 2008 and incorporated a number 

of changes to study materials and processes as a result of the pilot study evaluation. 

Phase II involved further changes to the administration of the questionnaire and ran 

from January 2009 to March 2010, when data collection for the study ceased.  

3.7.2.1. Phase I implementation  

Phase I involved implementing all necessary changes to the study that arose from the 

evaluation of the pilot study. Considerable changes were made to the questionnaire and 

these are discussed separately in Section 3.7.2.2. Furthermore, the importance of 

epidemiological data to the WAMHS was highlighted during the pilot study, and 
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consent to complete the questionnaire was therefore added as a requirement for consent 

into the study, and included on the consent form. The consent form was further 

modified to use “tick boxes” throughout instead of “cross-out” options, in an effort to 

make the method of completion consistent across all sections and increase accurate 

completion rates. The form was also reworded and restructured to reflect a new 

questionnaire delivery method (discussed in Section 3.7.2.2). 

Another key change was the restructure and rewording of the participant information 

brochure. The restructure included consideration on how best to present the study, its 

various components and the options for consent in a clearer manner. This process also 

included a comprehensive review of the new National Health and Medical Research 

Council National Statement on Ethical Conduct in Research, which was released during 

the modification period284.  

The laminated A4 WAMHS study poster was removed from the practitioner mail-out, 

as it required a lengthy preparation time and was not considered useful by practitioners. 

The ‘Mole Counting Chart’ sent to participants with the questionnaire was also 

amended, to incorporate better quality pictures provided by dermatologist Dr 

Christopher Quirk and the Cancer Council of Western Australia. The chart was also 

reformatted to enable a clearer distinction to be made between naevi and other skin 

features.  

A new component of the study was also introduced as part of the full scale 

implementation, as a result of a new collaboration and research opportunity. The 

Natural History of Scarring sub-study was designed to investigate the environmental 

and genetic factors affecting scar progression and healing following melanoma excision. 

This sub-study is discussed separately in Chapter 5. 
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3.7.2.2. Phase I questionnaire 

As part of the full-scale implementation, the questionnaire content and method of 

administration were amended to improve the quality of the data and simplify the process 

for participants. The administration of the questionnaire was modified to include a 

telephone interview component. The key content changes related to the sun exposure 

sections, which were redesigned and abridged to enhance ease of responding and make 

them suitable for interview delivery.  

Less focus was placed on sun exposure throughout adulthood and the questionnaire 

concentrated on childhood and adolescent periods, using both qualitative and 

quantitative questions. Further, as the study was not designed to specifically investigate 

sun exposure, the work and residence calendar and comprehensive recreational 

exposure sections were considered too detailed for the requirements of the study and 

therefore removed. Residential history, main occupations and history of sunburn for 

certain time periods were included instead, along with sunbed use at any point in life. 

The questions used in the pilot study questionnaire regarding host risk factors were 

retained. The resulting full launch questionnaire was therefore essentially a subset of the 

pilot questionnaire, with comparable questions asked in a more condensed format. 

In Phase I of the full launch, administration of the questionnaire became a two-part 

process, incorporating a self-completion component and a telephone interview 

component. Simplified questions regarding host risk factors, such as eye colour, or 

questions requiring measurement of any kind, such as height, remained in a self-

completion questionnaire (Part 1). Questions requiring more detail or asking the 

participant to recall earlier life experiences, for example sun exposure, were asked in the 

interview (Part 2). A section regarding suitable days and times for conducting the 

interview was added to the self-completion questionnaire. Once this part of the 
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questionnaire was returned to the WAMHS, participants were telephoned for their 

interview. 

The Cardiff Teleforms and Liquid Office  (Vista, California, United States of America) 

software packages were used by Dr Gemma Cadby to create a scannable version of Part 

1 of the new questionnaire (the self-reported component) and an online version of Part 2 

(the interview component) respectively. Once returned by mail, the Part 1 questionnaire 

was processed by the study team using the Teleforms system. Questionnaires were 

scanned and responses verified, then data was uploaded into the WAMHS database. 

Following receipt of the Part 1 questionnaire, the participant was telephoned, on a day 

and time nominated by them on the returned questionnaire, to complete the interview 

with a trained interviewer.  

A question-by-question guide for each interview question was developed by the 

candidate, providing scripts for each question, background information, instructions on 

recording responses and standard protocols. Suitable interviewers were recruited and 

provided with training on interviewing technique and a briefing on the questionnaire. A 

log was kept for each attempt to call participants and scheduled appointments to call 

back noted on an appointment roster. Data from completed interviews were then 

extracted from Liquid Office and once cleaned, were uploaded into the WAMHS 

database. 

Table 3.3 presents a summary of variables collected in both the pilot and full-scale 

implementation questionnaires, which also highlights the differences between the two 

versions. 
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Table 3.3: Summary of variables collected in the Western Australian Melanoma Health 
Study pilot and full-scale implementation studies 
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3.7.2.3. Phase I evaluation 

Moving from an entirely self-completion to combined self-completion and interview 

administered questionnaire increased the questionnaire completion rate. The 

restructuring of the consent form and participant information brochure was also 

successful, with a vast improvement in the accurate completion of the consent form and 

greatly reduced number of calls to the Freecall number. The number of calls to the 

Freecall number decreased from approximately one telephone call for every three letters 

sent from the WACR during the pilot study, to one telephone call for approximately 

every 10 letters following the modifications. As the majority of calls received during the 

pilot study were regarding queries about where components of the study could be 

completed, the decrease in calls was attributed to clearer information in the amended 

information brochure. 

3.7.2.4. Phase II implementation and questionnaire 

In Phase II, the administration of the questionnaire was changed to an entirely interview 

based process. A copy of the entire interview-based questionnaire is presented in 

Appendix P. No other aspects of the study were amended in this phase. The change to 

the questionnaire administration was made to eliminate the lengthy time involved in 

processing the hard-copy Part 1 questionnaires, and to reduce the number of missing 

values for those questions. As administration of the Part 2 interview previously relied 

on the return of the Part 1 questionnaire, the aim was to increase the overall response 

rate by removing the need for participants to return any form of questionnaire. For 

consistency with Phase I participants, the Part 1 questions were sent to patients to 

review prior to the interview and their answers were then recorded as part of the 

interview (Appendix Q). Participants were also sent the ‘Mole Counting Chart’ and 

asked to count their naevi and measure their height and weight prior to being called for 
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the interview. A call-back system was devised for participants who had not completed 

these measurements at the time of their interview.  

3.7.3. Biospecimens 

3.7.3.1. Specimen types and collection protocol 

Blood samples were collected for extraction of three types of biological material: serum, 

DNA and RNA. Serum samples were collected for use in biochemical analyses and 

DNA samples for genotyping and use in a variety of genetic and gene-environment 

interaction studies. The RNA samples were collected for use in gene expression studies. 

Participants could either consent to provide blood samples for DNA and serum samples 

only, or to provide these and an additional sample for RNA. RNA samples were a 

separate component as they could only be collected at specific locations. 

Blood samples were collected at PathWest centres (commercial pathology collection 

centres) throughout Western Australia, which are located in both metropolitan (21 

centres) and regional (48 centres) areas. Fasting by participants was not required prior to 

blood sample collection. Participants were sent a pathology request form detailing the 

samples that they had consented to and presented these at the PathWest centre. The 

combination of study components that the participants consented to determined where 

their blood samples were collected.  

Participants who consented to blood samples for serum and DNA only could attend any 

metropolitan or rural PathWest centre in Western Australia. For logistical reasons, the 

specialised PAXgene collection tubes for RNA collection could not be provided to 

every PathWest centre in the state. Therefore, participants who also consented to an 

additional sample for RNA were asked to attend the Queen Elizabeth-II Medical Centre 

branch of PathWest for all samples to be collected, as it is centrally located at a large 

teaching hospital in the Perth metropolitan area. Staff at this PathWest branch were 
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trained in blood sample collection using the PAXgene system and collection tubes were 

stored at the centre and periodically restocked by WAMHS staff. Participants 

consenting to RNA collection were also sent a map of the Queen Elizabeth-II Medical 

Centre, indicating the PathWest location. 

During the scarring sub-study period, participants consenting to participate in a scar 

examination could also provide an RNA sample at the Royal Perth Hospital PathWest 

collection centre. Staff at this centre were familiar with the PAXgene system and did 

not require additional training. PAXgene collection tubes were not stored at the Royal 

Perth Hospital centre due to the larger centre size and higher volume of research study 

blood collection, which increased the likelihood of WAMHS tubes being used in error 

for other studies. Instead, participants attending for their scar examination were 

provided with all required collection tubes (DNA, RNA and serum) after their 

examination to take to the PathWest centre. Once collected, all samples were 

transported to the WADB, where they were processed and stored. The WADB manages 

the samples via a Laboratory Information System that is linked to the WAMHS 

database.  

Serum samples were collected in either one 10 mL or two 5 mL Vacutainer SST tubes 

(Becton Dickinson). At the time of collection, tubes were inverted to mix the clot 

activator in the tube with the blood and then sat vertically at room temperature for 30 

minutes to allow a clot to form. Tubes were then centrifuged at the PathWest centre 

between 1100g and 1300g for 10 - 15 minutes within two hours of collection. Serum 

was separated from the clot and stored at 4°C until transported to the WADB, within 

24 - 48 hours. Samples were then dual site banked at -40°C in WADB storage facilities 

at two metropolitan Perth hospitals, the Queen Elizabeth-II Medical Centre and Royal 

Perth Hospital. 
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One 9 mL sample for DNA was collected in an EDTA tube (Becton Dickinson) during 

the pilot study. This quantity was doubled in the full-scale implementation, with ethical 

approval, to 18 mL. Following collection, samples were stored at 4°C until transported 

to the WADB. WADB staff centrifuged the samples at 3000g for 15 minutes at room 

temperature and removed the buffy coat (a layer of leukocytes). Samples were then 

stored at -20°C until the DNA extraction process was performed, using a standard 

salting out method285. DNA samples were then dual site banked at -40°C at the Queen 

Elizabeth-II Medical Centre and Royal Perth Hospital. 

RNA samples were collected in two 2.5 mL PAXgene collection tubes (Becton 

Dickinson). All blood samples were collected from the same blood draw and the sample 

for RNA was collected last, as per the manufacturer’s instructions. Manufacturer 

instructions also required filled collection tubes to be inverted eight to 10 times and 

stored at room temperature until transported to the WADB. Samples were then 

processed by the WADB and RNA extracted using Qiagen PAXgene Blood RNA 

processing kits.  

3.7.3.2. Biospecimen collection clinic 

A large number of participants’ biospecimen samples were still outstanding towards the 

end of the data collection phase. These participants were mailed a letter advising them 

that the initial recruitment and data collection phase of the study would be ending in 

March 2010, and that data collection would not continue beyond this date. The letter 

requested that they attend a PathWest clinic prior to this date, or attend a blood sample 

collection clinic to be run by the WAMHS in February 2010. Blood samples (DNA, 

RNA and serum) were able to be collected at the clinic and there were also interviewers 

available to complete the questionnaire as a face-to-face interview. 
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The clinic was held on a weekend in the Western Australian Institute for Medical 

Research seminar room, where cubicles were set up for blood sample collection. 

PathWest staff and medical students from The University of Western Australia were 

employed to collect the blood samples. Following collection, serum samples were 

centrifuged in Western Australian Institute for Medical Research laboratories and all 

serum, DNA and RNA samples refrigerated until they could be delivered to the WADB 

the following week for processing. Chilling of RNA samples was required, contrary to 

standard room temperature storage, due to the delay in processing and was confirmed as 

suitable protocol by laboratory personnel. 

Of the 340 participants who were still active in the study (not withdrawn or deceased) 

and who were contacted regarding outstanding blood samples, 27 (7.9%) attended the 

clinic and 97 (28.5%) attended a PathWest centre on the day of the clinic or in their own 

time before the study end date. Ten of the 27 who attended the clinic also completed 

their questionnaire by interview and an additional two participants attended only to 

complete their interview. Interviews were conducted in separate rooms to ensure 

privacy. 

3.7.4. Demographic and Histopathological Data 

Histopathological details of the melanoma of interest (that was diagnosed during the 

study period) and basic demographic variables were obtained from the WACR. These 

data were obtained for all consenting participants. All variables were coded as part of 

routine WACR data collection from pathology forms by WACR staff. These data were 

then exported into the WAMHS Access database at the WACR on a weekly basis. 

Histopathological data for all invasive and in situ melanoma diagnoses notified to the 

WACR both before and after the participant’s involvement in the WAMHS were also 

collected, as a single composite variable for each diagnosis. Regular updates to the data 
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ensured that subsequent melanomas were captured until the end of the data collection 

period.  

Key histopathological variables for the melanoma of interest included Breslow 

thickness, Clark’s level of invasion and tumour ICD-O-10 morphology and topography 

codes. Demographic data included date of birth, sex, name, address, date of diagnosis 

and date of death (if applicable). Additional variables, predominantly internal WACR 

administrative variables, were also included in the data export from the WACR. These 

included codes for the basis of diagnosis and tumour behaviour, which indicated factors 

such as whether the tumour was invasive, in situ or metastatic in nature. Updated 

pathology data are obtained from the WACR on an annual basis to update date of death 

fields.  

3.8. SAMPLE SIZE AND RESPONSE FRACTIONS 

The final figures and response fractions for the study, including separate questionnaire 

and blood sample participation fractions, are detailed in the flowchart in Figure 3.2. At 

the conclusion of the data collection period, 3,420 cases of melanoma that met the 

ICD-O code requirements had been notified to the WACR. Of these, 3,391 (99%) were 

still alive at the time their doctor was to be contacted. Doctors actively gave consent for 

the WAMHS to contact 2,457 (72.5%) patients and passive consent was assumed for 

782 (23.1%) patients whose doctors did not respond in the required time. Doctors 

refused consent for 108 (3.2%) patients on medical grounds. Due to time constraints, 

not all patients with melanoma notifications, or their doctors, were able to be contacted 

during the study period. There were 44 (1.3%) patients whose doctors were not 

contacted for this reason. 
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Figure 3.2: Western Australian Melanoma Health Study response and participation 
fractions flow chart 

 

In total 3,239 (94.7%) patients were suitable for contact about the WAMHS and of 

these 1,643 (50.7%) consented to participate. There were 644 (19.9%) cases who 

refused to participate, 713 (22.0%) who did not respond after reminders and 239 (7.4%) 

cases were excluded. Reasons for exclusion were inability to contact the patient due to 

time restraints (n=83) or inability to locate a correct address (n=112), medical reasons 

(n=4), the patient not residing in Western Australia (n=8), the patient not able to speak 

English (n=1) or the patient dying subsequent to doctor contact but prior to patient 

contact (n=31). 
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Of those participants who consented (n=1,643), there were 1,455 (88.6%) who 

completed some part of the study; either full or part completion of the questionnaire 

and/or provision of a blood sample. These 1,455 participants are considered to be the 

WAMHS sample, as they actually participated in some component of the study. Of the 

WAMHS sample, 1,157 (79.5%) participants from the full launch study completed both 

the full questionnaire and provided a blood sample. In the pilot study, 87 (60.4%) 

participants completed both of these components.  

The detailed breakdown of completion fractions for all study components is presented 

in Table 3.4. The majority of participating cases completed all blood sample and 

full-launch questionnaire requirements, or all blood sample and pilot questionnaire 

requirements (85.5%). Most remaining participants completed either only the 

full-launch questionnaire (9.7%) or only provided a blood sample (2.5%). 

 

 

 

 

 

 

 

 



CHAPTER 3: THE WESTERN AUSTRALIAN MELANOMA HEALTH STUDY 

112 
 

Table 3.4: Detailed Western Australian Melanoma Health Study component completion 
figures (n=1,455)a 

Study components n [%] 

Blood sample and complete full-launch questionnaire (Part 1 + Part 2) 1,157 [79.5]  

Blood sample and Part 1 full-launch questionnaire only 6   [0.4] 

Blood sample and Part 2 full-launch questionnaire only 6   [0.4]  

Blood sample and pilot questionnaire 87   [6.0]  

Blood sample only 37   [2.5]  

Part 1 and Part 2 full-launch questionnaire only 141   [9.7]  

Part 1 full-launch questionnaire only 6   [0.4]  

Part 2 full-launch questionnaire only 6   [0.4]  

Pilot questionnaire only 9   [0.6]  

a The WAMHS sample, consisting of any participants who fully or partly completed questionnaires 
and/or provided blood samples, in both the pilot and full-launch studies. 

 

3.9. SAMPLE CHARACTERISTICS 

Characteristics of the WAMHS sample (as defined in Section 3.8) are described in 

terms of key demographic, histopathological, phenotypic and exposure variable 

distributions, using WACR histopathological and WAMHS questionnaire data. 

Comparisons between samples are also presented, to determine how representative the 

WAMHS sample was of the WACR melanoma population and differences between 

melanoma cases who consented, who did not consent, or who did not reply. 

Distributions between the samples were tested using Pearons’s Chi-Square test or 

Fishers’ exact test. All analyses were performed in the statistical packages PASW 

Statistics 18 (SPSS Incorporated, Chicago, United States of America) and R286 v2.14.1. 

(R Foundation for Statistical Computing, Vienna, Austria). 
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3.9.1. Demographic and Histopathological Characteristics 

Demographic and histopathological variable distributions for the WAMHS sample as a 

whole (n=1,455) are shown in Table 3.5. The gender distribution in the WAMHS 

sample was very slightly in favour of males (58.6%) and it was an older cohort; with 

40.2% aged between 60 and 74 years of age and 32.3% aged 45 to 59 years at diagnosis. 

The average age at diagnosis was 60.6 years (SD=13.0), with a minimum age of 18.5 

years and a maximum age of 81.0 years. Eligible cases were restricted to those under 

the age of 80 years (refer to Section 3.6.1) but as age at diagnosis was calculated from 

date of birth and diagnosis date, some discrepancies occurred due to rounding.  

There was a large proportion of thin melanomas within the sample, with a Breslow 

thickness less than or equal to 1 mm recorded for 71.8% of participants. The same 

distribution was not observed for Clark’s Level in the sample, with relatively similar 

numbers of participants diagnosed in each of the Level II, III and IV categories (36.8%, 

25.4% and 32.4%, respectively). The most common anatomical site for tumour location 

was on the trunk (38.1%), followed by a relatively even split between upper (23.6%) 

and lower (22.1%) limbs.  

Distributions for the total eligible WACR population of melanoma cases (n=3,420) are 

also shown in Table 3.5. The eligible WACR population is defined as all adult 

individuals diagnosed with invasive melanoma, as per the previously defined ICD 

codes, between January 2006 and September 2009.  
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Table 3.5: Demographic and histopathological variable distributions of the Western 
Australian Melanoma Health Study (WAMHS) sample and the eligible Western 
Australian Cancer Registry (WACR) populationa 

Variable WAMHSb

(n=1,455)

n [%]

WACR Populationc

(n=3,420)

n [%]

p-valued 

Sex  

Male 853 [58.6]  2,066 [60.4]  

Female  602 [41.4]  1,354 [39.6] 0.26 

  

Age  

18 - 29 23   [1.6]  132   [3.9]  

30 - 44 182 [12.5] 542 [15.9]  

45 - 59 470 [32.3] 1,073 [31.4] <0.0001 

60 - 74 585 [40.2] 1,253 [36.6]  

>75 195 [13.4] 420 [12.3]   

    

Breslow thickness (mm)    

0 - 1.00 1,045 [71.8] 2,402 [70.2]  

1.01 - 2.00 216 [14.9]  498 [14.6]   

2.01 - 4.00 102   [7.0]  266   [7.8]  0.34 

>4.00 53   [3.6] 157   [4.6]  

Missing*  39   [2.7] 97   [2.8]  

    

Clark’s Level    

II 535 [36.8] 1,245 [36.4]  

III 370 [25.4] 837 [24.5]  

IV 472 [32.4] 1,114 [32.6] 0.72 

V 35  [2.4] 100  [2.9]  

Missing* 43  [3.0] 124  [3.6]  

   

Site   

Head and neck 231 [15.9] 567 [16.6]  

Trunk 555 [38.1] 1,310 [38.3] 0.85 

Upper limb 343 [23.6] 803 [23.5]  

Lower limb 321 [22.1] 720 [21.1]  

Missing* 5   [0.3] 20   [0.6]  
a Table adapted from manuscript presented in Appendix A 
b n=1455, consists of any participants who fully or partly completed questionnaires and/or provided blood 
samples for DNA, in both the pilot and full-launch studies. 
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c n=3420 consists of all adult individuals diagnosed with invasive melanoma between January 2006 and 
September 2009 notified to the WACR. 
d Pearson’s Chi-Square test p-value for differences between populations 

* Not included in statistical tests  

 

Compared to the total eligible WACR population, the distributions of sex, Breslow 

thickness, Clark’s level and site were not significantly different in the WAMHS sample 

(tested using Pearson’s Chi-Square test). There was, however, a significant difference in 

age between the two groups, with a greater proportion of older participants in the 

WAMHS sample (p<0.0001). There were more individuals aged 60 - 74 years in the 

WAMHS sample compared to the WACR population. 

WACR data were available for all consenting WAMHS cases (n=1,643), not just those 

comprising the WAMHS sample who completed at least one of either the questionnaire 

or biospecimen provision (n=1,455). Descriptive analyses were also performed on these 

1,643 cases, and the distributions compared with those for the WAMHS sample (data 

not shown). No statistically significant differences were observed between the two 

groups. It was therefore concluded that the subset of participants who completed some 

part of the WAMHS study requirements did not differ from the consenting sample as a 

whole.  

The geographical distribution of the WAMHS sample was also compared to the general 

Western Australian population. Geographical classification of postcodes determined 

that the WAMHS sample comprised approximately 70% metropolitan dwelling 

participants and 30% rural dwelling participants. This is a similar distribution to the 

state geographical distribution of 74% metropolitan and 26% rural dwelling287.  

Within the WAMHS sample, differences in the distribution of demographic and 

histopathological variables were compared by sex using Pearson’s Chi-Square test 
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(Table 3.6). Analyses found significant differences in the age distribution and site of the 

melanoma between males and females. Males tended to be older, with a greater 

proportion aged 60 years and over (p<0.0001). Further, males were more likely to have 

a melanoma on their head, neck or trunk compared with females, whilst females were 

more likely to have a melanoma on an upper or lower limb (p<0.0001). No significant 

differences were observed between males and females for Breslow thickness or Clark’s 

Level. 
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Table 3.6: Demographic and histopathological variable distributions of the Western 
Australian Melanoma Health Study (WAMHS) sample stratified by sex (n=1,455) 

Variable Males (n=853)

n [%]

Females (n=602) 

n [%] 

p-valuea

Age  

18 - 29 9   [1.1] 14   [2.3] 

30 - 44 71   [8.3] 111 [18.4] 

45 - 59 255 [29.9] 215 [35.7] <0.0001

60 - 74 382 [44.8] 203 [33.7] 

>75 136 [15. 9] 59   [9.8] 

  

Breslow thickness (mm)   

0 - 1.00 600 [70.3] 445 [73.9]  

1.01 - 2.00 129 [15.1] 87 [14.5] 0.10

2.01 - 4.00 68   [8.0]  34   [5.6] 

>4.00 37   [4.3]  16   [2.7] 

Missing* 19   [2.2]  20   [3.3] 

   

Clark’s Level  

II 314 [36.8] 221 [36.7] 

III 206 [24.2] 164 [27.2] 0.31

IV 293 [34.3] 179 [29.7] 

V 20   [2.3] 15   [2.5] 

Missing* 20   [2.3] 23   [3.8] 

  

Site  

Head and neck 164 [19.2] 67 [11.1] 

Trunk 398 [46.7] 157 [26.1] 

Upper limb 172 [20.2] 171 [28.4] <0.0001

Lower limb 116 [13.6] 205 [34.1] 

Missing* 3   [0.4] 2   [0.3]  
a Pearson’s Chi-Square test p-value for differences between males and females 

* Not included in statistical tests  
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3.9.2. Phenotypic and Exposure Characteristics 

Phenotypic and environmental exposure characteristics were available for those 

participants who had completed the relevant questions in the questionnaire. There were 

1,322 participants who completed some part of either Part 1 or Part 2 of the full-launch 

questionnaire, and it is the characteristics of this subset of the WAMHS sample that are 

presented in this section. Results are presented for the sample of 1,322 as a whole and 

stratified by sex, with differences between males and females assessed using Pearson’s 

Chi-Square test or Fishers’ exact test.  

Phenotypic characteristics, predominantly related to pigmentation, are presented in 

Table 3.7, as are data related to family history of melanoma. The majority of 

participants were Caucasian, with 61.5% reporting themselves to be Caucasian of 

English background and 33.4% Caucasian of Scottish, Irish or Welsh background. 

Participants were able to nominate up to two ethnic backgrounds if requested, however 

this option was not offered outright, in an attempt to simplify responses. The majority of 

participants who reported dual ethnic backgrounds reported Australian as ‘Other 

Caucasian’ as their second ethnicity. Although not tested statistically (as categories 

were not independent), there was an observed difference in reported ethnicity between 

males and females, with females more likely to be of ‘Other Caucasian’ or Southern 

European background, and males more likely to be of Northern European background. 

Males also tended to report Scottish, Irish, Welsh or English descent slightly more often 

than females. 

In total, approximately half of participants reported having Type III skin, that is, they 

would sometimes burn but usually tan (50.8%). A significant difference existed between 

males and females in terms of their self-reported skin type. A higher proportion of 

females reported being of Type I skin compared with males, and a higher proportion of 

males reported having Type III skin compared with females (p<0.0001). 
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Table 3.7: Phenotypic characteristics of the Western Australian Melanoma Health Study 
(WAMHS) sample, stratified by sex (n=1,322)a 

Variable WAMHS b

(n=1,322) 

n [%]

Males

(n=769)

n [%]

Females 

(n=553) 

n [%] 

p-valuec

Self-reported ethnicitye  

Caucasian – English 813 [61.5] 478 [62.2] 335 [60.6] 

Caucasian – Scottish, Irish, Welsh 442 [33.4] 263 [34.2] 179 [32.3] 

Caucasian – Northern European 125   [9.5] 80 [10.4]  45   [8.1] 

Caucasian – Southern European   41   [3.1] 16   [2.0] 25   [4.5] 

Caucasian – Eastern European 14   [1.1] 9   [1.2]  5   [0.9] N/Ae

Caucasian – Other  180 [13.6] 92 [12.0] 88 [15.0] 

Indigenous 2   [0.2]  2   [0.3]  0      [0] 

South-East Asian 0      [0]  0      [0] 0      [0] 

North-East Asian   0      [0] 0      [0] 0      [0] 

South-Asian 0      [0]  0      [0] 0      [0] 

Middle Eastern 3  [0.2]  2  [0.3]  0      [0] 

Pacific Islander 4  [0.3]  1  [0.1]  3  [0.5] 

African 1  [0.1]  1  [0.1]  0     [0] 

Missing* 13  [1.0]  5  [0.7]  8  [1.4]  

  

Skin colour  

Very fair 237 [17.9] 123 [16.0] 114 [20.6] 

Fair 970 [73.4] 573 [74.5] 397 [71.8] 0.07

Olive/brown 102   [7.7] 65   [8.5]  37   [6.7] 

Dark 0       [0] 0      [0] 0      [0] 

Missing* 13   [1.0] 8   [1.0]  5   [0.9] 

  

Skin type (Fitzpatrick Scale)  

Type 1  

Always burns, never tans 

311 [23.5] 143 [18.6] 168 [30.4] 

Type 2 

Usually burns, never tans 

300 [22.7] 171 [22.2] 129 [23.3] <0.0001

Type 3  

Sometimes burns, usually tans 

671 [50.8] 426 [55.4] 245 [44.3] 

Type 4  

Never burns, always tans 

28   [2.1]  21   [2.7] 7    [1.3] 

Missing* 12   [0.9]  8   [1.0] 4    [0.7] 
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Table 3.7 continued   

Variable WAMHS b

(n=1,322) 

n [%]

Males

(n=769)

n [%]

Females 

(n=553) 

n [%] 

p-valuec 

Hair colour at age 18   

Red 140 [10.6] 66   [8.6] 74 [13.4]   

Fair/blonde 274 [20.7] 162 [21.1] 112 [20.2]  

Light/mouse brown 444 [33.6] 244 [31.7] 200 [36.2] <0.0001d 

Grey 24   [1.8]  23   [3.0]  1   [0.2]  

Dark brown 355 [26.9] 205 [26.7] 150 [27.1]  

Black 72   [5.4]  61   [7.9]  11   [2.0]  

Missing* 13   [1.0]  8   [1.0]  5   [0.9]   

   

Eye colour   

Blue 562 [42.5] 355 [46.2] 207 [37.4]  

Grey 71   [5.4] 39   [5.1] 32   [5.8]  

Green 180 [13.6] 93 [12.1] 87 [15.7] <0.001 

Hazel 301 [22.8] 150 [19.5] 151 [27.3]  

Brown 195 [14.7] 24 [16.1] 71 [12.8]  

Missing* 13   [1.0] 8   [1.0] 5   [0.9]  

   

Family history of melanoma   

No 1,011 [76.5] 602 [78.3] 409 [74.0]  

1 affected first-degree relative 252 [19.1] 137 [17.8] 115 [20.8] 0.17 

>1 affected first-degree relatives 59   [4.5] 30   [3.9] 29   [5.2]  
a Table adapted from manuscript presented in Appendix A. 
b n=1322, consists of individuals who completed any of Part 1 or Part 2 questionnaires in the full-launch 
study phases. 
c Pearson’s Chi-Square test p-value for differences between males and females. 
d Fisher’s exact test p-value (due to low cell counts) for differences between males and females 
e More than one ethnicity was able to be reported, therefore total responses (n=1625) is greater than 
number of participants. Percentages shown represent proportion of participants not responses and 
therefore do not sum to 100. As categories were not independent, Pearson’s Chi-Square and Fisher’s 
exact test were not appropriate to test for statistical differences between males and females. 
f Breakdown based on previously reported categories288 
* Not included in statistical tests 
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Distributions of skin, hair and eye colour were generally consistent with what would be 

anticipated for the major pigmentation risk factors for melanoma. Over 90% of 

participants reported having fair or very fair skin colour and 56.1% had blue or 

green eyes. Red hair was reported by 10.6% of participants, which is greater than the 

estimated prevalence of 2 - 6% in the general population137, 149, 289. A further 20.7% of 

participants had fair or blonde hair. A higher than expected proportion of people 

reported dark brown hair (26.9%), although when considering the sample as a whole, 

close to 65% of participants reported light coloured hair. The distribution of hair and 

eye colour differed between male and female participants. Men were more likely to 

have black hair, and women more likely to have red hair (p<0.0001). Further, men were 

more likely to report blue or brown eyes, whilst women were more likely to report hazel 

or green eyes (p<0.001).  

Just under a quarter of participants (23.6%) reported a family history of melanoma, with 

19.1% reporting one affected first-degree relative and 4.5% reporting more than one 

affected first-degree relative. First-degree relatives were defined as parents, siblings and 

offspring. There were no statistically significant differences observed between males 

and females with respect to the number of first-degree relatives affected with 

melanoma. Although not reported here, participants were also asked to report family 

history of other cancers in first-degree relatives. 

Measures relating directly or indirectly sun exposure are presented in Table 3.8. 

Measures of direct exposure during occupational and recreational activities were 

collected using personal exposure measures for critical periods, as well as a number of 

indirect measures, including ambient UV exposure, sunburn and sunbed use. Degree of 

freckling and number of naevi were also collected and are included here as indirect 

measures of sun exposure.  
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Table 3.8: Sun exposure characteristics of the Western Australian Melanoma Health 
Study (WAMHS) sample, stratified by sexa 

Variable WAMHS a

(n=1,322)

n [%]

Males

(n=769)

n [%]

Females 

(n=553) 

n [%] 

p-valueb 

School day exposure, 5 - 12 years   

0 hours 8   [0.6] 2   [0.3] 6   [1.1]  

0.5 - 2 hours 501 [37.9] 263 [34.2] 238 [43.0]  

2.5 - 4 hours 685 [51.8] 420 [54.6] 265 [47.9]  <0.001 c 

4.5 - 6 hours 102   [7.7] 67   [8.7] 35   [6.3]  

6.5 - 8 hours 5   [0.4]  5   [0.7]  0     [0]   

Missing* 21   [1.6]  12   [1.2]  9  [1.6]   

   

Recreational exposure, 5 - 12 years   

0 hours 5   [0.4]  1   [0.1]  4   [0.7]   

0.5 - 2 hours 120   [9.1] 40   [5.2] 80 [14.5]   

2.5 - 4 hours 302 [22.8] 137 [17.8] 165 [29.8]  <0.0001 c 

4.5 - 6 hours 475 [35.9] 277 [36.0] 198 [35.8]   

6.5 - 8 hours 398 [30.1] 302 [39.3]  96 [17.3]   

Missing* 22   [1.6]  12   [1.6]  10   [1.8]   

     

Week day exposure, 13 - 19 years   

0 hours 64   [4.8] 33   [4.3] 31 [56.3]  

0.5 - 2 hours 664 [50.2] 313 [40.7] 351 [63.5]  

2.5 - 4 hours 396 [30.0] 257 [33.4] 139 [25.1]   

4.5 - 6 hours 105   [7.9]  84 [10.9]  21   [3.8]  <0.0001 c 

6.5 - 8 hours 80   [6.1]  76   [9.8]  4   [0.7]   

Missing* 13   [1.0]  6   [0.8]  11   [2.0]   

   

Recreational exposure, 13 - 19 years   

0 hours 3   [0.2]  0      [0]  3   [0.5]   

0.5 - 2 hours 151   [11.4]  39   [5.1] 112 [20.2]  

2.5 - 4 hours 363 [27.5] 149 [19.4] 214 [38.7]   

4.5 - 6 hours 429 [32.5] 274 [35.6] 155 [28.0]  <0.0001 c 

6.5 - 8 hours 351 [26.6] 291 [37.8] 60 [10.8]   

Missing* 25   [1.9]  16   [2.1]  9   [1.6]   
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Table 3.8 continued  

Variable WAMHS a

(n=1,322)

n [%]

Males

(n=769)

n [%]

Females 

(n=553) 

n [%] 

p-valueb

Place of birth  

Australia 986 [74.6] 582 [75.7] 404 [73.0] 

New Zealand 57   [4.3]  29   [3.8]  28   [5.1]  

England 143 [10.8] 80 [10.4]  63 [11.4]  

Scotland/Ireland/Wales 39   [3.0]  23   [3.0]  16   [2.9]  0.86

Northern Europe 28   [2.1]  16   [2.1]  12   [2.2]  

Other 57   [4.3]  34   [4.4]  23   [4.2]  

Missing* 12   [0.9]  5   [0.6]  7   [1.3]  

  

Blistering sunburn, 5-12 years   

0 times 506 [38.3] 271 [35.2] 235 [42.5]  

1 - 5 times 536 [40.5] 325 [42.3] 211 [38.2]  

6 - 10 times 133 [10.1] 85 [11.1]  48   [8.7]   

> 10 times 107   [8.1] 68   [8.8]  39   [7.0]  0.07c 

Don’t know 23   [1.7]  11   [1.4]  12   [2.2]   

Missing* 17   [1.3] 9   [1.2]  8   [1.4]   

  

Blistering sunburn, 13- 19 years     

0 times 578 [43.7] 344 [44.7]  234 [42.3]  

1 - 5 times 533 [40.3] 311 [40.4]  222 [40.2]  

6 - 10 times 107   [8.1] 62   [8.1]  45   [8.1]  0.65c 

> 10 times 79   [6.0]  39   [5.1]  40   [7.2]   

Don’t know 8   [0.6]  4   [0.5] 4   [0.7]   

Missing* 17   [1.3]  9   [1.2]  8   [1.5]   

   

Sunbed or sunlamp use   

0 1,146 [86.6] 698 [90.8]  448 [81.0]  

1 - 9 78  [6.0]  29   [3.8]  49  [8.9]   

10 - 49 53  [4.0]  24   [3.1]  29  [5.2]   

50 - 99 10  [0.8]  3   [0.4]  7  [1.3]  <0.0001 

100 - 499 10  [0.8]  2   [0.3]  8  [1.4]   

>500 5  [0.4] 2   [0.3]  3  [0.5]   

Missing* 20  [1.5]  11   [1.4]   9  [1.6]   
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Table 3.8 continued   

Variable WAMHS a

(n=1,322)

n [%]

Males

(n=769)

n [%]

Females 

(n=553) 

n [%] 

p-valueb 

Naevi summary (Total)   

None 141 [10.7] 80 [10.4]  61 [11.0]   

Few 463 [35.0] 263 [34.2] 200 [36.2]   

Some 502 [38.0] 292 [38.0] 210 [38.0]  0.75 

Many 201 [15.2] 123 [16.0] 78 [14.1]   

Missing* 15   [1.1] 11   [1.4]  4   [0.7]   

   

Naevi count (back)d   

0 200 [15.1] 103 [13.4] 97 [17.5]   

1 - 9 413 [31.2] 228 [29.6] 185 [33.5]   

10 - 24 352 [26.6] 212 [27.6] 140 [25.3]   

25 - 49 212 [16.0] 121 [15.7] 91 [16.5]  <0.01c 

50 – 99  90   [6.8]  66   [8.9]  24   [4.3]   

100 - 199 30   [2.3]  22   [2.9]  8   [1.4]   

≥200 4   [0.3]  2   [0.3]  2   [0.4]   

Missing* 21   [1.6]  15   [2.0]  6   [1.1]   

   

Freckling, childhood   

None 310 [23.5] 212 [27.6] 98 [17.7]   

Very Few 415 [31.4] 257 [33.4] 158 [28.6]   

Few 270 [20.4] 153 [19.9] 117 [21.2]   

Some 184 [13.9] 88 [11.4]  96 [17.3]  <0.0001 

Many/Very Many 131   [9.9] 51   [6.6]  80 [14.5]   

Missing* 12   [0.9]  8   [1.0] 4   [0.7]   

   

Freckling, adulthood   

None 384 [29.1] 273 [35.5] 111 [20.1]  

Very Few 501 [37.9] 302 [39.3] 199 [36.0]  

Few 218 [16.5] 103 [13.4] 115 [20.8] <0.0001 

Some 142 [10.7] 57   [7.4]  85 [15.4]   

Many/Very Many 65   [4.9]  26   [3.4]  39   [7.0]   

Missing* 12   [0.9]  8   [1.0]  4   [0.7]   
a n=1322, consists of individuals who completed any of Part 1 or Part 2 questionnaires in the full-launch 
study phases 
b Pearson’s Chi-Square test p-value for differences between males and females 
c Fisher’s exact test p-value (due to low cell counts) for differences between males and females 
d Breakdown based on previously reported categories288 
* Not included in statistical tests 
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Direct measures of sun exposure were determined for various life-time periods and for 

both warmer (spring and summer) and cooler (autumn and winter) months. As discussed 

in Section 3.7.2.2, the focus was on exposure during childhood and adolescence, so 

more detailed questions were asked for these periods. It is these detailed questions that 

are presented here as a sample of the direct sun exposure questions asked. Questions 

asked for all remaining time periods were summary categorical measures of time spent 

outdoors. 

Between the ages of five to 12 years, the majority of participants (51.8%) recalled 

having spent between 2.5 - 4 hours outdoors on school days during the warmer months 

of spring and summer. Participants were specifically asked to consider time not under 

any shade and between the hours of 9am to 5pm. School days were considered 

equivalent to occupational exposure in older age periods. Few participants (0.4%) 

reported spending over 6.5 hours in the sun during these times. For the same age period 

but considering weekends or recreational exposure, higher levels of outdoor activity 

were reported, as would be expected. A third of participants reported spending over 6.5 

hours in the sun, with only 9.1% recalling spending less than two hours outdoors. Males 

were significantly more likely to have spent more time outdoors for both school 

day/occupational (p<0.001) and weekend/recreational activities (p<0.0001), which may 

be related to the different types of activities often undertaken by males and females.  

In adolescence, a higher proportion of participants reported spending fewer hours in the 

sun during school or occupational activities than in childhood years. Compared with 

38.5% when aged five to 12 years, 55.0% of participants spent less than two hours 

outdoors during these hours when aged 13 to 19 years. However, at the very high end of 

the exposure scale, there was a slight increase in the proportion of participants who 

spent between up to eight hours outdoors, from 0.4% in childhood to 6.1% in 

adolescence. As in childhood, participants reported considerably higher levels of 
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outdoor activity during weekend recreational activities than weekday occupational 

activities. Nearly two thirds (59.1%) of participants spent more than 4.5 hours outdoors 

during recreational activities, compared to 14.0% during occupational activities. The 

distribution of recreational sun exposure was similar to that in childhood. A significant 

difference was also observed between males and females in exposure patterns during 

adolescence. Males were more likely to spend more time outdoors, with a more 

pronounced difference in distribution apparent during recreational activities (p<0.0001).  

Ambient sun exposure is one of the key indirect assessments of sun exposure. Measures 

included in the WAMHS were place of birth and age at migration, as well as duration of 

residence in sunny environments. Nearly three-quarters (74.6%) of participants were 

born in Australia and approximately 14% in the United Kingdom. Other common places 

of birth were New Zealand and Northern Europe, which were reported by 4.3% and 

2.1% of participants respectively. Other countries of birth that occurred in lower 

percentages covered a wide range of regions, including Africa, Asia, the Middle East, 

the Americas and Eastern and Southern Europe. No significant sex differences existed 

for place of birth amongst participants. 

In terms of potential migration studies, participants moving from places of low ambient 

UVR exposure to Australia, where there is a high ambient UVR exposure, would be of 

particular interest. For example, the participants who were born in the United Kingdom 

and Northern Europe. The minimum age of arrival in Australia for participants born 

overseas was their year of birth and the maximum was 76 years. On average, 

participants moved to Australia when they were 27.0 years old (SD=15.3). The age at 

migration is important for studies investigating melanoma risk associated with critical 

periods of exposure92. 
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Number of naevi is the most important risk factor for melanoma risk and is associated 

with sun exposure12, 73, 290. When asked to consider the diagrams in Figure 3.3 that 

depicts various numbers of naevi on individuals, the majority of participants (73.0%) 

reported ‘few’ or ‘some’ total naevi at the time of completing the questionnaire. 

 

 

Figure 3.3: Diagram depicting number of naevi categories from the Western Australian 
Melanoma Health Study questionnaire 

 

Participants were also asked to count the actual number of naevi on their back, as a 

proxy measure of total body naevus count291. Participants were advised to seek 

assistance from someone to conduct the mole count, or to use two mirrors in order to 

view their own back if no assistance was available. On average, participants reported 20 

naevi (SD=32.4) each, with counts ranging from zero to 477 in total. A count of zero 

was reported by 15.1% of participants. Just under one third of participants (31.2%) had 

less than 10 naevi on their backs, which is similar to the number who reported having 

‘few’ naevi in total from the diagrammatic question (35.0%). High numbers of naevi 

(>50) were reported by 9.4% of participants, with 2.6% of these counting in excess of 

100 naevi. Comparatively, a larger proportion of individuals reported ‘many’ naevi in 

the diagrammatic question (15.2%). However, it must be noted that these results are 
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self-reported and many individuals have trouble distinguishing naevi from other skin 

blemishes. Therefore no firm inferences can be made from these figures. In particular, 

counts in the order of 400 - 500 naevi on an individual’s back suggest that other skin 

blemishes have been included in the count. 

No statistically significant differences in the number of naevi reported in reference to 

the diagram were observed between males and females. Conversely, a significant 

difference was noted when participants were asked to count the number of naevi on 

their back, such that males were more likely to report very high counts (p<0.01).  

Degree of freckling is considered a proxy measure for sun exposure. Participants were 

asked to report the number of freckles present in childhood and adulthood with respect 

to the diagram in Figure 3.4 that depicts various degrees of freckling.  

 

 

Figure 3.4: Diagram depicting degree of freckling categories from the Western Australian 
Melanoma Health Study questionnaire 

 

Overall, participants tended to report a higher number of freckles in childhood 

compared to adulthood. Approximately 10% of participants who considered themselves 

to have ‘many’ or ‘very many’ freckles during childhood and only 4.9% reported the 



CHAPTER 3: THE WESTERN AUSTRALIAN MELANOMA HEALTH STUDY 

129 
 

same in adulthood. Similarly, the proportion of participants reporting ‘few’ (20.4%) or 

‘some’ (13.9%) freckles during childhood was higher than the proportions reported in 

adulthood, which were 16.5% and 10.7%, respectively. During childhood, 23.5% of 

participants reported no freckling and 31.4% of reported ‘very few’ freckles. In 

comparison, a higher proportion of participants reported no freckling (29.1%) or ‘very 

few freckles’ (37.9%) during adulthood. Degree of freckling was significantly different 

between males and females, with males less likely to have freckling compared with 

females for both childhood (p<0.0001) and adulthood (p<0.0001) periods. 

Sunburn is often used as an indirect measure of sun exposure, particularly cases that 

were severe or caused blistering92. Similar to freckling, the number of incidents of 

blistering sunburn decreased from childhood to adolescence. The proportion of 

participants reporting six to 10 episodes (10.1%) or more than 10 episodes (8.1%) of 

blistering sunburn during childhood decreased during adolescence by 2% and 2.1%, 

respectively. In addition, 38.3% of participants reported no episodes of blistering 

sunburn during childhood, which increased to 43.7% in adolescence. There were no 

differences between the sexes with regards to episodes of blistering sunburn in 

childhood or adolescence.  

There is growing evidence that sunbed use is associated with melanoma, due to the high 

levels of artificial UV light that users are exposed to96, 97. In the WAMHS sample, 156 

participants (11.8%) reported having used a sunbed. Of these participants, 50.0% had 

used a sunbed less than 10 times and 33.9% between 10 and 49 times. The remaining 

16.0% reported having used a sunbed over 50 times, with five participants reporting in 

excess of 500 times. Females were significantly more likely to have used a sunbed than 

males (p<0.0001). 
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Overall, WAMHS participants tended to be of European, or Caucasian, descent and 

with corresponding fair pigmentation traits, although almost half reported a skin type 

with a tendency to tan. Males spent significantly more time in the sun during childhood 

and adolescence than females, whilst females were significantly more likely to have 

used a sunbed. A relatively low number of naevi were reported by participants overall 

but males reported higher total body counts than females. Degree of freckling appeared 

to diminish with age, as did the incidence of severe sunburn in both males and females. 

3.9.3. Characteristics by Consent Status 

Demographic and histopathological characteristics of all eligible and contacted WACR 

cases were stratified by consent status, to determine how representative consenting 

cases were of the larger Western Australia melanoma population. All consenting 

WAMHS participants (n=1,643) were compared with the non-consenting (n=644) and 

non-responding (n=713) individuals using Fisher’s exact test (Table 3.9). 

Consenting cases did not differ significantly from the non-consenting cases in the 

distributions of Breslow thickness, sex, Clark’s level and site. The age distribution, 

however, did differ significantly between the two groups (p<0.0001). Individuals aged 

between 18 and 59 years of age were more likely to consent to participate in the 

WAMHS, and individuals aged between 60 and 80 years were more likely to not 

consent for the study. 

Comparison of consenting cases versus non-responders also found that the distributions 

of Breslow thickness, Clark’s level and site did not differ significantly. However, the 

sex distribution was significantly different (p=0.01), with a greater proportion of males 

not replying versus consenting to participate, and females more likely to consent. The 

age distribution also differed significantly (p<0.0001), with individuals aged between 
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18 and 29 years more likely to not reply, and individuals aged between 60 and 74 years 

more likely to consent to participate. 

In summary, younger individuals were more likely to actively consent than actively not 

consent to participate in the study. However, when considering non-response versus 

active consent, younger individuals and males were more likely to not respond 

regarding participation. The non-responders accounted for a slightly larger proportion 

(52.5%) of individuals who did not consent to participate than the active 

non-consenters.  
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Table 3.9: Characteristics of eligible Western Australian Cancer Registry cases, stratified 
by consent statusa 

Variable Consent 

(n=1,643) 

n [%] 

Non-consent

(n=644)

n [%]

Consent 
vs non-
consent  

p-valueb

No reply

(n=713)

n [%]

Consent vs. 
no reply  

p-valueb 

Sex   

Male 959 [58.4]  385 [59.8] 457 [64.1]  

Female 684 [41.6]  259 [40.2] 0.57 256 [35.9] 0.01c 

   

Age   

18 - 29 38   [2.3] 11   [1.7] 61   [8.6]  

30 - 44 229 [13.9]  57   [8.9] 185 [26.0]  

45 - 59 535 [32.6]  164 [25.5] <0.0001 252 [35.3] <0.0001 

60 - 74 666 [40.5]  272 [42.2] 171 [24.0]  

75 - 80 175 [10.7]  140 [21.7] 44   [6.2]  

   

Breslow 
thickness (mm) 

  

0 - 1.00 1,182 [71.9]  460 [71.4] 516 [72.4]  

1.01 - 2.00 238 [14.5]  80 [12.4]  102 [14.3]  

2.01 - 4.00 117   [7.1] 61   [9.5]  0.20 47   [6.6]  0.87 

>4.00 62   [3.8]  21   [3.3]  32   [4.5]   

Missing* 44   [2.7]  22   [3.4]  16   [2.2]   

   

Clark’s Level   

II 604 [36.8] 241 [37.4] 276 [38.7]  

III 421 [25.6] 148 [23.0] 168 [23.6]  

IV 524 [31.9] 208 [32.3] 0.10 228 [32.0] 0.85 

V 45  [2.7] 14   [2.2] 19   [2.7]   

Missing* 49  [3.0] 33   [5.1] 22   [3.1]   

   

Site   

Head and neck 270 [16.4]  115 [17.9] 98 [13.7]  

Trunk 625 [38.0]  255 [39.6] 264 [37.0]  

Upper limb 382 [23.3]  142 [22.1] 0.63 185 [26.0] 0.24c 

Lower limb 359 [21.9]  131 [20.3] 163 [22.9]  

Missing* 7   [0.4]  1   [0.2] 3   [0.4]   
a Table reproduced from manuscript presented in Appendix A 
b Fisher’s exact test p-value (due to low cell counts) for differences between consent-status groups 
c Pearson’s Chi-Square test p-value for differences between males and females  

* Not included in statistical tests 
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3.10. VALIDATION OF SELF-REPORTED MELANOMA DIAGNOSES 

Self-reported melanoma diagnosis history from the WAMHS questionnaire was 

validated against WACR melanoma diagnoses data. The aim of these analyses was to 

determine how accurately participants recalled their individual history of melanoma 

diagnoses, including previous diagnoses and the current melanoma of interest for the 

WAMHS. Self-reported history was validated by comparing the number of melanoma 

diagnoses reported by participants in the WAMHS questionnaire with the number 

recorded by the WACR. The WACR is considered to be a valid source of cancer 

diagnoses, as all positive diagnoses confirmed by pathology report are notified to the 

registry by law in Western Australia. 

3.10.1. Data Sources and Data Manipulation 

The sample for these analyses consisted of any participant from the WAMHS sample 

who had completed Part 2 of the full-launch questionnaire, which included self-reported 

melanoma history. The WAMHS questionnaire asked participants to recall each 

melanoma that they had been diagnosed with by a doctor, including the current 

melanoma of interest for the study. For each melanoma, the year of diagnosis and where 

the participant was living at the time of diagnosis were recorded. As only melanomas 

diagnosed post 1982 and in Western Australia were recorded in WACR data, only 

self-reported diagnoses that met these criteria were included. Any cases with missing 

data for either of these variables were included. 

As described in Section 3.7.4, WACR data included information not only on the 

melanoma of interest but on any in situ or invasive melanoma diagnosed prior to or 

following the melanoma of interest, up until the data collection period ceased. 

Therefore, WACR data included all cases of melanoma diagnosed in Western Australia 
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from the year 1982 until March 2010 for each individual. Any diagnoses made after 

participants completed their questionnaire were excluded.  

3.10.2.  Analytic Methods  

Descriptive analyses were used to determine the frequency of diagnoses for both 

self-reported and WACR-reported tumours. WACR-reported diagnoses were separated 

into invasive and in situ diagnoses. The correlation between WAMHS self-reported 

diagnoses and WACR-reported invasive diagnoses was considered first as the primary 

correlation. A secondary analysis included both invasive and in situ melanomas from 

the WACR reported data.  This sensitivity analysis was performed as it was unknown if 

participants would include in situ melanomas when reporting diagnoses in the 

questionnaire. 

To determine the correlation of the self-reported data with the WACR data an interclass 

correlation coefficient (ICC) was calculated. An absolute agreement ICC was 

calculated, to take into account systematic differences between the two methods and a 

two-way random effects model of single measures was used. 

3.10.3. Descriptive and Validation Results 

The final sample consisted of 1,312 WAMHS participants who had completed the 

melanoma history section of the questionnaire. Eight participants reported only 

melanomas that were diagnosed outside of Western Australia and/or prior to 1982 and 

were therefore excluded. Two further cases were excluded as they had missing 

questionnaire completion dates and it could not be confirmed that their WACR-reported 

diagnoses had occurred before they completed the questionnaire. Self-reported and 

WACR-reported distributions of diagnosed melanomas in the remaining 1,302 

individuals are shown in Table 3.10. Reported frequencies of six and above were 

categorised together for analyses due to low frequencies. 
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Table 3.10: Total number of valida self-reported and Western Australian Cancer Registry 
(WACR) reported melanoma diagnoses in 1,302 Western Australian Melanoma Health 
Study (WAMHS) participants 

Frequency WAMHS self-reported 
melanomasa 

n [%]

WACR reported 
invasive melanomas

n [%]

WACR reported in 
situ melanomas

n [%]

1 1,019 [78.3] 1,104 [84.8] 177 [13.6]

2 160 [12.3] 158 [12.1] 45   [3.5]

3 68   [5.2] 28   [2.2] 7   [0.5]

4 29   [2.2] 5   [0.4] 2   [0.2]

5 10   [0.8] 2   [0.2] 0      [0]

>6 16   [1.2] 5   [0.4] 1   [0.1]
a Valid melanomas are those diagnosed after 1982 and in Western Australia for WAMHS self-reported 
data and those diagnosed prior to the date of WAMHS questionnaire completion for WACR reported 
data. 

 

Following the exclusions described in Section 3.10.1, the number of melanomas 

diagnosed after 1982 and in Western Australia reported by these 1,302 participants 

ranged from one to 13. The majority of participants reported to have only been 

diagnosed with one melanoma (78.3%). Few participants reported a large number of 

multiple melanomas, with 10 and 13 diagnoses each reported by only one participant.  

The number of WACR-reported invasive melanomas ranged from one (84.8%) to eight 

(0.1%) and the number of in situ diagnoses ranged from zero (82.2%) to six (1%). In 

terms of invasive tumours, 84.8% of participants had only received one diagnosis (the 

melanoma of interest for the WAMHS). Diagnoses of more than four melanomas in one 

individual accounted for less than 1% of participants. Comparatively, few participants 

received diagnoses of in situ melanoma (17.8%). Of these, 13.6% had been diagnosed 

with one and only 4.2% with multiple in situ tumours. 

The correlation between self-reported and WACR-reported invasive melanomas was 

considered fair, with the ICC=0.47 (95% CI: 0.41–0.52). When in situ melanomas were 

included in the WACR data, the correlation improved slightly (ICC=0.59, 
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95% CI: 0.55 - 0.62), such that the degree of correlation between the two methods of 

reporting was considered moderate.  

As neither ICC result indicated a strong agreement between self-reported and 

WACR-reported diagnoses, this suggests that the ability of participants to recall and 

report their melanoma history is modest. Results also suggest that melanoma patients do 

include in situ diagnoses when reporting their melanoma history. This may have 

implications for studies considering only invasive tumours if included in 

epidemiological models for analyses, as it may lead to inconsistent results. 

3.11. DISCUSSION 

The WAMHS is a population-based case collection of melanoma patients recruited from 

the WACR. Phenotypic, histopathological, clinical and biospecimen data collected 

during the study and genotypic data derived from analyses are linked, forming a 

comprehensive resource for melanoma researchers. Compared with other international 

resources, the WAMHS is one of the single largest population-based collections of 

melanoma cases and will facilitate investigation into the genetic determinants of 

susceptibility and prognosis, and their interactions with environmental factors. Results 

from these investigations will increase current knowledge regarding the complex causal 

pathways underlying melanoma aetiology and lead towards translation into a clinical 

setting at both the individual and population level. 

3.11.1. Strengths 

The WAMHS is novel in its non-family based approach and focus on common, 

low-penetrance genetic determinants. Most other published studies from Australia and 

international consortiums, even those using population-based recruitment,  have adopted 

a familial approach to investigating the disease84, 281, 283 or have initially focused on high 

penetrance susceptibility genes282 or early onset disease283.  
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Another key strength of the WAMHS is the breadth of data collected. In addition to 

biospecimen and genetic data, it includes epidemiological data on a range of 

environmental and host risk factors, as well as demographic data and histopathological 

data. Furthermore, biospecimen types include not only DNA and serum but RNA 

samples for almost half of the subjects. Self-completion and interview administered 

questionnaires were used to collect detailed information on all known risk factors for 

melanoma; sun exposure, pigmentation characteristics, skin reaction to the sun and 

family history of melanoma. The relatively low levels of missing responses for most 

data obtained via the interview is a further strength of the resource, and demonstrates an 

important advantage of administering questionnaires by telephone interview. 

3.11.2. Limitations 

A limitation of the risk factor data collected from the WAMHS questionnaires is that 

they are self–reported and subject to recall and reporting bias. It has been well 

documented that accurate recall of sun exposure is difficult to obtain, with sun exposure 

questions often only enabling classification into low, medium and high exposure84, 283. 

In an effort to overcome this limitation, several indirect measures of sun exposure were 

also collected that were considered easier to recall, such as place of residence and 

sunburn history. These measures of ambient sun exposure are often more reliable as 

they do not rely on recollection of specific amounts of sun exposure and are easy to 

classify and record92. However, as the link between sun exposure and melanoma is well 

known in the public arena, it is possible that participants may also over-report the 

amount of exposure received as a justification for their diagnosis.  

3.11.3. Generalisability of the WAMHS 

The quality of the WAMHS sample is enhanced by the fact that it is generally 

representative of the larger Western Australia melanoma population. Analyses of the 

participating WAMHS sample (n=1,455) found that the distribution of sex, Breslow 
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thickness, Clark’s Level and tumour site were consistent with those in the WACR 

melanoma population (n=3,420). The only significant difference between the two 

groups was the age distributions of the samples. There were more individuals aged 

between 60 and 74 years in the WAMHS compared with the WACR population, 

indicating a potential bias towards older people in the study population. However, as 

factors that may bias potential genetic determinants of melanoma, such as tumour 

characteristics, are not different between the WAMHS sample and the non-participants, 

the age difference is not considered to significantly affect internal validity. 

Further supporting the generalisability of the WAMHS sample is the distribution of 

urban and rural dwelling participants, which were approximately the same as the 

general population distribution in Western Australia. This suggests that there were no 

sampling biases due to the geographical location of participants. 

The response fraction of consenting cases (50.7%) was lower than desirable, although 

this figure is in line with other studies that have recruited participants via a cancer 

registry, and is therefore considered acceptable282, 292. Recruitment via the WACR is 

also likely to have reduced sampling and selecting biases. Compared with recruitment 

using methods such as clinic or hospital-based recruitment, cancer registry-based 

recruitment facilitates attainment of a study sample more likely to be representative of 

the general population279, 280.  

Comparisons of consenting (n=1,643), non-consenting (n=644) and non-responding 

(n=713) melanoma cases revealed that consenting subjects and non-consenting subjects 

had different age distributions, with fewer individuals aged between 60 and 80 years 

consenting. This pattern in age distribution is different to that observed when the 

WAMHS sample (n=1,455) was compared to the WACR population as whole 

(n=3,420), as different subsets of each population are considered in each assessment.   
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Consenting subjects and non-responders also had different age distributions, such that 

males were more likely to be non-responders compared with females. A difference was 

also observed in sex distributions between the two groups, with subjects aged 18 to 59 

years of age more likely to be non-responders compared to all other age groups. This 

indicates that in the context of inviting all melanoma cases to participate, consenting 

subjects were younger than non-consenting subjects, but older than non-responders. 

Further, females were more likely to consent than not reply.  

The increased number of older individuals observed in the WAMHS sample compared 

to the overall WACR may in part be due to the tendency for younger people to not 

respond regarding participation. As with the comparison between the WAMHS sample 

and the WACR population, the age difference between the consenting, non-consenting 

and non-responding groups is not regarded as a significant issue for internal validity. 

The potential bias observed in the sex distribution between consenting and non-

responding individuals, however, may need to be taken into consideration when 

analysing some data.  

3.11.4. Participant Characteristics 

Sample characteristics for pigmentation traits were mostly consistent with those 

expected in a melanoma population given the known risk factors for the disease 

(discussed in Section 2.2.5), with a high incidence of fair skin, blue or green eyes and 

red or blonde hair. Similarly, approximately 95% of participants reported being 

Caucasian of English, Scottish, Irish or Welsh descent. The number of participants 

reporting a propensity to tan rather than burn may have been higher than expected, 

given that tendency to burn is a key risk factor for melanoma. However, variation in 

skin type has been observed in other studies of melanoma cases, with distributions 

observed in the WAMHS not dissimilar to some other studies84, 283, 288, 293. 
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Similarly, given the importance of an increased number of naevi as a risk factor for 

melanoma, that 10 - 15% of participants reported having no naevi present was greater 

than expected. Compared to other Australian studies that also reported a separate 

category of zero naevi, the proportion of WAMHS participants reporting no naevi was 

greater than one study but approximately equal to that reported in the other283. It is 

unclear why these results were observed, although it may be due to self-reporting error 

or bias. 

Differences were observed in the distributions of skin type, hair colour and eye colour 

between males and females. Compared with females, males were more likely to report 

that they had Type III skin (sometimes burns, usually tans), black hair and blue or 

brown eyes. These differences may also be due to systematic self-reporting biases. For 

example, males may be more likely to report a straightforward or standard eye colour 

than females, who were more likely to report green or hazel eyes.  

Current hypotheses suggest that most sun damage occurs during the early years of life92. 

In line with this, the proportion of the WAMHS sample reporting a high number of 

hours spent outdoors during recreational activities was greater than the proportion 

reporting the same in adolescence. However, in conflict with this, a lower than expected 

proportion of participants reported very high hours of sun exposure on school or week 

days during childhood compared to adolescence. Similarly, when considering other sun 

exposure measures, the low number of sunburn incidents was inconsistent with what 

would be expected for patients with melanoma and with figures reported in at least one 

other Australian study84. However, sunburn data were reported only for childhood and 

adolescent years in the WAMHS, which may have restricted the number of incidents 

able to be reported or contributed to recall error. Degree of freckling reported for 

childhood was higher than that for adulthood, which is in consistent with the literature 

that freckles can fade over time294-296. 
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Differences observed between male and female participants with regards to measures of 

sun exposure may largely be explained by differences in behaviour. The anatomical site 

distribution of tumours between men and women were consistent with the literature and 

in line with the most commonly exposed sites for each sex10, 15, 34. Further, males spent a 

higher proportion of time outdoors in both childhood and adolescence, which may be 

because males are generally more likely to play outdoor sport and games than 

females297. Similarly, females were more likely to have used a sunbed than males, 

which has been observed in other populations and may be related to behavioural 

differences and social influences on tanning and appearance10, 97, 298, 299. Females 

reported a lower number of naevi and a higher degree of freckling than males. If both of 

these traits are considered proxy measures of sun exposure, it would be expected that 

they would have more comparable distributions. This inconsistency may suggest that 

these self-reported data are unreliable, or it may be that females in the sample were able 

to distinguish naevi from other blemishes more accurately and therefore reported fewer 

naevi.  

3.11.5. Validation of Self-Reported Melanoma Diagnoses 

A validation study of self-reported melanoma diagnoses from questionnaire data against 

WACR reported diagnoses found a relatively low correlation between the two. This 

result indicates that self-reported melanoma history may not be accurate and caution 

should be used when including these data in analyses. Further, this may have 

consequences for other epidemiological studies relying on self-reported melanoma 

history data. It is unlikely that this finding could be usefully extrapolated to other cancer 

studies, however, as few other cancer types recur as often as melanoma.  

A possible explanation for the low correlation is that many participants may not 

consider a melanoma diagnosis, especially an in situ melanoma, as significant as other 

cancer diagnoses, and therefore not place as much emphasis on recalling detailed 
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diagnosis information. On the other hand, correlation between self-reported and registry 

reported history did improve when in situ melanomas were included in the WACR data. 

This may in fact indicate that participants do place value on all melanoma diagnoses but 

human error results in poor recall of specific details. 

3.11.6. Summary 

The WAMHS resource is novel and largely representative of all Western Australian 

melanoma cases, with data that will contribute to the field of melanoma research. 

Common, complex human diseases such as melanoma are associated with significant 

long-term morbidity and mortality, and are a major public health problem both in 

Australia and worldwide. An enhanced understanding of the genetic effects implicated 

in the disease process can potentially lead to the development of better and more 

specific interventions to reduce the impact of melanoma on the community.  

Understanding how aetiological factors act at a population level will be a critical step 

for the clinical utilisation of new genomic knowledge and tools to improve clinical 

practice and public health. Current applications of genetic epidemiology have started to 

lay the building blocks for understanding the complex pathways that lead to melanoma 

but there remains a long road ahead to understanding the many complexities of the 

disease. The WAMHS resource will hopefully enable further steps to be taken towards 

disentangling this complex disease.  
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CHAPTER 4                                                              

CLINICAL AND GENETIC EPIDEMIOLOGY OF SCAR 

OUTCOME POST MELANOMA EXCISION 

4.1.  INTRODUCTION 

All patients diagnosed with melanoma undergo surgical excision to remove the tumour 

from the skin, typically resulting in fine line scar outcomes. There is marked variation 

in the aesthetic appearance of these scars but limited knowledge about the factors 

influencing their severity. Scarring can therefore be considered a treatment outcome of 

melanoma that requires further investigation. Furthermore, melanoma patients are a 

relatively homogenous population in which to investigate outcomes of surgical scarring, 

as the resulting linear scars facilitate simple assessment and comparison between 

participants.  

The majority of research on scar outcome to date has been on keloid scars. Keloid scars 

are considered distinct from other scars, such as fine line scars resulting from surgery, 

due to their clinical course and physical manifestation300, 301. There has been limited 

research into factors that affect the severity of non-keloid, surgical scar outcomes. 

Whilst wound infection, surgical technique, stress on scars and poor post-operative care 

are thought to influence these scar outcomes, there has been limited research into other 

factors that may affect their severity211, 215. In particular, there is little known about 

genetic polymorphisms that may be associated with variation in non-keloid scar 

outcomes. Proposed genetic determinants for keloid scarring, such as specific MHC 

alleles and the role of genes such as TGF-β in wound repair, suggest that variation in 

outcomes of non-keloid scarring could also have a genetic basis208, 213, 271, 273.  
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Although raised or pigmented fine line scars may not give rise to the functional or 

cosmetic impairments of keloid scars, poor cosmetic outcomes in these scars can be 

considered unacceptable by patients and affect their quality of life230. Detection of 

genetic factors associated with non-keloid scars following surgery may contribute to an 

understanding of the biological mechanisms underlying variation observed in the most 

common type of scar outcome. Knowledge of factors that influence scar outcome has 

the potential to identify patients at risk of poor scar outcomes, who can then be 

monitored more closely and treated with rigorous scar management techniques as they 

become more available. Furthermore, the results of such research could potentially be 

applied to any patient undergoing a surgical procedure that will result in a scar. 

Participants from the WAMHS represent a population with surgical scars, following 

surgical excision of a melanoma. As fair-skinned individuals are at a higher risk of 

melanoma and a lower risk of keloid scarring, this population is likely to have 

predominantly non-keloid scar outcomes12, 66, 86, 226, 300. Therefore, the Natural History 

of Scarring project was designed as a longitudinal sub-study of the WAMHS to enable 

investigation into the environmental and genetic factors affecting scar progression and 

healing in melanoma patients.  

This chapter first describes the overall Natural History of Scarring project (scarring 

sub-study hereafter) and secondly, the study undertaken by the candidate using these 

data. The aim of the candidate’s study was to investigate the clinical and genetic factors 

associated with non-keloid scar outcomes. This chapter outlines the recruitment and 

data collection for the overall scarring sub-study, and then presents the methods and 

results for analyses completed by the candidate, followed by a discussion of these 

results.  

 



CHAPTER 4: CLINICAL AND GENETIC EPIDEMIOLOGY OF SCAR OUTCOME POST MELANOMA EXCISION 

145 
 

4.2. CANDIDATE’S CONTRIBUTION 

The candidate worked with Dr Anastasia Phillips (WAMHS staff member) to establish 

the design and setup of the study. The candidate was involved in planning the logistics 

of the study, preparing ethics applications, producing study protocols and liaising with 

Royal Perth Hospital staff. Study materials were compiled by the candidate, Dr Phillips 

and Dr Gemma Cadby. Recruitment and data collection were coordinated by the 

candidate, and conducted by WAMHS personnel and the candidate. All analyses were 

conducted by the candidate.  

4.3. ETHICAL AND DATA ACCESS APPROVALS 

Analyses conducted by the candidate in this chapter using WAMHS data were granted 

approval by the WAMHS Management Committee and by The University of Western 

Australia’s Human Research Ethics Committee (reference RA/4/1/1878). 

4.4. MANUSCRIPT 

A manuscript based on analyses from this chapter has been published in Archives of 

Dermatological Research. The manuscript describes the association of clinical factors 

and wound repair genes with scar outcome post melanoma excision, and a copy of this 

manuscript is presented in 0.  

4.5. SCARRING SUB-STUDY RECRUITMENT AND DATA COLLECTION 

This section describes the recruitment and data collection process for the overall 

scarring sub-study. This component of the WAMHS ran from July 2007 to December 

2008, at which point resourcing issues required biospecimen collection to be prioritised 

over continuation of data collection for the scarring sub-study. 
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4.5.1. Recruitment 

At the time of consenting to the WAMHS, subjects had the option of consenting to 

participate in the scarring sub-study and separately, to a 12 month follow-up 

appointment for this sub-study. During the recruitment period for this sub-study, all 

subjects who were invited to participate in the WAMHS were invited to participate in 

the sub-study.  

Subjects who agreed to participate in the sub-study were sent an additional information 

sheet (Appendix S) regarding the scarring component along with their WAMHS 

questionnaire package. This sheet included instructions on a list of medical history 

information to bring to their scar examination appointment and outlined the need for no 

tanning products to be applied prior to attending, to ensure accurate skin colour 

measurement.  

4.5.2. Scar Examination Protocol Overview 

An overview of the scar examination process is presented here, with each step described 

in more detail in Section 4.5.4. Scar examinations were conducted at the McComb 

Foundation at Royal Perth Hospital. Upon arrival, the participant was asked to complete 

a Mini Questionnaire regarding medical conditions and medications. The examiner then 

completed the Scar Examination Tool questions with the participant and examined the 

scar in a clinical examination room. Anatomical markings were made on the 

participant’s back by the scar examiner and photographs of their back (to enable a naevi 

count at a later date) and the scar were taken in the procedure room, by Royal Perth 

Hospital Medical Illustrations Unit staff. Spectrophotometer and tonometer 

measurements were then taken in the clinical examination room. Finally, if the 

participant had consented but not yet given blood samples for the WAMHS study, they 

were asked to attend the Royal Perth Hospital PathWest centre and provide these 
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samples. They were provided with a biohazard bag containing each of the required tubes 

and printed directions to the designated PathWest centre. 

Participants who consented to attend a 12 month follow-up examination were contacted 

the following year and asked to make another appointment at the McComb Foundation. 

The follow-up appointment involved administration of the 12 Month Re-Examination 

Tool (essentially a follow-up version of the Scar Examination Tool), a scar 

examination, photographs of the scar and spectrophotometer and tonometer readings.  

4.5.3. Scar Examiners 

In total, thirteen individuals performed the scar examinations and ran the examination 

sessions throughout the study period. The candidate performed a quarter of all 

examinations. All examiners undertook a training session with Professor Fiona Wood 

and the candidate prior to conducting examinations. Professor Wood conducted the 

clinical aspect of the training on how to examine and classify the scar and the candidate 

explained how to complete the questionnaires and run the examination session. The first 

scar examination undertaken with participants was supervised by clinical professors. All 

examiners were given the same training, with the aim of ensuring consistency across all 

examinations.  

4.5.4. Data 

Data for the scarring study were collected from pathology forms, questionnaires, scar 

examinations, photographs, spectrophotometer and tonometer readings. Each of these 

data sources is described below. 

4.5.4.1. Histopathology data 

Histopathology data relevant to scar outcome were collected from the WACR, using a 

tool designed specifically for the sub-study; the WACR Data Collection Tool 

(Appendix T). These data were collected in addition to histopathology data collected for 
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all participants for the overall WAMHS study. Data were manually obtained from 

individual pathology reports at the WACR for each subject who consented to participate 

in the sub-study. Details of the key variables collected are presented in Table 4.1. 

Dates of excisions and re-excisions were required to determine the date of the most 

recent removal of tissue at the scar site. It was considered important to control for time 

since excision in any analyses, as scars at different stages of healing are likely to confer 

a different outcome. The diagnosis date recorded for all WAMHS participants is the 

date that the melanoma was diagnosed; regardless of whether the tissue sample was 

from a biopsy or an excision. Therefore, pathology records for each consenting 

participant had to be investigated to determine if diagnosis was from a biopsy and if a 

subsequent excision was made.  

Further, as some patients required re-excision of the tumour if adequate margins were 

not attained during the first excision, details of any known re-excisions were also 

recorded. Not all re-excisions are notified to the WACR, especially when no additional 

malignant tumour is found in the re-excised tissue. Therefore, participants were also 

asked about any re-excisions as part of the Mini Questionnaire when they attended for 

the scar examination. 

Data on previously diagnosed melanomas ensured that examiners would be able to 

identify and examine the correct scar of interest, minimising error when patients had 

multiple melanomas. All other information was collected for analysis purposes only. 
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Table 4.1: Key histopathology variables collected using the WACR Data Collection tool 
for all scarring sub-study participants 

Variable Type Units/Categories 

Size of initial melanoma/lesion    

Length Continuous Millimetres (mm) 

Width Continuous Millimetres (mm) 

   

Initial excision site details   

Anatomical site of tumour Categorical Head and neck, trunk, 
back, upper limb,   
lower limb, groin 

Side of the body Categorical Right, left, midline 

   

Size of initial excision and any re-excisions    

Length Continuous Millimetres (mm) 

Width Continuous Millimetres (mm) 

Depth (where available) Continuous Millimetres (mm) 

   

   

Excision details and dates   

Previous biopsy Binary Yes vs. no 

Date of excision Date N/A 

Dates of any re-excisions Date N/A 

   

Previous melanomas   

Sequential WACR pathology record number Continuous N/A 

Body site Free-text  N/A 

Date of diagnosis Date N/A 

 

 

4.5.4.2. Questionnaires 

Self-reported data were collected via two questionnaires, the Mini Questionnaire and the 

Scar Examination Tool, both of which are described in detail below. 
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Mini Questionnaire 

The Mini Questionnaire (Appendix U) was a short questionnaire on relevant medical 

history, medications and further excision details. Details of the key variables collected 

using this instrument are presented in Table 4.2. 

Participants were asked how well the wound had healed after any excisions, as poor 

healing could affect the outcome of the scar and may need to be controlled for in 

subsequent analyses. The use of a skin graft was determined as this would affect the 

nature of the scar. Re-excision details provided an additional source of information to 

the histopathology data. 

Medical history questions determined the presence of conditions considered to 

potentially affect scar outcome. In particular, conditions related to immune response or 

inflammation that were hypothesised to affect scar outcome, as discussed in Section 

2.3.4.3. 

Information was also collected on any medications taken by the participant since their 

melanoma was removed. It was hypothesized that some medications or medication 

interactions may influence scar outcome via their influence on the rate of healing. If the 

ingredient name was not provided by the patient, WAMHS staff obtained this 

information from the MIMS Online guide302. 
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Table 4.2: Key variables collected from the Mini Questionnaire for all scarring sub-study 
participants 

Variable Type Units/Categories 

Excision and re-excision details   

Adequate healing following initial excision Binary  Yes vs. no 

Reason for inadequate healing following initial 
excision 

Categorical Infection, wound broke 
open, other 

Date of re-excision Date N/A 

Adequate healing following re-excision Binary  Yes vs. no 

Reason for inadequate healing following 
re-excision 

Categorical Infection, wound broke 
open, other 

Total number of re-excisions Continuous N/A 

Use of skin graft Binary Yes vs. no 

   

Presence of medical conditions at any time   

Asthma Binary Presence vs. absence 

Other cancer diagnoses Binary Presence vs. absence 

Diabetes Binary Presence vs. absence 

Eczema Binary Presence vs. absence 

Hay fever Binary Presence vs. absence 

High blood pressure Binary Presence vs. absence 

Kidney failure or problems Binary Presence vs. absence 

Psoriasis Binary Presence vs. absence 

Thyroid problems Binary Presence vs. absence 

Infection at time of excision Binary Presence vs. absence 

Type of infection (if applicable) Categorical Chest, flu or virus, 
gastroenteritis, skin, throat, 
urine/bladder/kidney, other 

   

Medications   

Use of medication 6 months before/after 
melanoma excision 

Binary Yes vs. no 

Medical name Free-text  

Brand name Free-text  

Medication form Categorical Cream, inhaled, injection, 
liquid, ointment, 
suppository, tablet, other 

Dosage Continuous Millilitres 
(mL)/micrograms 
(mg)/other 
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Table 4.2 continued.   

Variable Type Units/Categories 

Medications (continued)   

Frequency of usage Continuous Days/weeks/months 

Duration of usage Continuous Days/weeks/months 

Commencement date Date N/A 

Cessation date (if applicable) Date N/A 

 

Scar Examination Tool 

The Scar Examination Tool (Appendix V) was administered by examiners during the 

scar examination. The questionnaire component of this instrument consisted of 

questions regarding scar management techniques implemented by the participant since 

the melanoma had been removed and any adjuvant melanoma treatments undertaken. 

An overview of the variables collected is presented in  

Table 4.3. Results from the clinical scar examination (detailed in Section 4.5.4.3), 

spectrophotometer readings (detailed in Section 4.5.4.5) and tonometer readings 

(detailed in Section 4.5.4.6) were also recorded on the Scar Examination Tool.  

The length of use questions were tailored to each type of technique. For example, oral 

nutritional supplement questions asked how long each supplement was used for before 

and after melanoma removal, in case a dose-response effect was at play. All other 

techniques would only have been used post excision. Taping questions, for example, 

asked about either frequency of changing the tape and overall duration of use, or how 

long the tape was kept on for after initial surgery if it was not changed. For topical 

agents, silicone, tape and oral nutritional supplements, information was also collected 

about the type of agent, material or supplement used.  
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Table 4.3: Key variables collected from the Scar Examination Tool for all scarring 
sub-study participants 

Variable Type Units/Categories 

Use of scar management techniques   

Massage Binary Use vs. non-use 

Topical agents Binary Use vs. non-use 

Tape Binary Use vs. non-use 

Silicone  Binary Use vs. non-use 

Oral nutritional supplements Binary Use vs. non-use 

Sunscreen Binary Use vs. non-use 

Sun exposure of the scar Continuous Hours per week 

   

Scar management technique details   

Who prescribed the technique Categorical Doctor, pharmacist, occupational 
therapist, self, other 

Duration of use Continuous Days/weeks/months 

Frequency of use Continuous Times per day/week 

Type of material/agent   

Oral nutritional supplements Categorical Vitamin C, Calcium, other 

Silicone Categorical Sheet, ointment 

Sunscreen Categorical SPF 30, SPF 15 - 25, <SPF 15 

Tape Categorical Micropore, Fixomull, other 

Topical agent Categorical Lanolin, emollient, sorbolene, 
Vitamin E, topical steroid, 
intra-lesional steroid, other 

   

Use of adjuvant therapy   

Immunotherapy Binary Use vs. non-use 

Radiotherapy Binary Use vs. non-use 

Chemotherapy Binary Use vs. non-use 

Trial treatments Binary Use vs. non-use 

Naturopathic or alternative treatments Binary Use vs. non-use 

   

Receipt of printed scar management 
material 

  

Receipt of leaflets/brochures at time of 
melanoma excision 

Binary Yes vs. no 

Interest in receiving information Binary Yes vs. no 

Reason for no interest (if applicable) Free-text N/A 
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Questions about sunscreen application and sun exposure of the scar were also asked in 

the same manner as management techniques. Use of sunscreen would have served a 

dual purpose, as it would have moderated the effects of sun exposure and acted as a 

topical agent.   

Participants were asked about adjuvant melanoma treatments as it was hypothesised that 

as these treatments affect the body systemically, or may do in the case of some trial or 

alternative treatments, they may affect scar outcome.  

The purpose of the questions regarding receipt of printed information was to assess the 

provision of management information and the perceived need for this information. In 

light of these questions, it was considered ethical good practice to provide information 

regarding scar management to all participants attending for a scar examination. A copy 

of The Australian Society of Plastic Surgeons’, ‘Treatment of Scars’, brochure was 

therefore provided to all participants (Appendix W). 

4.5.4.3. Scar Examination 

Vancouver Scar Scale 

Despite its limitations, as the Vancouver Scar Scale (as outlined in Section 2.3.3.1) is 

currently considered the ‘gold standard’ in clinical scar assessment and has been used 

previously to assess surgical scars, it was considered appropriate for use in this study of 

excisional, surgical scars 240, 241. Scars in this study were rated using the derivative of 

the scale defined by Baryza and Baryza242, and used in the Royal Perth Hospital Burns 

Unit Scar Assessment.  

The Royal Perth Hospital Burns Unit Scar Assessment (Appendix X) classifies the scar 

outcome further than the Vancouver Scar Scale or Baryza and Baryza’s242 amended 

scale, taking into account lack of uniformity across the scar. The assessment considers 
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the percentage of body surface area that the scar covers and what percentage of the scar 

falls under each of the following overall scores: less than five, between five to 10, and 

greater than 10. As the Royal Perth Hospital Burns Unit Scar Assessment tool is 

designed to assess burn scars, the assessment was adapted for this study, as described 

below and in Figure 4.1.  

To account for variation across the scar, the ‘best’ and ‘worst’ areas of the scar were 

considered and rated separately on the four components. If the scar was considered 

uniform, the same scores for each component were recorded for both areas. A total 

score was then generated for the ‘best’ and ‘worst’ areas by summing the scores for 

each component. If this total score was less than five, that area of the scar was 

considered ‘good’. If the score was between five and 10, then that area of the scar was 

considered ‘average’ and scores above 10 rendered the scar ‘poor’.  

 

 

Figure 4.1: Assessment index used to account for variation across the scar in the Western 
Australian Melanoma Health Study, as per the Royal Perth Hospital Burns Unit Scar 

Assessment 
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The length and width (with and without stitch marks) of the scar were also recorded, as 

were the site of the scar and the presence of any scarring abnormality. Abnormalities 

were classified as atrophy, hypertrophy or keloid scarring.  

Height and weight measurements were added to the assessment protocol at a later date, 

to enable accurate determination of body mass index (BMI). Participants had all 

provided self-reported height and weight measures as part of the overall WAMHS 

questionnaire but the scar assessment provided an opportunity for the study team to 

collect more accurate measurements for the overall WAMHS study. However, as these 

measurements were not collected for all sub-study participants, analyses presented in 

this chapter use the overall WAMHS study BMI measurements. 

Manchester Scar Scale 

As the study progressed, a supplementary scar scale was also introduced. The 

Manchester Scar Scale is an alternative assessment scale to the Vancouver Scar Scale 

that is better suited to assessment of surgical scars (as discussed in Section 2.3.3.2). The 

clinical assessment sheet used in this study for the Manchester Scar Scale is shown in 

Figure 4.2.  

Whilst this scale may be more appropriate for assessing non-burns scars, it is not yet a 

standard assessment tool, so was used in conjunction with the Vancouver Scar Scale. As 

this scale was incorporated partway through the study, assessments were completed on 

too few subjects to analyse the results reliably for the study presented in this chapter. 
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Figure 4.2: Western Australian Melanoma Health Study clinical assessment sheet for the 
Manchester Scar Scale rating scale 

 

4.5.4.4. Photographs 

All photographs were taken by trained photographers from the Royal Perth Hospital 

Medical Illustrations Unit. The location and orientation of the scar was marked on a 

reference card prior to escorting the participant to the procedure room. A digital 

photograph of the reference card was taken first for recording purposes and the 

examiner also showed the photographer the exact location of the scar of interest. Digital 

photographs of the participant’s scar were taken to allow the standardisation of visual 
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examination and, if the participant consented to re-examination, comparison of the scar 

over time. Close-up photographs were taken of the scar itself and another from a 

distance to provide orientation of the scar’s location. 

A digital photograph of the participant’s back was also taken to facilitate a naevi count 

by researchers at a later date. The scar examiners marked specified anatomical locations 

on the participant’s back prior to the photographs being taken. These anatomical 

markings were at standardised locations, provided by Dr Elizabeth Milne from the 

Kidskin study303.  

The area encompassed by these anatomical locations then provided a standardised area 

on the back in which to count naevi. The anatomical locations that formed the 

boundaries for the standardised area were marked on the right and left side of the back. 

They were the acromium processes, the anterior super iliac spine and the posterior super 

iliac spine.  

All photographs were taken in the same room at Royal Perth Hospital to maintain 

consistent lighting. A standard white backdrop was used and a standard imaging 

protocol was followed by all photographers. 

4.5.4.5. Spectrophotometer readings 

Readings from a Konica Minolta CM-2500d spectrophotometer (Tokyo, Japan), using 

Spectra Magic NX software (Konica Minolta, Tokyo, Japan), were also taken to obtain 

an accurate, objective measure of the participant’s skin colour. The spectrophotometer 

is a device that emits light onto the skin’s surface and then measures the amount of light 

reflected back, with the amount of reflectance inversely related to the level of 

pigmentation in the skin304. Reflectance at particular wavelengths is correlated with 

melanin density, allowing a reasonable estimate of the melanin content to be derived304, 

305. 
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Readings were taken from the upper, inner arm of the participant, as this area is 

considered to provide the most accurate reflection of skin colour that is unaffected by 

tanning. Three readings were taken from each participant, after they had been lying in a 

supine position for 15 minutes. Lying in the supine position reduced orthostatic effects 

on skin colour. The area for the readings was required to be of even colour and texture, 

with minimal hair and without pigmented spots/lesions. The instrument was held 

perpendicular to the arm and rested on the surface of the skin to create a complete seal, 

without pressing down on the skin. Excess pressure on the skin would likely cause it to 

turn red and affect the readings.  

Following the introduction of tonometers readings (detailed in Section 4.5.4.6), 

spectrophotometer readings were taken at the end of the session, after participants had 

already been lying in a supine position for at least 15 minutes during the tonometers 

readings.  

4.5.4.6. Tonometer readings 

Tonometer readings were included in the protocol from July 2008. The aim of the 

readings was to provide an objective measure of scar pliability. Tonometers have 

traditionally been used to measure intraocular pressure but modifications have allowed 

the development of tissue tonometers, designed to assess the pliability of normal skin 

and scars306. This study used a version of the BME 1428 modified tissue tonometer 

model (manufactured by Flinders University Biomedical Engineering Department, 

Adelaide, South Australia)306.  

The instrument is designed to exert a constant force onto a plunger, that is then 

depressed into the tissue306. The depth of depression is then measured in millimetres 

from an analogue dial to assess the pliability of the scar306. The force is exerted from a 

200g weight at the top of the instrument, which exerts a pressure of 29.6 kg/cm2 onto 
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the 1 mm diameter plunger307. The plunger was designed to be narrow to facilitate 

measurement on thin line or band scars307. A spirit level is also incorporated into the 

instrument, so that the operator can ensure the instrument is kept vertical and steady 

during plunger depression307.  

The participant was shown the tonometer prior to the measurements being taken to 

confirm that they did not have any concerns. Readings were taken at two points on the 

scar and one control point adjacent to the scar. If the scar examination resulted in the 

scar classification into best and worst areas, the tonometer measurements were taken in 

the centre of these two points. If the scar was classified as uniform, measurements were 

taken at two intervals, one at one third and one at two thirds the length of the scar.  

Where possible, control measurements were taken 15 mm at right angles to the centre of 

the scar. Where scars lay close to bony processes, the control measure was taken as 

close to the point that was 15 mm at right angles to the centre as possible. Examiners 

noted where the control measurements were taken. In some cases, no tonometer 

measurements were possible, as the scar lay over a prominent bone and would have 

rendered the measurement inaccurate. In some cases, the scar or surrounding areas were 

still causing the participant pain and use of the tonometers was not feasible. 

4.5.5. Data Entry and Cleaning 

All completed questionnaires were processed and entered into the WAMHS database 

using the same Teleforms system that was described in Section 3.7.2.2. Where possible, 

attempts were made to recontact participants and verify missing or incomplete data. If 

unsuccessful, data were coded as missing.  
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4.6. METHODS 

This section describes the data and analytic methods used to investigate the role of 

clinical factors and known genetic polymorphisms in non-keloid scar outcome, 

following melanoma excision. These analyses used a subset of participants and data 

sources from the overall scarring-sub study that are described in Section 4.5. 

4.6.1. Sample and Data for Analyses 

Eligible participants were those who had consented to participate in the scarring 

sub-study of the WAMHS, attended a scar examination, provided a blood sample for 

genotyping, and whose genotyping was successful. Further, participants could not have 

a keloid scar or have received a skin graft, and their scar had to be at least six months 

old. 

Participants with keloid scars were excluded as the focus of this study was non-keloid 

scarring. The presence of keloid scarring was determined using the Scar Examination 

Tool, which asked examiners to indicate if keloid, hypertrophic or atrophic scar 

outcomes were observed.  

Scar outcome following a skin graft was considered to be primarily a result of that 

treatment and not necessarily the factors being investigated in this study. Inclusion of 

these cases may have introduced additional variation into the outcome measure and 

biased the results. Participants who had received a skin graft following excision of their 

melanoma were therefore excluded. The presence of skin grafts was determined from 

the self-reported skin graft treatment question in the Mini Questionnaire and confirmed 

by examination of scar photographs.  

Participants with a scar less than six months old were excluded to reduce variability due 

to maturation of the scar. Scars less than six months old are still changing rapidly and 
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were considered too immature for inclusion as a final outcome. Age of the scar was 

taken as the time between melanoma excision and the scar examination. 

Data for these analyses comprised data from the WAMHS questionnaire, the WACR 

Data Collection Tool, the Mini Questionnaire, the Scar Examination Tool (including the 

Vancouver Scar Scale based scar assessment) and WACR data collected for all 

WAMHS participants. The Manchester Scar Scale scar assessment, tonometer readings, 

spectrophotometer readings and longitudinal data from the 12 Month Re-Examination 

Tool were not used, as they were beyond the scope of this project.  

The following sections describe data and analyses performed for this thesis. All 

analyses were performed in the statistical packages PASW Statistics 18 (SPSS 

Incorporated, Chicago, United States of America) and R286 v2.7.0 (R Foundation for 

Statistical Computing, Vienna, Austria). An older version of R was used for analyses in 

this chapter as packages required for genetic analyses were not configured for more 

recent releases.  

4.6.2. Dependent Variables for Analyses 

The dependent variable for analyses was scar outcome, as determined by the scar 

assessment described in Section 4.5.4.3. The total score for the ‘worst’ part of the scar 

was used to form this variable. A modified outcome was also derived, due to concerns 

regarding the reliability of the pigmentation component, as discussed in Section 4.5.4.3. 

The modified outcome was taken as the primary outcome. This outcome was based on 

vascularity, pliability and height only, with the pigmentation component removed from 

the scoring process. Due to the issues surrounding the inclusion of the pigmentation 

component (refer to Section 2.3.3.1), this was hypothesised to be the more reliable 

measure of scar outcome.  
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The secondary outcome was defined as per the original assessment tool, with the 

pigmentation component retained. It was considered necessary to include this outcome 

for comparison, as it reflects the current standard of scar assessment. Both measures of 

scar outcome were treated as linear measures. 

4.6.3. Potential Covariates for Analyses 

Potential phenotypic, clinical and demographic covariates for analyses were selected 

from the scar assessment, scar questionnaires and overall WAMHS questionnaire. Some 

variables were used with the coding specified in the questionnaires and some required 

recoding prior to analysis, or calculation from existing data. Histopathology variables 

were obtained from WACR data. A summary of the included variables is presented in 

Table 4.4. 

Time since the last excision was calculated as the time in months between the scar 

examination appointment date and the date of the latest excision. For subjects who had a 

re-excision date (first, second or third) recorded on the WACR Data Collection Tool, 

the latest re-excision date was taken. If no re-excision dates were listed on the WACR 

Data Collection Tool, the self-reported date of re-excision on the Mini Questionnaire 

was taken as the last re-excision date. Some participants could only recall the month and 

year of the re-excision date and for these cases, a dummy day of 15 was used. Dates on 

the WACR Data Collection Tool were considered more reliable than self-reported dates 

on the Mini Questionnaire, so these were used preferentially if available. If no 

re-excision dates were listed on either the WACR Data Collection Tool or the Mini 

Questionnaire then the excision date on the WACR Data Collection Tool was used.  
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Table 4.4: Potential covariates for association analyses from the WAMHS and scarring 
sub-study data 

Variable Type Units/Categories Source 

Time since last excision Continuous Months WACR Data Collection 
Tool, Mini Questionnaire 

Breslow thickness Continuous Millimetres (mm) WAMHS histopathology 
data 

Sex Binary  Male vs. female WAMHS histopathology 
data 

Infection Binary Presence vs. absence Mini Questionnaire 

Individual medical 
conditions 

Binary Presence vs. absence Mini Questionnaire 

Respiratory and 
cutaneous allergic 
conditions 

Binary Presence vs. absence Mini Questionnaire 

Respiratory allergic 
conditions 

Binary Presence vs. absence Mini Questionnaire 

    

Individual scar 
management techniques 

Binary  Use vs. non-use Scar Examination Tool 

Any adjuvant treatment Binary Use vs. non-use Scar Examination Tool 

Length of scar Continuous Millimetres (mm) Scar Examination Tool 

Width of scar Continuous Millimetres (mm) Scar Examination Tool 

Scar location Categorical Head and neck, front 
trunk, back trunk and 
buttocks, upper limb 
or lower limb 

Scar Examination Tool 

Age at time of scar 
examination 

Continuous Years Scar Examination Tool 

Skin colour Categorical Very fair, fair, olive 
or brown, dark 

WAMHS questionnaire 

Propensity to burn Categorical Severe sunburn with 
blistering, painful 
sunburn for a few 
days followed by 
peeling, mildly burnt 
followed by some 
tanning, brown 
without any sunburn 

WAMHS questionnaire 

Ability to tan Categorical Very brown and 
deeply tanned, 
moderately tanned, 
mildly or 
occasionally tanned, 
no suntan at all or 
only get freckled 

WAMHS questionnaire 

    



CHAPTER 4: CLINICAL AND GENETIC EPIDEMIOLOGY OF SCAR OUTCOME POST MELANOMA EXCISION 

165 
 

Table 4.4 continued    

Variable Type Units/Categories Source 

Degree of freckling 
(adult) 

Categorical None, very few, few, 
some, many/very 
many 

WAMHS questionnaire 

Number of naevi Categorical None, few, some, 
many 

WAMHS questionnaire 

Hair colour Categorical Red, fair/blonde, 
light/mouse brown, 
dark brown/black 

WAMHS questionnaire 

Hair colour – collapsed Binary Light vs. dark WAMHS questionnaire 

Eye colour  Categorical Blue, grey, green, 
hazel, brown/black 

WAMHS questionnaire 

Eye colour – collapsed Binary  Light vs. dark WAMHS questionnaire 

Ever smoked (6 months 
or more) 

Binary Yes vs. no WAMHS questionnaire 

Body mass index Continuous N/A WAMHS questionnaire 

 

Data on medications were not included from the Mini Questionnaire as they were 

considered too unreliable and complex for the nature of these analyses. Information on 

how the scar healed was considered to be covered adequately by the variable regarding 

infection at time of melanoma excision.  

In addition to the variables regarding medical conditions, composite variables were 

constructed to reflect the presence of allergic conditions. The first related to ever having 

had one or more of the allergic conditions of asthma, eczema, hay fever or psoriasis. 

The second was just for asthma and hay fever, without either of the skin conditions, as 

these two variables were considered to be more closely related. 

When considering data on scar management techniques, the binary variables indicating 

whether or not each technique had been used were included and the original coding was 

retained. The ‘other local treatments’ used by participants were too varied to be 

considered as one binary variable. However, too few participants had used the same 

treatment to create separate variables for each. Therefore ‘other local treatments’ was 
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used in descriptive analyses of participant characteristics but not included as a potential 

covariate in multivariate analyses. 

Application of sunscreen was considered too unreliable as it became apparent that while 

some responses applied to use of sunscreen on the scar specifically, some were likely to 

be for use of sunscreen in general. Due to the potential inaccuracies in this part of the 

question, the question regarding sun exposure was also deemed potentially unreliable 

and not included. 

Site of the scar as defined during the scar assessment was considered more reliable and 

more specific than that recorded from WACR data, as the examiners had physically 

seen the scar location. Too few patients had used adjuvant therapy for each treatment 

option to be classified as a separate variable. Instead, a composite variable was 

constructed for use of one or more of immunotherapy, radiotherapy, chemotherapy, trial 

treatments or naturopathic/alternative treatments as part of melanoma treatment. If any 

naturopathic or alternative treatments recorded were oral nutritional supplements, 

responses were recoded to reflect use of an oral nutritional supplement management 

technique instead.   

Age at the time of the scar examination was calculated as the difference in years 

between the scar examination appointment date and date of birth.  Age at time of the 

latest excision was also calculated and included in the univariate analyses for 

comparison. However, age at the time of scar examination was found to be a better 

predictor of scar outcome and thus used as a measure of age. 

Potential covariates taken from the overall WAMHS questionnaire were predominantly 

concerned with pigmentation phenotypes. It was considered necessary to control for 

these phenotypes as pigmentation-related genes were being investigated.  
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Categories in some variables were combined, such as dark brown and black hair, due to 

low counts in one or both categories. Binary variables reflecting light or dark hair and 

eye colour were constructed in addition to the hair colour (at age 18) and eye colour 

from the questionnaire. It was hypothesised that separation into light and dark 

pigmentation variation would capture sufficient variation. The grey hair category was 

excluded, as the higher than expected number of responses for this option raised doubt 

as to whether participants had responded about their current hair colour or at age 18 as 

directed. 

Variables regarding propensity to burn and ability to tan were considered to provide 

more detail on the skin’s reaction to the sun for these analyses than the Fitzpatrick Skin 

Type159, 160 variable, which combines both burning and tanning reactions. The 

continuous measures of self-reported naevi counts on sections of the back were 

considered too unreliable, so the categorical naevi variable was used as an indicator of 

number of naevi. A BMI measurement was also included and was calculated from 

self-reported height and weight using the formula weight(kg) / height(m)2. 

4.6.4. Genotypic Data for Analyses 

Genotypic data were obtained from DNA extracted from peripheral whole blood that 

was collected as part of the overall WAMHS study (refer to Section 3.7.3). Candidate 

genes were chosen for these analyses for their hypothesised or known involvement in 

pigmentation or wound healing. Genes were selected in collaboration with the 

candidate’s supervisors, their respective research teams and collaborators in the field. 

SNPs from these candidate genes form the genotypic data for these analyses 

4.6.4.1. Single nucleotide polymorphism selection 

SNPs in candidate genes were determined by literature review and tagging 

methodology. A total of 76 SNPs from 30 candidate genes were initially selected.  
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Twenty eight SNPs were tagged from the candidate genes EGF, TGF-β1, TGF-β2, 

TGF-β3, which are known to be involved in the wound healing process, and MC1R, 

which has been associated with pigmentation factors135, 136. Tagging works on the 

principal of linkage disequilibrium, with tag SNPs that are linked to other SNPs in the 

genomic region selected to represent variation in that region. 

Tag SNPs were selected using Tagger software308 via HapMap309.  The multi-marker 

aggressive method was used, which improves tagging efficiency by searching for SNPs 

that are markers for multiple loci, not just pairs of correlated SNPs133. The threshold for 

linkage disequilibrium was set to r2=0.8. Gene names were entered into the HapMap 

database via the website (www.hapmap.org) to determine the chromosome location and 

the kilobase start and end points for the gene. This information was then entered into the 

Tagger program to determine tag SNPs for that gene. The SNPs and the gene 

coordinates used for tagging are shown in Table 4.5.  

The remaining 48 SNPs were determined from the literature. Twenty four SNPs were 

selected due to a previous association with pigmentation characteristics, such as skin, 

hair or eye colour. The remaining 24 SNPs were chosen on the basis of an association 

with elements of scarring or the wound healing process. For example, fibrosis, 

immunology, inflammation or wound repair. Some hypothesised associations were at 

the gene level only and specific SNPs were put forward by the candidate’s 

collaborators. Details of all SNPs and reported or hypothesised associations are 

presented in Table 4.6.  
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Table 4.5: Tagged single nucleotide polymorphisms from the EGF, MC1R, TGF-β1, 
TGF-β2 and TGF-β3 genes  

Gene SNPs Tagging coordinates (kilobase) 

EGF rs11568993 111,000,392 - 111,199,624 

rs11569121 

rs4698803 

rs6533485 

rs7655579 

rs882471 

rs929446 

rs2250724 

MC1R rs1805005 88,502,527 - 88,524,885 

  rs1805007 

 rs3212363 

 rs3212369 

 rs3212371 

TGF-β1 rs11466321 46,530,046 – 46,546,756 

rs11466338  

rs4803455  

rs8110090  

rs8179181  

TGF-β2 rs10482792 216,582,933 – 216,678,501 

rs1891467  

rs2027566  

rs2027567  

rs2796814  

rs2796822  

rs2798631  

rs2799083  

TGF-β3 rs2268625 75,493,336 – 75,517,603 

rs3917148  

rs3917194  

rs4252328  

rs2268626  

*Italicised SNPs were subsequently excluded following genotyping due to genotype homozygosity or 
genotyping failure (detailed in Section 4.6.4.3). 
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Table 4.6: Previously reported or hypothesised associations between pigmentation or 
wound healing and single nucleotide polymorphisms selected for analyses 

Gene SNP Association 

6P25.3 rs1540771 Freckling310  

CTGF rs6918698 Wound healing213  

CTGF rs9399005 Wound healing213 

CTGF rs9493150 Wound healing213 

FGFR2 rs3135831 Wound healing311  

HERC2 rs12913832 Pigmentation: blue vs. brown eye colour312, 313 

HLA DRB1*15 rs1052248 Immunology (wound repair)213 

HLA DRB1*15 rs1799964 Immunology (wound repair)213 

HLA DRB1*15 rs2071591 Immunology (wound repair)213 

HLA DRB1*15 rs2071592 Immunology (wound repair)213 

HLA DRB1*15 rs2071594 Immunology (wound repair)213 

HLA DRB1*15 rs2229094 Immunology (wound repair)213 

HLA DRB1*15 rs2239528 Immunology (wound repair)213 

HLA DRB1*15 rs2251824 Immunology (wound repair)213 

HLA DRB1*15 rs2523506 Immunology (wound repair)213 

HLA DRB1*15 rs3130059 Immunology (wound repair)213 

HLA DRB1*15 rs3130062 Immunology (wound repair)213 

IRF4 rs12203592 Pigmentation: black vs. blonde hair colour, blue/light vs. 
brown/dark eye colour, skin colour and tanning 
response156 

ITGAE rs1716 Wound healing314, 315  

ITGAE rs2976230 Wound healing314, 315 

ITGAE rs220479 Wound healing314, 315 

KITLG rs12821256 Pigmentation: blonde vs. brown hair colour310 

KITLG rs642742 Pigmentation: blonde vs. brown hair colour310 

MC1R rs258322 Pigmentation146 

MC1R rs4785763 Pigmentation factors135, 136 

MC1R rs2228479 Pigmentation factors135, 136

MC1R rs8059973 Pigmentation factors135, 136

MMP-2 rs243865 Wound healing316  

MMP-9 rs3918241 Wound healing217, 317, 318  

OCA2 rs1800401 Pigmentation: eye colour147, 313 

OCA2 rs1800407 Pigmentation: blue vs. non-blue eye colour147, 313  

OCA2 rs7495174 Pigmentation: blue vs. brown/green eye colour147, 313  

OCA2 rs4778241 Pigmentation: eye colour147, 313 

   



CHAPTER 4: CLINICAL AND GENETIC EPIDEMIOLOGY OF SCAR OUTCOME POST MELANOMA EXCISION 

171 
 

Table 4.6 continued  

Gene SNP Association 

SLC24A4  rs12896399 Pigmentation: blonde vs. brown/black hair colour156, 310 

TIMP-1  rs2277698 Wound healing217, 317, 318  

TIMP-2 rs2234921 Wound healing217, 317, 318 

TIMP-3 rs5749511 Wound healing217, 317, 318 

TNFA rs1800629 Wound healing316  

TPCN2 rs35264875 Pigmentation: blonde vs. brown hair colour158 

TPCN2 rs3829241 Pigmentation: blonde vs. brown hair colour158 

TYR rs1042602 Pigmentation: skin colour and freckling319  

TYR rs1393350 Pigmentation146 

TYR rs1126809 Pigmentation158, 162 

TYRP1 rs1408799 Pigmentation: blue vs. non-blue eye colour, blonde vs. 
brown hair colour158  

TYRP1 rs2733832 Pigmentation: blue eye colour, light hair colour158, 320 

*Italicised SNPs were subsequently excluded following genotyping due to genotype homozygosity or 
genotyping failure (detailed in Section 4.6.4.3). 

 

Prior to genotyping, a SNP score was generated by the PathWest Molecular Genetics 

Service (Nedlands, Western Australia) to indicate the likely success rate of genotyping 

for each SNP. Various characteristics of the selected SNPs were also checked. HapMap 

was used to determine if any SNPs were monomorphic, that the SNPs still existed and 

had not been merged with any other SNPs and that no SNPs were physically located 

less than 60 base pairs away from each other. Suitability for processing on the Illumina 

platform was also checked. A number of SNPs initially selected from the literature were 

not suitable for genotyping for one or more of these reasons, so alternative SNPs from 

the same genes were selected to replace them. It is the final SNPs selected for 

genotyping following this process are presented in Table 4.6. 

4.6.4.2. DNA sample preparation 

DNA was extracted from blood samples by the WADB for all WAMHS samples, as 

described in Section 3.7.3.1. Sample preparation for genotyping for this project was also 
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performed by the WADB. First, to ensure sufficient quantities of viable DNA were 

present in each sample, DNA was quantitated using a ND-1000 Nanodrop 

Spectrophotometer. Where necessary, samples were then diluted to 2 ng/µL using a 

PerkinElmer Multiprobe II pipetting robot. DNA samples were then plated onto 96 well 

plates, using a Beckman Coulter biomek FX machine. Two microlitres of each 

participant’s sample was dispensed into each well on the plate, resulting in 4 ng of DNA 

per well. Plates were then dried at room temperature overnight. 

4.6.4.3. Genotyping 

Genotyping of selected SNPs was performed by the PathWest Molecular Genetics 

Service, using Illumina GoldenGate Assays (San Diego, California, USA). High 

throughput genotyping methods enable large quantities of SNPs to be efficiently 

genotyped in high numbers of individuals at once321. Using this technology, a total of 76 

SNPs were genotyped in each participant for these analyses. A custom 96 SNP chip was 

designed and included SNPs selected specifically for this study and other WAMHS 

related studies. The Illumina GoldenGate assay was used to produce polymerase chain 

reaction (PCR) products specific to each SNP, which were subsequently hybridized to 

beads in solution using the BeadXpress platform. Genotypes for each participant for 

each SNP were then determined from the BeadXpress readout322. A more detailed 

description of this process is presented in Appendix Y. 

Standard quality control measures were incorporated into the genotyping process. A 

water sample was included on each plate as a negative control and a CEPH trio sample 

(a standard control sample of European descent from the Utah population in HapMap) 

as a positive control. Failure of either of these samples indicated genotyping needed to 

be repeated. The controls failed on one plate but no further errors were noted after the 

plate was re-genotyped. Four duplicate samples (10% of the total sample number) were 
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also typed on each plate, with 100% agreement between the original and duplicate 

samples obtained. 

Of the 76 SNPs genotyped, assays for five SNPs failed and these SNPs were 

subsequently excluded; rs220479 in integrin, alpha-E (ITGAE), rs4778241 in the OCA2 

gene, rs2268626 in the TGF-β3 gene, and rs2228479 and rs3212371 in the MC1R gene.  

A further three SNPs were removed due to homozygosity in the sample. SNP rs2250724 

in the EGF gene was homozygous for the CC genotype, rs1126809 in the TYR gene for 

the GG genotype and rs8059973 in the MC1R gene for AA. All SNPs excluded 

following genotyping are italicised in Table 4.5 and Table 4.6. Exclusions resulted in 68 

SNPs from 30 genes in the final analyses for this study. All candidate genes initially 

selected were represented in the final analyses, despite SNP exclusions. 

4.6.5. Descriptive Analyses  

4.6.5.1. Dependent Outcome Variable Distributions 

Descriptive analyses examined the distributions of both the modified and standard 

outcome variables. As both outcome measures were right skewed, natural log (loge) 

transformed versions of the outcome variables and final models were considered. 

Skewness and kurtosis scores for the untransformed and  natural log transformed 

versions of the outcome variables were assessed. Following covariate modelling, natural 

log transformed versions of both outcome models were created. Residuals for both the 

untransformed and natural log transformed models were plotted to assess fit to a Normal 

distribution. Results from the residual plots are presented before results from the 

covariate modelling are discussed for simplicity.  
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4.6.5.2. Participant Characteristics 

Descriptive analyses were performed on independent phenotypic, demographic, 

histopathological and clinical variables to determine participant characteristics of the 

sample. Variables were investigated for their distributions, with frequencies calculated 

for categorical variables and mean values for continuous variables.  

Variables common to both the WAMHS sample (defined as participants who completed 

the questionnaire and/or provided a blood sample) and the study sample were compared 

using Pearson’s Chi-Square test or Fishers’ exact test. This was to determine any 

differences between participants in the overall WAMHS study and the subset who 

consented to participate in the scar assessment component of the study. Further, the 

overall WAMHS sample has been shown to be representative of the eligible population 

of melanoma cases in the WACR, apart from age (refer to Chapter 3). If no statistically 

significant differences existed between the sub-study sample and the overall WAMHS 

population, the sub-study sample could be considered representative of the eligible 

population of melanoma cases in the WACR. Pigmentation variables common to both 

the study sample and overall WAMHS sample were also compared between these 

populations. These variables were not available in the eligible WACR population for 

comparison. 

4.6.5.3. Genotypic Characteristics 

Descriptive analyses on genetic data determined genotype frequencies and minor allele 

frequencies (MAFs) for each SNP in the sample. Sample MAFs were then compared 

with those in the general population, as represented by HapMap-CEU data133, 151 

available online, to investigate any potential differences in genetic variation between the 

samples.  
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Hardy Weinberg Equilibrium (HWE) was determined by Fisher’s Exact test, using the 

‘Exact Test of Hardy-Weinberg Equilibrium for 2 Allele Markers’ function in R v2.7.0. 

The HWE principle describes the distribution of genotypes within a population323. The 

fundamental concept of the principle is that allele and genotype frequencies will remain 

constant from generation to generation, provided specific disturbing forces are not 

introduced323. The HWE principle states that where the frequencies in the population of 

two alleles (a and A) are equal to p and q respectively, and q=1-p, the genotype 

frequencies of AA, Aa and aa that are formed from these alleles will be p2, 2pq and q2 

respectively323. This will hold if the following conditions are met323, 324: 

(1) the population is large enough to negate random sampling errors; 

(2) mating occurs within the population at random; 

(3) evolutionary forces of mutation, migration and random genetic drift do not 

occur, or are rare events with a negligible effect and; 

(4) there is no selective advantage for any genotype, such that all are equally viable 

and reproducible. 

The False Discovery Rate (FDR) method was used to correct for multiple testing for 

HWE, with q-values (adjusted p-values) generated for each SNP325. The FDR method 

considers the expected proportion of false positives among the significant results, given 

the number of statistical tests performed325. The number of tests performed in these 

analyses was equivalent to the number of SNPs tested in the univariate or multivariate 

models for an association with scar outcome. This method is considered less 

conservative than traditional methods, such as the Bonferroni method, which has been 

found by some to be too stringent when adjusting for large numbers of statistical 
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tests326. Any SNPs not in HWE after adjustment with the FDR method were excluded 

from analyses. 

4.6.6. Covariate Modelling 

Covariate modelling was conducted separately for the standard and modified outcome 

variables. First, univariate analyses were conducted between each scar outcome and all 

potential covariates. Linear regression was used to determine any variables with a 

p-value ≤0.25. A conservative p-value was chosen for univariate analyses so as to 

include any potential covariates in the subsequent full model.  

Using the variables identified through univariate analyses, backward stepwise variable 

selection was then used to determine independent predictors of the standard and 

modified outcomes. A p-value ≤0.1 was used in the stepwise process to select 

significant covariates to be retained for multivariate modelling, as a standard p-value of 

0.05 was considered too restrictive for the small sample size. Time since excision, site 

of scar and age at examination were considered biologically necessary and were 

included in the final multivariate models, even if initially excluded during the stepwise 

selection process213, 245.  

Once the final covariate model was determined, each variable from the initial model that 

had been removed was inserted back into the model again, one at a time, to check for 

significance in the final model. If variables were found to be significant during this 

process, they were retained in the model. Following this process, the final models for 

each outcome were compared, to standardise the models and ensure all potential, 

important variables were included. Any variables in one model and not the other were 

included in the final models for both the primary and secondary outcomes. 

A sex interaction and a quadratic age interaction were included in each final outcome 

model in turn, and retained if significant. Continuous covariates in the final models that 
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did not have skewed distributions were mean centred to reduce correlation with other 

covariates. A correlation matrix was also constructed for each model, to determine any 

existing correlations between variables. 

4.6.7. Genetic Analyses 

The SimHap function327 in R v2.7.0 was used to code each SNP according to a 

dominant, additive and recessive model. The coding process is demonstrated in Table 

4.7, with the major homozygote (AA) coded as the baseline level and the effect of the 

minor allele (G) considered.  

 

Table 4.7: Coding methods for additive, dominant and recessive genetic models 

Genotype Additive Model Dominant Model Recessive Model 

AA 0 0 0 

AG 1 1 0 

GG 2 1 1 

 

In the absence of a pre-existing hypothesis regarding the underlying mode of 

inheritance, the additive model is the most commonly selected model for use in 

association analyses328-330. As no prior information in the literature indicated a dominant 

or recessive mode of inheritance for the genes to be tested, additive genetic models were 

used in all analyses. 

Preliminary univariate linear regression analyses were performed for each outcome with 

each SNP. Multivariate linear regression analyses were then performed for each 

outcome measure, adjusting for the covariates identified as independent predictors of 

scar outcome. Each SNP was added separately to each full multivariate model and the 

SNP p-value in the model was considered for significance. A less conservative level of 

significance (p≤0.05) was required to detect genetic associations. The FDR method was 
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used to adjust for multiple testing of SNP associations, with q-values generated for each 

SNP.  

4.7. RESULTS 

4.7.1. Sample Size and Response Fractions 

All individuals who consented to participate in the WAMHS (n=1,643) were eligible for 

the scarring sub-study and 874 (53.2%) consented to participate. During the study 

period, 286 (32.7%) of the 874 participants attended Royal Perth Hospital for a scar 

assessment.  

Of the 286 participants who attended for a scar examination, 284 (99.3%) had 

questionnaire data from all three scar questionnaires; the WACR Data Collection Tool, 

the Mini Questionnaire and the Scar Examination Tool. The Mini Questionnaire data 

were excluded for two of these participants due to contradictory responses to a number 

of questions.  

Of the 286 cases, 265 (92.7%) also provided a blood sample for extraction of DNA and 

subsequent genotyping. Patients with a keloid scar were to be excluded for these 

analyses but no keloid scars were observed in the sample. Forty of these 265 

participants reported receiving a skin graft treatment but only 38 (14.3%) were deemed 

valid after examination of the photograph of the scar. These 38 cases were excluded, as 

their scar outcome was considered to be primarily a result of treatment. To reduce 

variability due to maturation of the scar, a further 25 cases (9.4%) with scars less than 

six months old were excluded. The final samples size for analyses was therefore 202 

cases with non-keloid scars resulting from melanoma excision. Population stratification 

bias was not considered as all participants had self-reported Caucasian ethnicity. The 

following results and discussion sections that are presented refer to this sample of 202 

cases. 
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4.7.2. Dependent Outcome Variable  

In the final sample of 202 participants, the mean score for the modified outcome 

measure was 2.5 (SD=1.9). The minimum score received was zero, indicating a well 

healed, normal scar. The maximum score was 10, indicating a poorly healed scar, and 

close to the possible maximum score of 12. Figure 4.3 shows the distribution of the 

modified measure of scar outcome.  

 

 

Figure 4.3: Distribution of the modified measure of scar outcome for 202 participants 

 

For the standard measure of scar outcome, the mean score was 3.9 (SD=2.3). As with 

the modified outcome, the minimum score received was zero. As the standard outcome 

measure included the pigmentation component, the maximum possible maximum rating 

was 15. The maximum score in the sample for the standard outcome measure was 12. 

The distribution of the standard outcome is presented in Figure 4.4.  
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Both outcome variables were right skewed due to the generally high quality scar 

outcomes in the sample. Examples of scars at either end of the spectrum for both the 

modified and standard outcomes are shown in Appendix Z. 

 

 

Figure 4.4: Distribution of the standard measure of scar outcome in 202 participants 

 

Natural log transformation of both the modified and standard outcome measures 

resulted in a shift from a right skewed distribution to a less prominent left skew, and 

flattened the peaks of the distributions. Natural log transforming the outcome variables 

improved the skewness more than the kurtosis. The skewness and kurtosis values for 

both untransformed and log transformed versions of the outcome measure are displayed 

in Table 4.8.  
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Table 4.8: Skewness and kurtosis scores for the unlogged and loge transformed versions of 
the standard and modified scar outcome variables 

 Modified Outcome Standard Outcome 

  Untransformed Log transformed Untransformed Log transformed 

 Statistic SE Statistic SE Statistic SE Statistic SE 

Skewness 0.721 0.171 -0.058 .0171 0.589 0.171 -0.176 0.171 

Kurtosis 0.128 0.341 -0.904 0.341 -0.265 0.341 -0.513 0.341 

 

The residuals for both outcome models (following the covariate modelling process 

described in Section 4.6.6) were plotted to check that the key assumptions of linear 

regression were not violated. The plots for the final modified outcome model are shown 

in Figure 4.5.  

 

 

Figure 4.5: Residual plots for the final modified scar outcome model 
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Whilst the Q-Q plot did not reflect a completely Normal distribution, it did not appear 

to deviate substantially. The standardized residuals appeared to have a constant spread 

and fall without pattern, indicating no violation of the constant variance or 

independence assumptions, and that a linear model was therefore appropriate. 

The plotted residuals for the final standard outcome model are shown in Figure 4.6 and 

also met the assumptions of linearity. As with the modified outcome, the deviation from 

a Normal distribution was not considered substantial.  

 

Figure 4.6: Residual plots for the final standard scar outcome model 

 

Natural log transformation resulted in a slightly more Normally distributed standard 

outcome model but no substantial improvement was observed for either outcome model 

in meeting the assumptions of linearity (plots not shown). 

It was not considered necessary to use the Natural log transformed versions of the 

outcome variables, as only slight improvements to skewness for both outcome variables 
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and a minor improvement in the distribution of the standard outcome model were 

observed following log transformation. The relatively Normal distribution of the 

residuals for the non-log transformed models did not warrant the difficulties that can 

arise in interpreting results from a log transformed outcome. Further, linear regression is 

generally considered robust to minor deviations from Normality that may exist. 

Therefore, both outcome measures were considered to be approximately Normally 

distributed in their current format and were not natural log transformed for analyses. 

4.7.3. Participant Characteristics 

Participant characteristics are shown in Table 4.9 and Table 4.10. The study sample had 

a relatively equal male to female ratio (1.04:1) and was an older group, with an average 

age of 59.4 years (SD=11.7) at the time of scar examination. The age of participants at 

examination ranged from 26.9 years to 81.3 years. Whilst the upper age limit for 

recruitment into the WAMHS study was 80 years, age at scar examination was older 

than this for some participants, due to the time delay between recruitment and scar 

assessment. The time between scar examination and melanoma excision ranged from 

6.0 to 39.6 months, with an average time of 12.9 months (SD=7.6).  

The most commonly reported medical condition was high blood pressure (31.2%). 

Respiratory related allergic conditions were the next most frequent, with hay fever 

reported by 22.3% of participants and asthma by 15.3%. Few participants reported 

having an infection present at the time of melanoma excision (4.0%). 
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Table 4.9: Participant characteristics relevant to 202 scarring study participants  

Variable n [%] 

Age at scar exam (years)  

18 - 29  1   [0.5] 

30 - 44 26 [12.9] 

45 - 59 69 [34.2] 

60 - 74 82 [40.6] 

75 - 80 24 [11.9] 

  

Time since excision (months)  

6 - 12 134 [66.3] 

13 - 18 30 [14.9] 

19 - 24 8   [4.0] 

25 - 36 28 [13.9] 

>36 1   [0.5] 

Missing 1   [0.5] 

  

Medical conditions at any timea  

Asthma  31 [15.3] 

Diabetes 19   [9.4] 

Eczema 8   [4.0] 

Hay Fever 45 [22.3] 

High blood pressure 63 [31.2] 

Kidney failure 12   [5.9] 

Psoriasis 10   [5.0] 

Thyroid problems 23 [11.4] 

Infection at time of excision 8   [4.0] 

  

Scar management techniques useda  

Massage 40 [19.8] 

Silicone 6   [3.0] 

Tape 75 [37.1] 

Topical Agents 96 [47.5] 

Oral nutritional supplements 104 [51.5] 

Other Local Treatments 15   [7.4] 
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Table 4.9 continued.  

Variable n [%] 

Skin colour  

Very fair 36 [17.8] 

Fair 146 [72.2] 

Olive or brown 18   [8.9] 

Dark 0      [0] 

Missing 2   [1.0] 

  

Propensity to burn  

Get a severe sunburn with blistering 22 [10.9] 

Have a painful sunburn for a few days followed by peeling 113 [55.9] 

Get mildly burnt followed by some tanning 60 [29.7] 

Go brown without any sunburn 5   [2.5] 

Missing 2   [1.0] 

  

Ability to tan  

Go very brown and deeply tanned 30 [14.9] 

Get moderately tanned 74 [36.6] 

Get mildly or occasionally tanned 76 [37.6] 

Get no suntan at all or only get freckled 20   [9.9] 

Missing 2   [1.0] 
a Participants able to record more than one response 

 

In total, 84.7% of participants had used one or more types of scar management 

techniques, not including those classified as ‘other local treatment’. The most common 

technique was the use of oral nutritional supplements (51.5%), although not all 

participants specifically took them for the purpose of scar management. Silicone was 

used by very few participants (3.0%), even though it is the only technique currently 

supported by strong evidence in the literature253. 

Only 10 participants reported using adjuvant therapy as part of their melanoma 

treatment, although some used multiple therapies. Immunotherapy, radiotherapy, 
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chemotherapy, microwave therapy, and various forms of naturopathic or alternative 

treatments were all cited as therapies undertaken. 

There were 15 participants who had used another local treatment, some of whom had 

used multiple treatments. Waterproof dressings and bandages were the most common 

(four participants each), with bandages considered to have potentially acted as a 

pressure garment. Two participants reported wearing an actual pressure bandage or 

stocking over the scar site, although these garments were not specifically worn for scar 

management purposes. Two participants had steristrips applied to the scar, which may 

have worked in a similar manner to tape. Steroid injections at the scar site and the 

application of substances such as antiseptic solutions, salt water and honey were also 

reported.  

Consistent with proportions in the WAMHS sample, the majority of participants in the 

study sample reported very fair or fair skin, a medium to high propensity to burn and a 

mild to moderate ability to tan. There were no statistically significant differences noted 

between the overall WAMHS sample and the study sample for these pigmentation 

characteristics (data not shown). 

The study sample of 202 cases was also compared to the overall WAMHS sample on 

relevant demographic and histopathology variables (Table 4.10). No significant 

differences were found between the two samples, except for the distribution of the sex, 

which was marginally significant (p=0.05). Compared to the WAMHS sample, there 

were fewer males and more females in the study sample.  
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Table 4.10: Demographic and histopathology characteristics for the 202 study participants 
and comparison to the overall WAMHS sample 

Variable Casesa

(n=202)

% [n]

WAMHS sampleb 

(n=1455) 

% [n] 

p-valuec

Comparative variables   

Sex   

Male 51.0 [103] 58.6  [853] 0.05

Female 49.0   [99] 41.4  [602] 

   

Age at melanoma diagnosis (years)   

18 - 29 0.5     [1] 1.6    [23] 

30 - 44 12.9   [26] 12.5  [182] 

45 - 59 37.6   [76] 32.3  [470] 0.30d

60 - 74 39.6   [80] 40.2  [585] 

75 - 80 9.4   [19] 13.4  [195] 

   

Breslow thickness (mm)   

0 - 1.00 73.3 [148] 71.8 [1045] 

1.01 - 2.00 13.9   [28] 14.8  [216] 

2.01 - 4.00 5.9   [12] 7.0   [102] 0.45d

>4.00 1.5     [3] 3.6    [53] 

Unknown* 5.4   [11] 2.7    [39] 

   

Clark’s Level e   

II 38.1  [77] 36.8  [535] 

III 24.8  [50] 25.4  [370] 

IV 30.1  [61] 32.4  [472] 0.66d

V 1.1    [2] 2.4    [35] 

Unknown* 5.9  [12] 3.0    [43] 

   

Site   

Head and neck 10.0  [20] 15.8  [230] 

Trunk 39.6  [80] 38.1  [555] 

Upper limb 29.7  [60] 23.6  [343] 0.07

Lower limb 20.8  [42] 22.1  [321] 

Unknown* 0    [0] 0.4      [6] 
a n=202, all participants who completed the scar examination, provided blood samples for DNA, had not 
received a skin graft and had a scar greater than six months old. 
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b n=1455,  all individuals who participated in the overall WAMHS study (questionnaire completion and/or 
blood sample provision) 
c Pearson’s Chi-Square test p-value 
d Fishers’ Exact test p-value (due to low cell counts) 

e Only invasive (Clark’s level > I) included in the WAMHS 

* Not included in statistical tests 

 

At the time of melanoma diagnosis, approximately 50% of the study sample were over 

the age of 60 years. The majority of participants (73%) had thin melanomas less than 

1 mm thick. In terms of Clark’s Level, whilst the majority of melanomas had been 

graded fairly evenly between Level II - IV (38%, 25% and 30%) rather than Level V 

(1%), there were more Level IVs than would have been expected with the large 

proportion of thin melanomas. The majority of scars in the sample were located on the 

trunk (39%), followed by the upper and lower limbs (30% and 21% respectively), with 

far fewer in the head and neck region (10%).  

4.7.4. Genotypic Characteristics  

Genotype frequencies of all SNPs are reported in Table 4.11, along with the sample 

MAFs, the population MAFs as determined from HapMap, and the HWE results. Two 

SNPs were not in HWE prior to adjustment for multiple testing; rs2733832 in the 

TYRP1 gene (p=0.002) and rs4785763 in the MC1R (p=0.007). After adjusting for 

multiple testing, all SNPs were consistent with HWE and thus retained for analyses. 

No major differences were noted in MAFs between the sample and the HapMap 

populations. Only three SNPs had a difference in frequency greater than 10%; 

rs8179181in TGF-β1 (10.2%), rs3212363 in the MC1R gene (10.9%) and rs1393350 in 

the tyrosinase (TYR) gene (13.6%). Only four SNPs had a MAF less than 5% and these 

were SNP rs8110090 in TGF-β1 (4.6%), SNP rs5749511 in the tissue inhibitor of 

metalloproteinases-3 (TIMP-3, 4.6%) gene and SNPs rs7495174 (4.2%) and rs1800401 

(2.9%) in the OCA2 gene. 
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SNPs with a MAF less than 5% are considered rare, or at least uncommon, variants and 

a large sample size is usually required to detect any associations with these variants. 

Conversely, some SNPs were very common variants, with MAFs close to 50%. For 

example, rs3135831 in the fibroblast growth factor receptor 2 (FGFR2) gene (48.5%), 

rs12896399 in the solute carrier family 24 (sodium/potassium/calcium exchanger), 

member 4 (SLC24A4) gene (47.4%), rs6918698 in the connective tissue growth factor 

(CTGF) gene (47.1%),  rs2798631 in TGF-β2 (46.7%) and rs4803455 in TGF-β1 

(44.9%). 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 4: CLINICAL AND GENETIC EPIDEMIOLOGY OF SCAR OUTCOME POST MELANOMA EXCISION 

190 
 

 

 

 

Table 4.11: Genotype and allele frequencies for all single nucleotide polymorphisms used 
in genetic association analyses 
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4.7.5. Covariate Modelling 

Covariate modelling results are presented separately for the modified and standard scar 

outcome measures.  

4.7.5.1. Modified outcome 

Univariate models 

In the univariate analyses, a number of variables met the cut-off value (p ≤0.25) for 

inclusion in the subsequent multivariate model (Table 4.12). Younger age at scar 

examination (p=0.001); less time since excision (p=0.05); infection at the time of 

excision (p=0.07); absence of eczema (p=0.21), absence of kidney failure/problems 

(p=0.01)), absence of high blood pressure (p=0.05); presence of thyroid problems 

(p=0.20); use of massage (p=0.06) or not using tape (p=0.16) were all potentially 

associated with a poor scar outcome using the modified outcome measure. 

 

Table 4.12: Clinical factors potentially associated with the modified scar outcome measure 
in the univariate linear regression models 

Variable Coefficient Standard error p-value 

Age at scar exam (years) -0.04 0.01 0.01 

Time since excision (months) -0.04 0.02 0.05 

Eczemaa -0.85 0.68 0.21 

Kidney failure or problemsa -1.35 0.55 0.01 

High blood pressurea -0.55 0.28 0.05 

Thyroid problemsa 0.53 0.41 0.20 

Infectiona 1.23 0.67 0.07 

Use of massageb 0.64 0.34 0.06 

Use of tapeb -0.40 0.28 0.16 
a Reference category is ‘absent’ 
b Reference category is ‘not used’ 
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Multivariate models 

All variables identified as potentially associated with the modified outcome in the 

univariate analyses were included in the initial multivariate model, along with sex of the 

participant and site of the scar. Six variables remained associated at the p ≤0.1 level of 

significance at the end of the backward stepwise removal process (Table 4.13). Younger 

age at scar examination (p=0.004), absence of eczema (p=0.1) and kidney failure or 

problems (p=0.02), presence of thyroid problems (0.09) and presence of infection at the 

time of excision (0.05) were all independently associated with a poor scar outcome. The 

amount of variation in scar outcome explained by the model was 9.0% (adjusted 

r-squared=0.09) and three cases were excluded due to missing data during the stepwise 

process. 

 

Table 4.13: Clinical factors associated with the modified scar outcome measure in the 
multivariate linear regression model 

Variable Coefficient Standard error p-value

Age at scar exam (years) -0.03 0.01 0.004

Eczema a -1.07 0.65 0.10

Kidney failure or problemsa -1.30 0.56 0.02

Thyroid problemsa 0.68 0.40 0.09

Infectiona 1.29 0.65 0.05
a Reference category = Absent 

 

4.7.5.2. Standard outcome 

Univariate models 

Six variables that met the cut-off criteria for the modified outcome in the univariate 

analyses also had a p-value ≤0.25 for the standard outcome. As with the modified 

outcome, younger age at scar examination (p<0.0001), less time since excision 

(p=0.02), absence of kidney failure or problems (p=0.02), absence of high blood 
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pressure (p=0.01), presence of infection at time of excision (p=0.16) and use of massage 

(p=0.15) were all potentially associated with a poorer scar outcome. Not using oral 

nutritional supplements was also potentially associated with a poor scar for the standard 

outcome (p=0.24). Univariate results for the standard outcome are presented in Table 

4.14. 

 

Table 4.14: Clinical factors potentially associated with the standard scar outcome measure 
in the univariate linear regression models 

Variable Coefficient Standard error p-value 

Age at scar exam (years) -0.06 0.01 <0.0001 

Time since excision (months) -0.05 0.02 0.02 

Kidney failure or problemsa -1.49 0.66 0.02 

High blood pressurea -0.86 0.33 0.01 

Infectiona 1.14 0.80 0.16 

Use of massageb 0.57 0.40 0.15 

Use of oral nutritional supplements -0.38 0.32 0.24 
a Reference category is ‘absent’ 
b Reference category is ‘not used’ 

 

Multivariate models 

All of the variables presented in Table 4.14 were included in the initial multivariate 

model for the standard outcome, along with site of the scar. At the end of the backward 

stepwise modelling process, only two variables were associated with the outcome at the 

p≤0.1 level of significance, as shown in Table 4.15. Younger age at scar examination 

and less time since melanoma excision were both independently associated with a 

poorer scar outcome (p<0.0001 and p=0.02, respectively). The amount of variance in 

scar outcome explained by the model was 9.0% (adjusted r-squared=0.09) and one case 

was excluded due to missing data. 
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Table 4.15: Clinical factors associated with the standard scar outcome measure in the 
multivariate linear regression model 

Variable Coefficient Standard error p-value

Age at scar exam (years) -0.05 0.01 <0.0001

Time since excision (months) -0.05 0.02 0.02

 

4.7.5.3. Final models for analyses 

The final covariate model for the modified outcome is presented in Table 4.16. Results 

displayed in this table are those derived following the addition of covariates associated 

with the secondary model in the multivariate analyses (time since excision). Site of the 

scar was also added to the final model, as it was considered a required variable. Only 

minor changes were observed to coefficient and p-values for other variables following 

the addition of scar site. The model explained 8.0% of the variance in scar outcome 

(adjusted r-squared=0.08) and four cases in total were excluded due to missing 

variables. 

 

Table 4.16: Final covariate model for the modified scar outcome measure 

Variable Coefficient Standard error p-value

Age at scar exam (years) -0.03 0.01 0.008

Time since excision (months) -0.03 0.02 0.12

Eczema a -1.01 0.66 0.13

Kidney failure or problemsa -1.27 0.56 0.03

Thyroid problemsa 0.75 0.42 0.07

Infectiona 1.20 0.66 0.07

Site of scarb – Front trunk 0.79 0.65 0.22

Back trunk and buttocks 0.40 0.45 0.37

Upper Limb 0.15 0.47 0.75

Lower limb 0.29 0.48 0.55
a Reference category = Absent 

b Reference category = Head and neck 
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The final covariate model for the standard outcome is presented in Table 4.17. These 

results are those following the addition of variables associated with modified outcome 

(eczema, kidney failure or problems, thyroid problems and infection) and site of the 

scar. As with the modified outcome model, only minor changes were observed to 

coefficient and p-values for other variables following the addition of scar site. The 

model explained 10.0% of the variance (adjusted r-squared=0.10) and four cases were 

excluded during the stepwise process due to missing data. 

 

Table 4.17: Final covariate model for the standard scar outcome measure 

Variable Coefficient Standard error p-value 

Age at scar exam (years) -0.05 0.01 <0.001 

Time since excision (months) -0.05 0.02 0.03 

Eczema a -0.64 0.78 0.42 

Kidney failure or problemsa -1.27 0.66 0.06 

Thyroid problemsa 0.80 0.49 0.10 

Infectiona 1.10 0.78 0.26 

Site of scarb – Front trunk 0.70 0.77 0.36 

Back trunk and buttocks 0.80 0.53 0.13 

Upper Limb 0.51 0.55 0.35 

Lower limb 0.62 0.57 0.27 
a Reference category = Absent 

b Reference category = Head and neck 

 

For both models, age at scar examination was the only continuous variable in the final 

model to be mean centred, as it was the only variable to demonstrate an approximately 

normal distribution. Neither the sex interactions nor the quadratic age interactions were 

significant in the final models. None of the variables in the starting model that were 

subsequently removed during the stepwise modelling were found to be significant when 
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added back into the final models. Further, the correlation matrix found minimal 

correlation between any of the variables in the final models.  

4.7.6.  Genetic Analyses 

Univariate and multivariate genetic results are presented separately for each outcome 

variable. 

4.7.6.1. Modified outcome 

Univariate analyses 

Preliminary univariate analyses found three SNPs to be associated (p ≤0.05) with the 

modified scar outcome prior to adjustment for multiple testing; SNP rs5749511 in 

TIMP-3 (p=0.002), rs8110090 in TGF-β1 (p=0.003) and rs2733832 in the 

tyrosinase-related protein-1 gene (TYRP1, p=0.02). Following adjustment for multiple 

testing, no univariate associations remained significant. Univariate genetic results for 

these associated SNPs are presented in Table 4.18 and results for all SNPs are presented 

in Appendix Z. 

 

Table 4.18: Single nucleotide polymorphisms potentially associated with the modified scar 
outcome measure in the univariate linear regression model 

SNP Gene 
SNP 

coefficient
Standard 

error
SNP  

p-valueb 
SNP  

q-valuec

rs8110090a TGF-β1 1.39 0.46 0.003 0.07

rs5749511a TIMP-3 -1.35 0.43 0.002 0.07

rs2733832a TYRP1 -0.51 0.22 0.02 0.36
a Reference category = major homozygote 
b Linear regression p-value 
c False discovery rate adjustment q-value 
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Multivariate analyses 

Prior to adjustment for multiple testing, the three SNPs associated with the modified 

outcome in the univariate analyses were also associated with the outcome when 

included (separately) in the full multivariate model. SNP rs8110090 (TGF-β1) showed 

the strongest association (p=0.0002), followed by SNP rs5749511 (TIMP-3, p=0.003) 

and SNP rs2733832 (TYRP1, p=0.03). SNP rs9493150 in CTGF was also associated in 

the multivariate model (p=0.04). Following adjustment for multiple testing, the 

association between SNP rs8110090 (TGF-β1) remained significantly associated with 

scar outcome, such that the minor allele G was associated with a poorer scar outcome 

(q=0.01). Although not significant after adjusting for multiple testing, the minor allele 

for each of the other associated SNPs was associated with a better scar outcome. 

Multivariate results for the primary outcome and the SNPs with the strongest 

association are reported in Table 4.19. Each SNP was modelled individually but results 

are presented for all four models together. Multivariate results for all SNPs are 

presented in Appendix BB in the same format. 

 

Table 4.19: Results of multivariate linear regression analysesa for the modified scar 
outcome and the single nucleotide polymorphisms (each modelled separately) with the 
strongest associations 

SNP Gene SNP 
coefficient 

Standard 
error

SNP p-valuec SNP q-valued 

rs8110090b TGF-β1 1.62 0.43 0.0002 0.01 

rs5749511b TIMP-3 -1.25 0.42 0.003 0.10 

rs2733832b TYRP1 -0.47 0.21 0.03 0.68 

rs9493150b CTGF -0.41 0.20 0.04 0.69 
a Full multivariate model, adjusted for age at scar examination, time since excision, eczema, kidney 
failure, thyroid problems, infection at time of excision and site of the scar 
b Reference category = major homozygote 

c Linear regression p-value 
d False discovery rate adjustment q-value 
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4.7.6.2. Standard outcome  

Univariate analyses 

Prior to adjustment for multiple testing, univariate associations (p ≤0.05) were observed 

between the standard outcome and the three SNPs associated with the modified 

outcome in univariate analyses; rs8110090 (TGF-β1, p=0.001) rs5749511 (TIMP-3, 

p=0.005), rs2733832 (TYRP1, p=0.03). SNPs rs3829241 (TPCN2, p=0.05) and 

rs1540771 at the 6P25.3 locus (p=0.05) were also associated. Following adjustment for 

multiple testing, no associations remained statistically significant. Univariate genetic 

results for these SNPs and the standard outcome are presented in Table 4.20 and results 

for all SNPs are presented in Appendix CC. 

 

Table 4.20: Single nucleotide polymorphisms potentially associated with the standard scar 
outcome measure in the univariate linear regression models 

SNP Gene 
SNP 

coefficient
Standard 

Error
SNP  

p-valueb 
SNP  

q-valuec

rs1540771a 6P25.3 -0.45 0.22 0.05 0.58

rs8110090a TGF-β1 1.74 0.54 0.001 0.09

rs5749511a TIMP-3 -1.46 0.51 0.005 0.16

rs3829241a TPCN2 -0.48 0.24 0.05 0.58

rs2733832a TYRP1 -0.58 0.26 0.03 0.58
a Reference category = major homozygote 
b Linear regression p-value 
c False discovery rate adjustment q-value 

 

Multivariate analyses 

Three of the SNPs associated with the standard outcome in the univariate analyses were 

also significantly associated with the outcome in the multivariate analyses, prior to 

adjustment for multiple testing. SNP rs8110090 (TGF-β1) again had the most 

significant association (p=0.0002), followed by SNP rs5749511 (TIMP-3, p=0.009) and 
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SNP rs2733832 (TYRP1, p=0.03). SNP rs3829241 (TPCN2) was also significant in the 

multivariate model (p=0.01). The association between rs8110090 (TGF-β1) and scar 

outcome remained significant after adjustment for multiple testing, with the minor allele 

G associated with a poorer scar outcome (q=0.006). As in the primary scar outcome 

analyses, the minor allele was associated with a better scar outcome for each of the 

other SNPs that did not remain significant following multiple testing. Multivariate 

results for the standard outcome and the SNPs with the strongest association are 

reported in Table 4.21. As with the modified outcome, each SNP was modelled 

individually but results are presented for all four models together. The results for all 

other SNPs are presented in Appendix DD in the same format. 

 

Table 4.21: Results of multivariate linear regression analysesa for the modified scar 
outcome and single nucleotide polymorphisms (each modelled separately) with the 
strongest association 

SNP Gene SNP 
coefficient 

Standard 
error

SNP p-valuec SNP q-valued 

rs8110090b TGF-β1 1.91 0.50 0.0002 0.006 

rs5749511b TIMP-3 -1.31 0.49 0.009 0.13 

rs3829241b TPCN2 -0.56 0.23 0.01 0.14 

rs2733832b TYRP1 -0.57 0.25 0.03 0.19 
a Full multivariate model, adjusted for age at scar examination, time since excision, eczema, kidney 
failure, thyroid problems, infection at time of excision and site of the scar 
b Reference category = major homozygote 

c Linear regression p-value 
d False discovery rate adjustment q-value 

 

4.8. DISCUSSION 

The current study investigated the association between scar outcome and both clinical 

factors and SNPs in candidate wound repair and pigmentations genes. The study sample 

was comprised of 202 Western Australian melanoma patients with non-keloid scars 
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greater than 6 months old. Two measures of scar outcome were determined from a 

derivative of the Vancouver Scar Scale. The modified measure was a combination score 

reflecting vascularity, height and pliability and the standard measure was a combination 

score reflecting vascularity, height, pliability and pigmentation. Genetic association 

studies were performed using an additive model. Evidence was found for a significant 

association between SNP rs8110090 (TGF-β1) and both the modified and standard 

outcomes, such that the minor allele G was associated with a poorer scar outcome. This 

association remained significant after adjustment for multiple testing. Clinical factors 

found to be associated with scar outcome were age, time elapsed since melanoma 

excision and various medical conditions, and these were adjusted for in analyses.  

Due to the complex nature of scarring, it is likely that many SNPs are likely to influence 

scar outcome, each with a small effect size. A larger sample size would likely provide a 

higher powered study able to detect other potentially associated SNPs. Of particular 

interest would be further investigation of the SNPs in this study that were significantly 

associated with scar outcome prior to adjustment for multiple testing. Three other SNPs 

were originally associated with the modified measure of scar outcome: rs5749511 

(TIMP-3), rs2733832 (TYRP1) and rs9493150 (CTGF). Two of these SNPs were also 

associated with the secondary measure of scar outcome in initial analyses (rs5749511 

and rs2733832), as was rs3829241 (TPCN2). For all of these SNPs, the minor allele was 

associated with a better scar outcome. In total, associated SNPs were from five separate 

genes, three of which have been associated with wound healing (TGF-β1, TIMP-3 and 

CTGF) and two with pigmentation characteristics (TYRP1 and TPCN2).  

The following sections consider the possible biological mechanisms that may explain 

the observed associations with scar outcome and genetic and clinical factors. As well as 

the significantly associated TGF-β1 gene, genes that had a SNP associated with a 

measure of outcome prior to adjustment for multiple testing are also discussed. The 
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significantly associated SNP rs8110090 in TGF-β1 is considered in more detail than the 

SNPs not demonstrating a significant association. The use of two measures of scar 

outcome, the strengths and limitations of the study and suggested directions for future 

research are also discussed. 

4.8.1. TGF-β1 Gene 

TGF-β1 is one of three isoforms of TGF-β (TGF-β1, TGF-β2 and TGF-β3), each of 

which is encoded by a separate gene331. They belong to a family of polypeptide growth 

factors and play a role in the regulation of a number of cellular processes, including 

wound healing, embryonic development, angiogenesis and cell proliferation and 

differentiation in various cell types331, 332. TGF-β1, encoded by the TGF-β1 gene is 

known to control cellular growth, differentiation and migration in fibroblasts, as well as 

modulating extracellular matrix deposition and inhibiting its degradation224.  

Alterations in TGF-β pathways have been associated with the pathogenesis of numerous 

human diseases, such as cardiovascular pathologies, cancer, congenital disorders and 

fibrotic disease332. Fibrotic and inflammatory disorders that have been linked to 

disturbances in TGF-β regulation and function include cirrhosis of the liver, pulmonary 

fibrosis, diabetic nephropathy, glomerulonephritis, congestive heart failure, systemic 

sclerosis, rheumatoid arthritis and Crohn’s disease332. Specifically, polymorphisms in 

TGF-β1 have been linked to fibrotic lung and kidney disease and diabetic 

nephropathy331-333.  

The association of SNP rs8110090 with scar outcome in this study is consistent with 

previous literature linking TGF-β1 to both wound healing and atypical scarring. TGF-β1 

is integral to the wound healing process, as discussed in Section 2.31. Variations in 

expression are likely to affect the way the wound heals and in turn, scar outcome208, 209, 

273. The gene’s fibrotic role means it has also been implicated in the pathogenesis of 
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atypical scar formation, including keloid scars, hypertrophic scars and scarless foetal 

healing. Given its potential role in these types of scarring, TGF-β1 may also play a role 

in the outcome of fine line, surgical scar outcomes. 

The excessive production of scar tissue characterises fibrotic disease, where scarring is 

progressive and pathological334. Keloid scarring is a classic example of fibrotic disease 

and the TGF-β growth factors, specifically TGF-β1, have been implicated in the 

pathogenesis of keloid scars. In in vitro studies, keloid fibroblasts have shown irregular 

responses to growth factors and other metabolic modulators, which is thought to 

contribute to the formation of keloid scars 301. Specifically, keloid scars have shown 

excessive levels of TGF-β1, supporting the hypothesis that it is a fibrosis inducing 

cytokine273. A study by Peltonen et al.274 suggested that the fibrotic process leading to 

keloid scars is initiated by the expression of TGF-β1 by neovascular endothelial cells, 

which in turn activates nearby fibroblasts to express substantially increased levels of the 

growth factor. Bayat et al.224, however, did not find a significant difference in 

circulating plasma levels of TGF-β1 or common TGF-β1 gene polymorphisms between 

patients with keloid scars and controls. This inconsistency may suggest that the role of 

TGF-β1 in the formation of keloid scars is not as integral to the process as originally 

thought, or that it is involved via different pathways. Conversely, the small sample size 

in Bayat et al.’s224 study may have left it underpowered to detect an association. 

TGF-β1 is also the growth factor to be implicated the most in the formation of 

hypertrophic scars335. Whilst hypertrophic scars are not as prolific as keloid scars and 

are defined by a different clinical course, they display some of the same fibrotic 

characteristics as keloids222, 224. Hypertrophic scars have shown increased expression of 

TGF-β1, as well as increased collagen levels, which may suggest that TGF-β1 mediates 

increased collagen synthesis in hypertrophic scars335, 336. The implication of TGF-β1 in 
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the formation of hypertrophic scars lends further weight to the plausibility of a role for 

TGF-β1 in the pathogenesis of non-keloid scar outcomes.  

The association of TGF-β1 with scarless foetal healing further supports a role for the 

gene in non-keloid scar outcomes. The foetal wound repair response is markedly 

different to the adult wound repair process. Embryonic skin is known to heal without 

scar formation, such that the skin’s architecture is fully restored to its original state211, 

218. Instead of repairing injured tissue, which results in the production of scar tissue, the 

prenatal wound response involves the generation of new tissue211. Numerous 

mechanisms have been postulated for the differences between adult and foetal scarring. 

These include differences at the cellular, molecular and histologic level, such as the 

inflammatory response, the wound healing environment, extracellular matrix production 

and restoration, proliferative rates of fibroblasts, keratinocytes, endothelial cells and 

inflammatory cells and growth factor expression211, 218, 219. It is not clear, however, 

which of these factors play a causative role in the scarless foetal healing process218, 219. 

Regardless of the precise role or magnitude of effect that growth factor differences 

between the two wound healing models plays, disparities do exist and may explain the 

outcomes observed. TGF-β1 has been specifically implicated, such that foetal healing 

has demonstrated notably lower levels of TGF-β1 than adult wounds 211, 218.  

If variation in the expression of TGF-β1 is likely to have a role in fibrotic disease and 

producing extreme wound healing responses from scarless healing to proliferative scars, 

it is plausible that SNPs such as rs8110090 in the gene may also play a role in variations 

observed in ‘normal’ scar formation. 

SNP rs8110090 is located in the intronic region of TGF-β1 and there are no other 

known associations for this SNP with disease traits. Interrogation of this SNP revealed 

that it was not in strong linkage disequilibrium with any other SNPS defined in 
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HapMap309 that were located within 500kb (r2=0.8, HapMap3  release 22). This may 

suggest that either SNP rs8110090 plays a causative role, or that it is in linkage 

disequilibrium with other SNPs that are not in HapMap. Recent studies have shown a 

potential role for intronic SNPs in alternative splicing, and that alternative splicing 

patterns may be more important in determining risk in complex diseases than expression 

changes337.  

4.8.2. TIMP-3 Gene 

TIMP-3 is part of the TIMP gene family338. The proteins encoded by genes in this 

family inhibit proteolytic activity by matrix metalloproteinases (MMPs)318, 339. MMPs 

are a family of enzymes that between them, are capable of degrading almost all 

components of the basement membrane and extracellular matrix 338, 340, 341. The TIMP 

family therefore regulates the degradation of the extracellular matrix, which is 

comprised of collagens, non-collageneous glycoprotiens and proteoglycans318, 338, 341. 

TIMP-3 is the only member of the family to demonstrate functional variance and bind 

tightly to the extracellular matrix, and has been hypothesised to promote fibrosis342, 343. 

It has also been suggested that imbalances between MMPs and TIMPs, may contribute 

to delayed wound healing, although the precise mechanisms are unclear217, 317, 318. 

Although they are capable of binding to most MMPs, each of the four TIMP genes 

preferentially blocks activity of specific MMPs318, 338. TIMP-3 is known to inhibit 

membrane-type MMPs particularly well217. MMPs can be subdivided based on their 

functionality and the type of substrate they preferentially degrade, such as denatured 

collagen, fibrillar collagen and proteoglycans217, 338. As with the TIMP family, MMPs 

are also able to degrade substrates other than the ones they primarily cleave, creating 

considerable overlap amongst the family217, 338. Membrane-type MMPs act on multiple 

substrates found in the extracellular matrix 217. 
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Given their role in breaking down the extracellular matrix and their regulation of this 

process, it is not surprising that MMPs and TIMPs may influence the scarring process. 

During the final phase of the wound healing process, the wound contracts and the 

extracellular matrix is remodelled339. This alteration of the extracellular matrix involves 

continual synthesis and degradation of collagen fibrils and results in the conversion of 

granulation tissue to scar tissue339. MMPs contribute directly to the remodelling process 

by degrading the collagen and also indirectly, with their effect on cell behaviour339. 

Variation in MMP regulation by TIMP genes may therefore affect scar outcome. 

Remodelling of the extracellular matrix also impacts inflammation regulation, which 

may again affect the resulting scar318, 339. Excessive cleavage of the extracellular matrix 

by MMPs can cause chronic inflammation due to unsystematic degradation of 

components of the wound environment318. The association observed for SNP rs5749511 

in the TIMP-3 gene in this study is consistent with these previously observed links to 

wound healing. The detrimental effect delayed wound healing can have on scarring 

makes it plausible that this polymorphism may influence scar outcome.  

MMPs and TIMPs have also been linked to tumour progression, via the extracellular 

matrix’s role in cell growth and modulation338, 344. Considering the synergies between 

the proliferative effect of tumour progression and some forms of scarring, such as 

keloid scarring, this association may suggest another way in which variants of TIMP or 

MMP genes could influence scar outcome. 

4.8.3. TYRP1 Gene 

The TYRP1 gene is located on chromosome nine and belongs to a gene family that is 

involved in melanin pigmentation and influences the formation of melanocytes and 

melanoma345. It is one of a number of genes that play a role in pigment formation and 

secretion in the hair follicles, skin and uveal tract346. Tyrosinase-related proteins 

encoded by this gene are involved in the synthesis of melanin, catalysing secondary 
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steps in the process that determine the type of melanin produced345. There is also 

evidence that TYRP1 plays a role in maintaining the shape and structure of 

melanosomes and affects melanocyte proliferation and apoptosis345. 

Mutations in TYRP1 have been found in a form of oculocutaneous albinism, where 

individuals display a phenotype of reduced hair, eye and skin pigmentation347. 

Furthermore, the specific SNP rs2733832 in the gene is in strong linkage disequilibrium 

with a SNP recently found to be associated with blonde versus brown hair, and blue 

versus green or brown eye colour158. This association has not been replicated in all other 

studies, however, as Box et al.346 found no association with hair colour in a sample of 

100 individuals. Given the small sample size, the study may have been underpowered to 

detect an association. Alternatively, this may indicate that the association with hair 

colour is moderated by other factors or not applicable to all populations. This might also 

be the case with the SNP’s association with scar outcome. 

Given the role of the TYPR1 gene in pigmentation of the skin, hair and eyes and 

previous links (via linkage disequilibrium) between SNP rs2733832 and hair and eye 

colour, it is plausible that rs2733832 or other SNPS within the gene may also play a role 

in the pigmentation of scar tissue. The SNP rs2733832 was associated with both 

measures of scar outcome. The association with the standard measure is consistent with 

the previous discussion regarding a possible association with pigmentation of the scar 

tissue. For the modified outcome measure, which does not include the pigmentation 

measure, the association is less clear. It maybe that the observed relationship actually 

reflects an association between the SNP and the vascularity or colour of the scar, as it 

has been noted that the assessment of pigmentation and vascularity can be difficult to 

separate237, 239. As the association did not withstand multiple testing, however, it may 

also be that the initial associations were in fact by chance only. 
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4.8.4. TPCN2 Gene 

TPCN2 gene is a member of the two-pore cation channel family and is located on 

chromosome region 11q13.2158, 348. TPCN2 encodes a putative cation-selective ion 

channel; an ion channel protein that is selective for positively charged ions158, 349, 350. 

Ions pass through the narrow, protein-lined pores or channels in the plasma membrane, 

which open and close selectively, allowing small numbers of ions to pass from one side 

of the membrane to the other350. This movement of ions significantly changes the 

membrane’s electric potential350. Specifically, the protein, or channel, encoded by 

TPCN2 is thought to enable calcium ion (Ca2+ ) release from intracellular stores348. The 

release of Ca2+ from lysosomal stores is a fundamental process in controlling numerous 

physiological functions, including muscle contraction and cell motility351, 352.  

Ca2+ release is mediated by nicotinic acid adenine dinucleotide phosphate (NAADP), a 

cellular metabolite348. The channel conferring this release is believed to be the TPCN2 

channel, such that TPCN2 enables Ca2+ release, after activation with NAADP348. 

The potential mechanisms underlying the association between scar outcome and SNP 

rs3829241 in TPCN2 is not clear. However, calcium transportation appears to be related 

to the expression of various pigmentation characteristics. Other genes encoding proteins 

involved in calcium transport have been associated with pigmentation, namely 

SLC24A4 and SLC24A5310, 353. Further, SNP rs3829241 was one of two nonsynonymous 

SNPs in the TPCN2 gene recently found to be associated with blonde versus brown hair 

colour158.  

Given the link between rs3829241 and pigmentation characteristics, one explanation 

considered for the association between this SNP and scar outcome was that it reflected a 

direct or indirect association between scar outcome and skin colour. Fair skin colour 

may be associated with a poorer scar or be more likely to highlight imperfections in a 

scar and result in a diminished scar outcome rating. As rs3829241 is known to be 
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associated with hair pigmentation, it is plausible that it may also be associated with skin 

colour, reflecting a direct association between scar outcome and skin colour. It is the 

quantity and nature of melanosomes within melanocytes that determine all pigmentation 

characteristics and melanocytes migrate to the epidermis, the uveal tract of the eye and 

follicular appendages alike86, 349. Further, SNP rs3829241 was only associated with the 

standard measure of scar outcome, which included the pigmentation component. 

However, in contradiction to this hypothesis, rs3829241 was not significantly associated 

with eye colour or skin pigmentation traits in the large-scale study by Sulem et al., 

indicating that this mechanism may be unlikely. 

Alternatively, the association observed in these analyses may reflect a more indirect 

association between rs3829241 and skin colour, and subsequently scar outcome. In the 

study by Sulem et al.158, the A variant in rs3829241 was associated with darker hair. 

Individuals with darker hair may be more likely to also have darker pigmentation 

characteristics in general, including dark eyes and skin colour, determined by other 

genetic variants. The same A variant in rs3829241 was associated with a better scar 

outcome in these analyses, so it was hypothesised that individuals with the A variant 

may be more likely to have a darker skin colour, and therefore indirectly, a better scar 

outcome. To examine this further, the models used in these analyses were adjusted for 

self-reported eye and hair colour, however, no differences were observed in the SNP 

p-value. This may indicate that self-reported traits are not adequately sensitive or that 

other mechanisms we are unaware of are at play. 

4.8.5. CTGF Gene 

CTGF is part of a family of proteins that are associated with the extracellular matrix354. 

They are known as the CCN family, an acronym derived from the three key members; 

Cystein rich protein (Cyr61 or CCN1), Connective tissue growth factor (also known as 

CCN2) and Nephroblastoma overexpressed protein (Nov or CCN3)354. CTGF is a 
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cysteine-rich peptide that encodes a profibrogenic molecule produced by a number of 

cells355, 356. During the wound healing process, CTGF interacts with the TGF-β 

pathway, with the growth factor it encodes expressed after activation by TGF-β357-359. 

CTGF has previously been associated with fibroblast proliferation, extracellular matrix 

production and the formation of granulation tissue, and consequently, diseases 

involving fibrosis354, 360. CTGF has primarily been linked to fibrotic liver disease and 

systemic sclerosis; an autoimmune disease that presents as chronic fibrosis of the skin 

and major internal organs, including the heart, lungs, kidneys and gastrointestinal 

tract334, 356, 358, 361-364. 

The initial association of SNP rs9493150 with scar outcome is consistent with the 

up-regulation of CTGF and over-expression of the factor in fibroblasts in patients 

suffering from fibrotic disease334, 361. The minor allele (C) was associated with a poorer 

scar outcome prior to multiple testing. This allele of rs9493150 has previously been 

associated with increased risk of systemic sclerosis in a British population361. Similarly, 

although not significant after multiple testing, these analyses found the minor allele to 

be associated with a diminished scar outcome. This may have been related to the height 

of the scar, which may have been amplified due to fibrosis. However, the same (G945C) 

polymorphism was tested in a seemingly more ethnically diverse and larger sample of 

North American cases of European ancestry and the association was not replicated365. 

Similarly, this polymorphism was investigated in a group of patients with Hepatitis C 

but was not associated with severity of liver fibrosis, although significantly increased 

overall levels of CTGF were found in patients with liver fibrosis compared to 

controls364. This may indicate that the association with this particular SNP with fibrosis 

is not consistent across all populations or conditions and that the association observed 

with scar outcome may in fact have been spurious. 
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4.8.6. Clinical factors  

Clinical factors were also identified as independent predictors of scar outcome during 

the stepwise modelling process. Whilst these factors are widely discussed in relation to 

scar outcome, few studies have specifically tested their association with scar outcome. 

The associations reported in this study serve to reinforce current knowledge about 

clinical factors that are related to scarring. As each of the models explained 

approximately only 9% of the variance in scar outcome though, it would suggest that 

other undetermined factors remain to be identified.  

Maturation of the scar occurs over a period of time, so those scars assessed closer to the 

time of melanoma excision are more likely to be of poor quality211, 245. This is consistent 

with the association observed in this study, with less time since melanoma excision 

associated with a poorer scar outcome. Exclusion of scars less than six months old 

reduced the variation in scar outcome likely to be caused by scars in the early stages of 

remodelling216.  

The association of age at scar examination is also consistent with previous observations 

that whilst increased age can result in delayed wound healing, it can also result in a 

better quality scar245. It has been hypothesized that diminished cell proliferation, 

reduced levels of TGF-β and increased expression of fibrillin and elastin during the 

wound healing process in the elderly may explain age-related variation in scar outcome 

244, 247, 248.  Both local wound infection and systemic infection hinder wound healing and 

subsequently scar formation206, 209, 211. Consistent with this, the presence of infection at 

any time was associated with poor scar outcome in the sample. 

The association of absence of kidney failure and eczema with poor scar outcome was 

not consistent with the candidate’s hypotheses. Systemic disturbances such as renal 

failure are known to delay wound healing and were therefore hypothesized to negatively 
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impact scar outcome211. Further, a heightened inflammatory response at the wound site 

is known to result in increased scarring209, 211, 366. Inflammatory medical conditions are 

hypothesized to act in the same manner, so it was expected that the presence of eczema 

would negatively affect scar outcome. It may be that other interactions were at play or 

that medications related to these conditions had a positive impact on the scar outcome. 

Alternatively, there has been some emerging evidence that in some cases, an increased 

immune response, such as elevated inflammation, may actually positively affect the 

quality of wound repair and the resulting scar244. The presence of thyroid problems, 

however, was associated with a poor scar outcome, which may be related to the immune 

deficient nature of the disease211, 244, 367.  

4.8.7. Participant Characteristics 

The study sample was found to be generally representative of the overall WAMHS 

sample, which in turn is representative of melanoma cases diagnosed in Western 

Australia during the study period368 (refer to Chapter 3). When compared on 

demographic and histopathological variables common to both the study sample and the 

WAMHS sample, they differed only on sex. Although only nearing significance, there 

were fewer males and more females in the study sample. This is potentially due to a 

difference in study participation practices, with more females likely to consent and 

attend for a scar examination. The two samples were also compared on some phenotypic 

pigmentation characteristics but no significant differences were found. 

4.8.8. Scar Outcome Measurement 

The delays incurred between diagnosis, to recruitment into the study, and to attending 

for a scar examination resulted in a lengthy average time since excision. However, this 

was considered advantageous, as assessment of mature scars means that they are 

relatively stable and provide a more accurate picture of how the scar has healed.  
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The multivariate covariate models derived for each outcome (prior to standardisation 

between the models) differed on a number of variables. This could suggest that clinical 

factors associated with scarring influence particular aspects of the scar independently. 

The association between the time since excision and scar outcome was only present in 

the standard model, when pigmentation was included. This may indicate that variability 

in the pigmentation of the scar is more time dependent that the other components. 

Eczema, kidney or thyroid problems and infection were only associated with the 

modified outcome that did not include the pigmentation component, although it is not 

clear why this was observed. It may be these medical conditions are only associated 

with the vascularity, height or pliability components of scar outcome and the addition of 

pigmentation weakens the association. 

There were few differences between the genetic factors that were associated with the 

two measures. The same SNP in TGF-β1 was significantly associated with both the 

modified and standard measure after adjustment for multiple testing. Prior to 

adjustment, the same SNPs in TIMP-3 and TYRP1 were also associated with both 

measures. The effect size for each of these SNPs was only marginally higher in the 

standard model, with a negligible difference of between approximately 0.1 – 0.3 in 

coefficient values. These SNPs may have been common to both outcome measures 

because the association was with the overall composite measure of scar outcome, 

regardless of the inclusion of pigmentation. Alternatively, it may be reflective of an 

independent association with one of the height, vascularity or pliability components, or 

a combination of some of them, that was not masked by the inclusion of pigmentation. 

The genetic results between the two measures differed only on two polymorphisms. 

Only the modified outcome was associated with CTGF and only the standard measure 

with TPCN2. As discussed in Section 4.8.4, the association between TPCN2 and scar 

outcome may reflect an association with pigmentation, so it is reasonable that only the 
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standard outcome would be associated with this gene. Conversely, the association of 

only the modified outcome measure with CTGF is not clear. The association between 

this gene and scar outcome is hypothesised to be related to the fibrotic function of the 

gene, so it is unclear why the inclusion of the pigmentation component of scar outcome 

would make this association weaker. However, as only the association between SNP 

rs8110090 in TGF-β1 remained significant after adjustment for multiple testing, no 

strong conclusions can be drawn about the differences observed between the two 

outcome measures on the other genetic factors. 

4.8.9. Strengths 

This was a novel study in one of the largest known clinical samples of patients with 

non-keloid, surgical scars. The majority of previous research into scar outcome has 

focused on keloid scars, which are a unique form of scar, or hypertrophic scars, which 

are at the extreme end of the scar continuum. This study is one of few to investigate 

non-keloid, surgical scars and the only candidate gene study to date to investigate 

genetic factors associated with this type of scar outcome. Further, these analyses 

identified a SNP with a risk variant significantly associated with a diminished scar 

outcome. This original finding contributes to the hypothesis that genetic factors also 

underpin scar outcome in non-keloid scars and provides support for this hypothesis to 

be investigated further. The identification of genetic variants that are associated with 

scar outcome may lead to therapeutic interventions in the form of gene therapy, as well 

as the identification of individuals at risk of poor outcomes who can be treated with 

such therapies.  

Furthermore, given the generally representative nature of the study sample (with the 

exception of age), the results of this study may be extrapolated to other Caucasian 

populations, although this may be limited to those with characteristics correlated with 

melanoma risk factors. Similarly, the results of this study could also be extended to 
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other patient groups with surgical scars. Clinical and genetic factors that are associated 

with poor scar outcomes in melanoma patients may also have implications for surgical 

scars in general. Future gene therapy interventions and clinical management strategies 

could be applied to any individuals who are identified as being at risk of poor, 

non-keloid scarring following surgery. 

4.8.10. Limitations 

The use of multiple scar examiners, the subjectivity of the assessment scale and the 

difficulties inherent in applying this scale to non-burns scars were limitations of this 

study. In total, 13 scar examiners assessed scar outcome, which introduces a 

considerable amount of variation into an already subjective assessment scale. Efforts 

were made to limit this variation by administering standard assessment training to all 

examiners by one trainer. Also, in later stages of the examination process, this was 

addressed further by limiting examinations to one room when possible, to control the 

effect of lighting on assessing the colour and in cases, the size of the scar. However, 

variation across examiners was still likely to exist.  

It is important to note that accurate classification of scar outcome and the lack of a 

verified, objective assessment is an issue across the field of burns and scar outcome 

research, and is not specific to this project. Whilst the Vancouver Scar Scale is 

inherently problematic, it is still considered the ‘gold-standard’ of assessment and is 

therefore widely used, introducing classification issues into many studies. The 

development of objective measures is an emerging area of interest and techniques such 

as ultrasound, optical coherence tomography or laser based methods may provide a 

solution233, 369. 

Concerns from the clinical community also prevented data collection on the setting of 

the melanoma excision. The degree of clinician speciality would likely have a bearing 
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on the outcome of the scar, either positively or negatively. Patients treated by clinicians 

specialising in surgical excisions may have superior scar results, or a diminished 

outcome because the severity of their melanoma required more extensive removal than 

general practitioners could provide. Future studies could be improved by using the same 

practitioner to perform all excisions, as well as examining scars on the same body site in 

all patients. The use of a single scar examiner would also help to reduce bias, or an 

assessment of inter-rater reliability could be incorporated into studies using multiple 

scar examiners. 

Data regarding pigmentation, medical conditions, scar management techniques and in 

some cases, data used to derive time since excision, were all self-reported data. These 

data are likely not without error or potential bias, and this may have influenced results. 

Access to medical records to confirm medical conditions and infections present at the 

time of excision and complete notification to the WACR regarding re-excisions may 

limit this issue. Similarly, a prospective study that required participants to complete a 

diary regarding scar management techniques would increase accuracy. The use of 

objective spectrophotometer data was considered to address the issue of self-reported 

skin colour. However, as the instrument was not available during all participants’ scar 

examinations this would have resulted in missing data, so it was considered better to use 

the subjective but more complete self-reported measure. Upon reflection, a scar 

examiner assessed measure of hair and eye colour could have been implemented as part 

of the scar examination. However, as these data were collected as part of the overall 

WAMHS questionnaire and their inclusion as covariates in the scar analyses was 

determined later, it was not considered at the time. 

Skin graft data used to exclude cases who had received the treatment was also 

self-reported. Inaccuracies in this data may have resulted in the inclusion of cases with a 

skin graft in the sample, which may have influenced results. As scar outcomes for skin 
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grafts were considered to be different from those without, this may mean that 

associations between covariates and SNPs with scar outcome are reflecting an 

association with skin graft outcome. However, the number of cases that may have been 

included in error would be small, if any, and would therefore not be likely to influence 

the results significantly. 

4.8.11. Future Research 

The results of this study suggest that genetic polymorphisms may explain some 

variation observed in non-keloid scar outcomes. In particular, genes that are involved in 

the wound healing process may also affect the resulting scar outcome. These results are 

hypothesis generating and further investigation and genetic replication studies in larger 

samples are required.  

A suggested direction for future research is exploration of the biological pathways for 

the SNPs and genes discussed. A genome wide association study on a large, 

population-based cohort may also elicit further genetic variations associated with scar 

outcome. In light of this, co-authors on the manuscript (0) are currently investigating 

scar outcome resulting from burn injury in a large, multi-centre sample. They plan to 

investigate associations with the SNPs considered in this study, as well as using 

genome-wide approaches. Combinations of SNPs that may explain variance in scar 

outcome could also be investigated, in larger samples that are powered to detect such 

associations. Further elucidation of these polymorphisms may enable early detection of 

patients at risk of poor scar outcomes who can be provided with additional clinical 

support or potential gene therapies. 

Future studies that aim to establish larger cohorts in which to investigate factors 

associated with scar outcome could also implement a prospective, longitudinal study 

design. Recruiting individuals at the time of excision and performing multiple scar 
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examinations at standard time points would facilitate more detailed analyses that could 

map the trajectory of scar formation, maturation and remodelling, and factors associated 

with scar outcome during each of these phases. Examination by a single examiner, the 

development and implementation of a more objective assessment tool and prospective 

collection of relevant medical data at the time of treatment would also benefit future 

studies. 

4.8.12. Summary 

This chapter details the collection and analysis of clinical, histopathological and genetic 

data related to scar outcome following melanoma excision. Scarring is an issue that 

affects all melanoma patients, as the standard treatment for melanoma is removal of the 

tumour from the skin, which involves wide, local excision of the skin and the 

subcutaneous tissue around the tumour. This chapter investigated the association of 

clinical and genetic factors that may be related to scar outcome. The associations 

observed between clinical factors and scar outcome reinforce current clinical 

knowledge. The novel, significant association found between SNP rs8110090 in the 

TGF-β1 gene and scar outcome suggests a potential role for genetic factors in non-

keloid scar outcomes. Despite the limitations of the study, this was a novel study in a 

representative sample of melanoma patients. Additional investigations of this 

association, and polymorphisms in other pigmentation and wound healing genes that 

were significantly associated prior to multiple testing, are warranted in larger, higher 

powered samples. 
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CHAPTER 5                                                              

FAMILIAL AGGREGATION OF MELANOMA AND 

CO-AGGREGATION WITH OTHER CANCERS 

5.1.  INTRODUCTION 

A family history of melanoma is one of the key risk factors for melanoma development 

and acts as a proxy for the genetic and environmental risk factors that are shared by 

family members. Melanoma has been shown to aggregate strongly within families and 

estimates suggest that a family history of melanoma is associated with an approximately 

two-fold increase in an individual’s risk of melanoma development11, 69, 85. Familial 

melanoma is thought to account for between 5 - 10% of all melanoma cases10, 79, 86. 

However, mutations in CDKN2A, the primary high risk familial susceptibility gene 

identified to date, account for only about 20 - 40% of these cases77, 79, 86. This suggests 

that other genetic risk factors for familial melanoma may exist and remain to be 

determined. It is also possible that these unknown genetic factors may be associated 

with the inheritance of other familial cancer types through pleiotropic or other 

mechanisms. 

Varying degrees of evidence exist for the familial co-aggregation of melanoma with 

other cancers, including glioma, non-Hodgkin’s lymphoma, multiple myeloma, and 

breast, colon, kidney, pancreatic and prostate cancers189-192, 194, 203. Several studies have 

used large, population-based and genealogically-linked datasets from the United States 

of America (Utah), Sweden and Iceland to investigate the associations between cancer 

types189-193 . However, the majority of studies have been conducted as family studies, 

often in small numbers of pedigrees195-199, 201, 202. Associations between melanoma and 
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pancreatic cancer have been noted specifically in melanoma families carrying CDKN2A 

mutations195, 197, 199, 201-203, 370. CDKN2A has also been implicated in susceptibility to 

other cancers, such as pancreatic cancer, but these associations are not as well 

established as the association with melanoma risk195, 201-203, 371. 

Identification of familial aggregation patterns for cancer and familial effects on 

co-aggregation of cancers may lead to improved knowledge regarding mechanisms of 

disease, assist identification of familial cancer syndromes and provide valuable 

information about potential predisposition genes. This may subsequently direct genetic 

screening programs and improve clinical risk prediction, as has been the case with 

familial breast cancer372, 373. However, few studies to date have investigated familial 

patterns of multiple cancers in large, population-based samples.  

Western Australia is one of the few places in the world that supports a comprehensive, 

population-based linkage system of health records. The Western Australian Data 

Linkage System provides the infrastructure for the regular linkage of over 30 data 

collections, including routinely collected government registries and datasets, non-

government data collections and research-specific datasets278, 374. This linked health data 

system includes population-based cancer registrations, enabling near total ascertainment 

of all incident cases of cancer, and an associated population-level genealogical 

system277, 278. The availability of these data enables investigation into the familial 

patterns of disease on a large-scale in the Western Australian population277, 278. 

Using linked health data, analyses in this chapter therefore aimed to investigate the 

familial aggregation of melanoma in Western Australian families, and the 

co-aggregation of melanoma with other cancers. First, the risk of developing melanoma 

or cancers other than melanoma (non-melanoma cancers hereafter) based on the number 

of first-degree relatives with melanoma was investigated. Second, the risk of developing 
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melanoma based on the number of first-degree relatives with other, non-melanoma 

cancers was investigated. The chapter describes the linked data used for analyses, the 

data cleaning undertaken, an overview of the study sample, and the analyses undertaken 

to investigate the familial nature of melanoma and its aggregation with other cancers. 

5.2. MANUSCRIPTS 

A manuscript arising from work completed in this chapter is in preparation for 

publication. The manuscript describes the familial aggregation of melanoma and the 

co-aggregation of cancer types in the Western Australian population. 

5.3. CANDIDATE’S CONTRIBUTION 

The data for this project were originally cleaned and analysed for a familial breast 

cancer study conducted by Dr Rebecca Webster and Dr James Dowty. The candidate 

re-cleaned all data and amended the scope substantially to include all possible cancer 

diagnoses, as well as deriving new variables and covariates. The candidate then applied 

similar methods to those used by Dr Webster and Dr Dowty to investigate the research 

questions of this study. Modifications were made to the analytic models to include 

multiple individual cancer diagnoses and further define the time at risk. All analyses 

were conducted by the candidate.  

5.4. ETHICAL AND DATA ACCESS APPROVALS 

Analyses conducted by the candidate in this chapter using Western Australian Data 

Linkage System data were granted approval by the Department of Health Western 

Australia’s Human Research Ethics Committee (reference 2011/35) and by The 

University of Western Australia’s Human Research Ethics Committee (reference 

RA/4/1/1545) 
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5.5. WESTERN AUSTRALIAN DATA LINKAGE SYSTEM  

5.5.1. System Overview 

Medical record linkage has been described as combining data on the same patient from 

separate datasets, without the use of a unique identifier278, 375. The availability of 

electronic health records and patient information can facilitate the linkage of records 

from existing datasets for use in research and public health surveillance and planning374, 

375. The Western Australian Data Linkage System was established in 1995 and provides 

the infrastructure for the population-based linkage of health records from Western 

Australian individuals374. There are currently nine core datasets in the Western 

Australian Data Linkage System and at least 25 other associated datasets that have been 

linked in. The core datasets are updated and linked on a regular basis and comprise 

collections from the Department of Health Western Australia, the Office of the 

Registrar General and the Electoral Roll. The Department of Health Western Australia 

routinely collects health information data for the WACR, the Midwives Notification 

System, the Hospital Morbidity Data Collection, the Mental Health Information System 

and the Emergency Department Data Collection. Similarly, the Office of the Registrar 

General routinely collects data for the Birth Registrations, Death Registrations and 

Marriage Registrations databases. The Department of Health curates the Births, Deaths 

and Marriages databases on behalf of the Office of the Registrar General. 

The scope of other datasets linked into the system is extensive. It includes 

Commonwealth data sets such as the Pharmaceutical Benefits Scheme, other 

Department of Health registries and data collections, and data from other state 

departments and private organisations like St John Ambulance. Data from the 

Socio-Economic Indexes for Areas (SEIFA) and Accessibility/Remoteness Index of 

Australia (ARIA) geocoding data and the Western Australian Family Connections 
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Genealogical System (Family Connections hereafter) are also included. All datasets 

currently included in the Western Australian Data Linkage System are shown in Figure 

5.1. 

 

 

Figure 5.1: Data collections in the Western Australian Data Linkage System 376 

 

As no unique health care identification numbers are used in the Australian health care 

system for all individuals, probabilistic record linkage is used to create chains of links 

between the datasets for individuals374, 375. This record linkage process uses an 

individual’s surname, first given name, initial, sex, date of birth, address and, for 

individuals with hospital admission data, their unit medical record number. The 

algorithms used classify the resulting links as either definite matches, definite non-

matches or possible matches that require manual checking374.  
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The ‘chain of links’ method used involves linking records from each database together 

for each individual, creating a master links file of all known records that is continually 

reviewed and updated278, 374. This process results in a single chain for each individual, 

with pointers, in chronological order to each separate health episode or recorded 

event278. The chains themselves do not contain clinical information but serve as an 

indication that data exists for that individual278. For example, an individual’s chain may 

contain five links that point to a cancer record, two discrete hospital records, a death 

record and a link to their electoral roll record. In a demonstration file of data from 

1990 to 1994, 55% of individuals in the system had just one record, 43% had between 

two to nine records and the remainder in excess of 10 records374. An example of the 

extent of links available was demonstrated by 759 links for one individual, largely due 

to ongoing in-hospital treatments374.  

The following sections (5.5.2 - 5.5.9) will provide an overview of the seven Western 

Australian Data Linkage System datasets used in the analyses presented in this chapter. 

The Western Australian Birth Registration and the Midwives Notification System 

collections were used to identify the probands for the study and to provide demographic 

data, as were the Western Australian Electoral Roll and the Hospital Morbidity Data 

Collection. The Mortality Data System provided data on death notifications and 

additional demographic data. The Family Connections system provided the genealogical 

links required for analyses and histopathological data regarding cancer diagnoses was 

obtained from the WACR. The following sections also detail the variables that were 

extracted from these datasets for analyses. Section 5.6.1 then explains how each 

variable was extracted to define the study cohort. 

5.5.2. Western Australian Birth Registrations 

Electronic Western Australian Birth Registration records from 1974 onwards are 

available as linked data. All children born in Western Australia are included on the 
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register and records include date and place of birth data about the child and their 

parents, as well as parental marriage details and dates of birth for previous children. 

Minimal additional birth-related data are also included for the child, such as birth 

weight and gestational period. The variables for analyses from this dataset were year of 

birth and sex. 

5.5.3. Midwives Notification System 

All live and stillbirths over 20 weeks gestation or with a birth weight greater than 400 g 

are recorded on the Midwives Notification System. Notification occurs via the 

Notification of Case Attended Forms completed by midwives at each birth they attend 

and approximately 30,000 births are recorded each year in Western Australia. Data from 

this collection include detailed pregnancy and delivery data, infant condition at birth 

data and maternal demographic details. The variables for analyses from this dataset 

were year of birth and sex. 

5.5.4. Marriage Registrations 

Marriage registration data is available from 1984 onwards. However, data from this 

collection are only used for linkages at both the individual and family level and are not 

released for research purposes. Marriage registrations were used in this study in the 

context of forming familial links as part of the Family Connections system and no 

variables were extracted specifically for analysis. 

5.5.5. Western Australian Electoral Roll 

Data from the Western Australian Electoral Roll is available from 1988 onwards and is 

used in the selection of controls for research projects and for linkage purposes. Data 

from this collection include basic demographic data such as sex and date of birth, 

provided only as five-year age groups. The variables for analyses from this dataset were 

year of birth and sex. 
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5.5.6. Hospital Morbidity Data Collection 

The Hospital Morbidity Data Collection houses inpatient, waitlist and hospital survey 

data from all public and private hospitals in the state. Electronic inpatient data dates 

back to 1970 and routine data collection has resulted in approximately 20 million 

records. Cross-sectional waitlist data have been collected periodically since 1991 and 

the Beds and Services Survey since its implementation in 1993. Data include 

demographic data and fields regarding duration and nature of stay, diagnosis and 

procedure code and hospital type and location. The variables for analyses from this were 

year of birth and sex. 

5.5.7. Mortality Data System 

The Mortality Data System contains data on all deaths registered in Western Australia 

since 1969. Variables in this data set include demographic data of the deceased, cause of 

death, date of death and other details regarding the place and nature of the death. Cause 

of death data are updated on an annual basis and can be added to death records up to 

two years after the death event. The variables for analyses from this dataset are 

presented in Table 5.1.  

 

Table 5.1: Variables for analyses from the Mortality Data System dataset 

Variable Type Units 

Individual identification number Unique N/A 

Death record code Unique N/A 

Age at death Continuous Years 

 

5.5.8. Western Australian Family Connections Genealogical System 

The Family Connections system provides a network of genealogical links for the 

Western Australian population277. This system uses routinely collected data to 
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determine genealogical links that can be used for research purposes in combination with 

health data. Specifically, the aim of establishing this database was to enable the 

investigation of familial factors underlying disease277. 

Birth registrations were the primary source of information for forming the genealogical 

links, as they define parent-offspring relationships277. Marriage, death and other 

registrations, such as those in the Midwives Notification System, are used to 

supplement birth registration data. These data are used to confirm marital unions and 

name changes, and identify additional parent-offspring relationships277. No data on 

adoptions or divorces are incorporated into the pedigrees. 

The Family Connections system is being implemented in three phases and analyses in 

this chapter used data from Phase I. The first phase of the project used electronic 

records to create the genealogical links, with birth records available from 1974 onwards 

and death and marriage registrations from 1984 onwards. The second phase is currently 

underway and incorporating paper records in stages back to 1841, initially adding 

records from 1950 onwards. The planned third phase is via a public campaign to invite 

the general public to contribute their own family history data to improve the 

completeness of the data collection277. 

Family pedigree data obtained for analyses detailed in this chapter are presented in 

Table 5.2. Each proband has the identification numbers of their mother and father listed 

in the data file, along with a family identification number. Each relative of the proband 

also appears separately in the data file, with their parents’ identification numbers listed 

and so on, until the founders (as per Phase 1) are reached. 
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Table 5.2: Variables for analyses from the Western Australian Family Connections 
Genealogical System 

Variable Details 

Individual identification number Unique to each individual 

Family identification number Unique to each family 

Mother’s identification number Individual identification number for the individual’s 
mother 

Father’s identification number Individual identification number for the individual’s 
father 

 

5.5.9. Western Australian Cancer Registry 

As discussed in Chapter 3, the WACR has complete incident cancer record data 

available from 1982 onwards. The majority of primary notifications of malignant 

diagnoses are from mandatory pathology reporting47. Additional information is obtained 

from a variety of other sources to supplement the original notification, including death 

registrations, hospital files and treating medical practitioners47. Tumour details are 

entered onto the WACR in a standard format.  

The variables from the WACR data used in analyses are presented in Table 5.3. The 

cancer type code was used in all following analyses, with the ICD-10, topography and 

morphology codes used for checking purposes. The histopathology and summary data 

for each diagnosis were provided as a composite variable and each component was 

therefore extracted to form a separate variable. The WACR routinely links death 

notification data to cancer records, thus a date of death was available in these data for 

some individuals in the sample. 
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Table 5.3: Variables for analyses from the Western Australian Cancer Registry dataset 

Variable Details 

Cancer registry number Unique WACR identification number 

Date of birth Day/month/year (using a dummy day of 15) 

Date of death Day/month/year (linked separately by the WACR 
to the Mortality Data System) 

  

Histopathology data per diagnosis  

Sequential pathology number  

Tumour topography code Tumour site (detailed in Table 3.1) 

Tumour morphology/tissue code Histology code (detailed in Table 3.2 ) 

Tumour behaviour code E.g. invasive or in situ (detailed in Section 3.7.4) 

Basis of diagnosis E.g. histopathology, hospital record 

Date of diagnosis Day/month/year 

  

WACR summary data  

ICD-10 code Determined via conversion routine from the 
ICD-O-3 code (detailed in Chapter 4 and 
Appendix B)  

Cancer type code WACR summary data derived from ICD code 

 

5.6. STUDY POPULATION OVERVIEW 

5.6.1. Study Population Definition and Data Linkage 

Data were extracted from the seven statutory datasets and the system of genealogical 

links described in the previous section. The study population comprised all births in 

Western Australia between 1974 (when electronic records commenced) and 2007 (when 

data was extracted), and all of their known relatives. Relatives were identified from 

Phase I of the Family Connections system, which as described, involves the use of 

available electronic birth, death and marriage records from 1974 to create a system of 

genealogical links277. The current study therefore contained all individuals in Phase I of 

the Family Connections system that were available at the time data were extracted. 
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Year of birth and sex were extracted for all individuals, primarily using birth 

registrations or midwife notification records. This information was not available from 

either of these datasets for approximately 32% of individuals and was therefore 

extracted, in preferential order, from the Western Australian Electoral Roll, the Hospital 

Morbidity Data Collection or the Mortality Data System. The most recent record in each 

of these datasets was taken if multiple records existed.  

Cancer records were extracted for any individual in the study population who had a 

cancer diagnosis recorded on the WACR. Death registrations were extracted for any 

individual with a record within the Mortality Data System. 

5.6.2. Data Preparation 

A total of 1,530,147 individuals were initially extracted from the linked data system. 

This section describes the data cleaning undertaken and the new variables that were 

created from the original data. Following these processes, all cancer record data, death 

registration data, demography data and family pedigree data were merged into one file, 

using the individual identification number. 

5.6.2.1. Cancer record data 

Individual exclusions 

There were 49,840 individuals with at least one cancer record from the initial data 

extraction. However, 4,408 of these individuals had no associated histopathology 

records and duplicate records were removed for a further two cases. A further 16,454 

individuals were not considered to have at least one valid cancer record, as defined for 

the purpose of the current study in the following section. In the sample of 1,530,147 

individuals there were therefore 28,976 individuals (1.9% of the total sample) with a 

cancer diagnosis.  
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Cancer record exclusions 

An individual in the sample could have up to nine cancer diagnoses recorded. Each of 

the nine possible records were assessed for validity, with the following records 

considered invalid for the purpose of the current study and removed. There were 16,654 

records (note: not individuals) identified as either in situ (i.e. non-invasive) tumours or 

tumours that could not be confirmed as invasive tumours from their behaviour code. As 

the focus of this study was invasive tumours, these records were removed. A further 

2,579 records only had a Hospital Morbidity Data System basis of diagnosis recorded, 

which is not considered reliable by the WACR. There were 282 records that were 

diagnosed prior to 1982, the time-point at which the WACR commenced compulsory 

data collection, and therefore excluded. A flow chart depicting all individual and record 

exclusions from the cancer data is presented in Figure 5.2.   

New variable generation 

A number of new variables were calculated for analyses and these are presented in 

Table 5.4. As will be detailed in Section 5.6.4, only cancers with a frequency in the 

sample of greater than 2.0% or cancers that were hypothesised to be associated with 

melanoma were examined in detail and used in subsequent analyses. A variable 

indicating diagnosis of each of these cancer types was generated for each of the nine 

records, using only the records determined to be valid for this study. An overall variable 

was then created, taking into account all nine possible records, to indicate if an 

individual had ever been diagnosed with a particular type of cancer. 

Age at diagnosis for each of an individual’s nine possible cancers was determined using 

the new date of diagnosis variables created for valid cancers. From these variables, the 

age at diagnosis of the first incidence of each cancer type was determined.  
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Figure 5.2: Cancer data exclusions flow chart 

 

The survival analyses detailed later in this chapter (Section 5.7.2) required age at the 

end of the study (2008) to be calculated for all individuals, as well as age at death for 

those with a death notification. Discrepancies were noted for some individuals between 

the year of birth as determined from their demographic data, and that recorded on their 

cancer record. This was considered an artefact of the probabilistic matching process or 

administrative error in one of the datasets. Birth date data from the cancer record were 

used in all age calculations for individuals with a cancer record, as the cancer data 

provided the complete date of birth and not just year of birth. This therefore ensured 

consistency with age calculations based on dates of diagnosis in the cancer data. For 
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1.2% of the total sample (n=18,666), no year or date of birth data were available from 

any dataset and age was subsequently set to missing. 

Date of death was not available in the data provided for individuals with a death 

notification, only age at death. Therefore, age at death could not be recalculated using 

the cancer data birth date for individuals with both a cancer record and a date of death. 

As the cancer data also recorded date of death for these individuals (linked separately 

from the Mortality Data System), this death record was used preferentially over the 

demographic data to determine age at death. If date of death was not recorded in the 

cancer record data but a death notification existed, age at death as provided in the death 

data was used. 

 

Table 5.4: New variables created from the Western Australian Cancer Registry data for 
individuals with one or more cancer records 

Variable  Type Unit 

Affected status for each cancer type, for each of the 9 
possible cancer record 

Binary (yes/no) N/A 

Overall affected status for each cancer type Binary (yes/no) N/A 

Age at diagnosis of each cancer diagnosis Continuous Years 

Age at first diagnosis of each cancer type Continuous Years 

Age at death (using cancer record date of death data) Continuous Years 

Age at 2008 (using cancer record date of birth data) Continuous Years 

 

5.6.2.2. Death record data 

A duplicate death record was identified and deleted for 23 individuals in the original 

death record data file. For individuals without a cancer notification, age at death was 

taken as provided in the death data. Once age at death calculations from cancer record 

data were included, all individuals with a death record had an age at death recorded. 
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5.6.2.3. Demographic data  

The demography file did not have any duplicate records but there were 48 individuals 

for whom sex information was missing. The final file included the individual 

identification number, the year of birth and sex, obtained from the various datasets. As 

discussed in Section 5.6.2.1, age at 2008 was also calculated for all individuals. For 

individuals without a diagnosis, their year of birth from the demographic data was used 

to determine this age. 

5.6.2.4. Family pedigree data 

The final family pedigree file did not require any further cleaning. Degree of relatedness 

was subsequently calculated between genetically-related individuals, using the family 

identification number to identify first-degree relatives for subsequent analyses. First-

degree relatives were defined as parents, siblings and offspring. Once merged with the 

cancer data, this was then used to create variables reflecting the number of first-degree 

relatives diagnosed with each cancer type(s) for each individual case. These variables 

are presented in Table 5.5. 

 

Table 5.5: New variables reflecting cancer diagnoses within families created from family 
pedigree data and cancer notification data 

Variable  Type 

Total number of family members diagnosed with each cancer type Continuous 

Number of first-degree relatives diagnosed with each cancer type Continuous 

 

5.6.2.5. Case exclusions 

A number of cases were subsequently excluded from the sample of 1,530,147 

individuals who were initially extracted from the linked data system. These included the 

48 individuals with no sex information recorded and the 18,666 individuals who had no 
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birth date or birth year data available. Age variables for the study were to be censored at 

85 years for analyses, so that end-of-life increases in mortality did not bias estimates. 

Therefore, three individuals who were older than 85 years in 1982 were also excluded, 

as they would not have been at risk of any cancer in the current study. Similarly, there 

were 2,784 individuals who had a date of death prior to 1982 and were excluded, as 

they had died before a cancer diagnosis could have been recorded in the WACR, and 

therefore before they could be at risk of cancer in the current study. Following these 

exclusions, there were 1,685 individuals in the sample who had no relatives recorded, 

and were therefore also removed. Following these exclusions, the final sample size was 

1,506,961 individuals. 

5.6.3. Sample characteristics overview 

Descriptive analyses were performed to provide an overview of the sample 

characteristics. The results of these analyses are described in this section, both at an 

individual level (Table 5.6) and by family (Table 5.7), using the family identification 

number to includes all known relatives. More detailed cancer related characteristics are 

presented in Section 5.6.4. All analyses in this chapter were performed using the 

statistical package R286 v2.14.1 (R Foundation for Statistical Computing, Vienna, 

Austria). 

5.6.3.1. Individual level characteristics 

Following all exclusions described in Section 5.6.2, the total sample size was 1,506,961 

individuals, 28,966 of whom had had at least one eligible cancer diagnosis and 27,192 

of whom had a date of death (Table 5.6). The male to female ratio was approximately 

equal (1.01:1) and the average age of the individuals alive at 2008 was 31 years 

(SD=18.1). The majority of individuals were less than 40 years of age at the end of the 

study (62.8%). The youngest individual at 2008 was one year old and there were 17 

individuals older than 85 years, the eldest of whom was 93 years old.  
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Table 5.6: Overall sample characteristics (n=1,506,961 individuals) 

Characteristic n [%] 

Sex  

Male  758,072     [50.3]  

Female 748,889     [49.7]  

  

Age at 2008a, b (years)  

1 - 19 469,104     [31.1] 

20 - 39 477,377     [31.7] 

40 - 59 447,931     [29.7] 

60 - 85 85,357       [5.7]  

N/A 27,192       [1.8]  

   

Died during study period 

Yes 27,192       [1.8]

No 1,479,769     [98.2]

   

Age at deathb  (years) 

<1  7,989       [0.5]

1 - 19 2,497       [0.2]

20 - 39 5,169       [0.3]

40 - 59 8,801       [0.6]

60 - 85 2,736       [0.2]

N/A 1,479,769    [98.2]

 

At least one cancer diagnosis 

Yes 28,966       [1.9]

No 1,477,995     [98.1]
a Includes only individuals alive at 2008 
b Calculated using age from cancer data and demographic data 

 

The minimum age at death was before the age of one and the maximum age was 100 

years. There were 19 individuals with an age of death over 85 years. The average age at 

death was 29 years (SD=24.1) and more males (63.1%) than females died during the 

study period. Of those who had died, the largest proportion were in the 40 - 59 years age 
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bracket (32.3%) and the second largest proportion died in the year that they were born 

(29.4%). The young age of the sample is a key feature of the dataset, and is due to the 

construction of familial links from young probands born between 1974 and 2007, with 

limited vertical span within the pedigrees. 

5.6.3.2. Family level characteristics 

Family level characteristics are presented in Table 5.7. There were 306,332 distinct 

family groups in the sample, with an average of five people in each family. Large 

families existed in the sample due to the use of marriage records in the construction of 

genealogical links, which results in links between families. This did not affect 

subsequent survival analyses though (Section 5.7), as degree of relatedness was 

determined and only first-degree relatives included in these analyses.  

Cancer diagnoses were spread across 26,442 families, the majority of whom had only 

one diagnosis in the group (92.7%). The maximum number of cancer diagnoses in any 

one family was 287, observed in the largest family group. The minimum number of 

deaths in any one family was one and the maximum was 1,156. Deaths occurred across 

22,624 families, with only one death occurring in the majority of these families.  
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Table 5.7: Overall sample characteristics by family (n=306,332 families) 

Characteristic n [%] 

Family size (individuals) 

2 17,979   [5.9]

3 85,102 [27.8]

4 100,603 [32.8]

5 47,930 [15.6]

6 20,199   [6.6]

7 9,349   [3.1]

8 5,678   [1.9]

9 4,111   [1.3]

10 2,947   [1.0]

11 – 20 9,476   [3.1]

21 – 50 2,527   [0.8]

>51 431   [0.1]

 

Number of cancer diagnoses per family 

0 279,890 [91.4]

1 24,518  [8.0]

2 1,747   [0.6]

3 127 [<0.1]

4 27 [<0.1]

5 - 10 18 [<0.1]

≥11  5 [<0.1]

 

Number of death records per family  

0 283,708 [92.6]

1 20,148   [6.6]

2 2,011   [0.7]

3 304   [0.1]

4 82 [<0.1]

5 - 10 66 [<0.1]

≥11  13 [<0.1]
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5.6.4. Detailed cancer related characteristics 

Detailed descriptive analyses were performed on the cancer data and the results are 

presented in this section. Unless otherwise stated, all proportions are relative to the total 

number of individuals with at least one cancer diagnosis (n=28,966) and not the number 

of individuals in the total sample (n=1,506,961). Where relevant to subsequent analyses, 

some family level characteristics presented in this section include only first-degree 

relatives. 

5.6.4.1. Individual level characteristics 

Summary characteristics of the individuals in the sample with at least one cancer 

diagnosis are presented in Table 5.8. The male to female sex ratio amongst cancer cases 

was relatively equal (1.07:1), with slightly more male individuals than females. Of the 

individuals with a cancer diagnosis, 93.6% only had one (1.8% of the total sample) and 

5.8% had two diagnoses (0.1% of the total sample). Less than 1% of cancer cases had 

more than two cancer diagnoses. There were significantly more deceased individuals 

amongst the cases with a cancer diagnosis compared with the sample as a whole 

(p<0.0001). 

The frequency distributions of all cancers diagnosed as a first cancer are reported in 

Table 5.9. The most commonly diagnosed first cancer was melanoma, with 5,660 cases 

(19.5%). This was closely followed by breast cancer (17.3%) and then prostate cancer 

(8.2%) and colorectal cancer (8.1%). All other cancers were diagnosed as a first cancer 

with a frequency less than 6.0%. Basal cell carcinomas and squamous cell carcinomas 

are not routinely reported to the WACR and therefore are not included in these data. 

‘Other skin cancers’ includes other cutaneous malignancies that are not melanoma, 

basal cell carcinomas or squamous cell carcinomas, such as Merkel cell carcinomas. For 

simplicity in displaying the frequency distributions, all forms of leukaemia and 
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lymphoma have been grouped together, although it is recognised that the various forms 

of these diseases are likely to have different underlying biological pathways. 

Table 5.8: Summary of characteristics of individuals in the sample with at least one cancer 
diagnosis  (n=28,966)a 

Characteristic Cases

n [%] 

Sex 

Male 14,965 [51.7]

Female 14,001 [48.3]

 

Deceased 

Yes 6,574 [22.7]

No 22,392 [77.3]

 

Number of primary cancer diagnoses 

1 27,103 [93.6]

2 1,680   [5.8]

3 152   [0.5]

4 24 [<0.1]

≥5 7 [<0.1]
a Total sample size based on n=28,966 cases with at least one cancer diagnosis 
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Table 5.9: Frequency distribution of cancers diagnosed as the first cancer diagnosis 
between 1982 and 2007 in Western Australia (n=28,966)a 

Cancer site Cases diagnosed

n [%]

Melanoma 5,660 [19.5]

Breast 5,017 [17.3]

Prostate 2,387   [8.2]

Colorectal 2,346   [8.1]

Lymphoma (all combined) 1,538   [5.3]

Other skin cancersb 1,205   [4.2]

Lung 1,189   [4.1]

Leukaemia (all combined) 985   [3.4]

Thyroid 903   [3.1]

Brain  756   [2.6]

Lip/gum/mouth 756   [2.6]

Cervix 740   [2.6]

Testis 681   [2.4]

Kidney 632   [2.2]

Stomach 359   [1.2]

Ovary 299   [1.0]

Pancreas 294   [1.0]

Uterus  (corpus  & not otherwise specified) 288   [1.0]

Bladder and urinary tract 256   [0.9]

Connective & other soft tissues 233   [0.8]

Other lymphohaematopoietic neoplasms (all combined) 193   [0.7]

Myeloma & plasma cell tumours 188   [0.7]

Mesothelioma 174   [0.6]

Pharynx  169   [0.6]

Liver & intrahepatic bile ducts 168   [0.6]

Oesophagus 168   [0.6]

Bones, joints & articular cartilages 160   [0.6]

Tongue 144   [0.5]

Eye & lacrimal gland 142   [0.5]

Larynx 126   [0.4]

Gallbladder & bile ducts 95   [0.3]

Small intestine 86   [0.3]

Parotid gland  82   [0.3]

Adrenal gland 77   [0.3]
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Table 5.9 continued  

Cancer site Cases diagnosed 

n [%] 

Anus 71   [0.3] 

Nasal cavity/sinuses & middle/inner ear 57   [0.2] 

Vulva 52   [0.2] 

Peritoneum & retroperitoneum 42   [0.2] 

Nasopharynx 39   [0.1] 

Spinal cord & cranial nerves 33   [0.1] 

Endocrine glands 24 [<0.1] 

Major salivary gland (excluding parotid)  24 [<0.1] 

Pleura, heart & mediastinum 22 [<0.1] 

Thymus 21 [<0.1] 

Penis 18 [<0.1] 

Nervous system (peripheral & autonomic) 16 [<0.1] 

Vagina 15 [<0.1] 

Kaposi sarcoma 9 [<0.1] 

Other female genital (including uterine adnexa) 8 [<0.1] 

Other male genital 6 [<0.1] 

Meninges (cerebral & spinal) 6 [<0.1] 

Placenta 5 [<0.1] 
a Total sample size based on n=28,966 cases with at least one cancer diagnosis 
b Excluding melanoma, basal cell carcinoma and squamous cell carcinoma 

 

The remainder of the chapter considers only cancers diagnosed in the sample with a 

frequency of greater than 2.0%. These cancers were melanoma, breast, prostate, 

colorectal, lung, thyroid, brain, lip/gum/mouth, cervical, testicular and kidney cancers. 

Although the frequency of pancreatic cancer was less than 2.0%, it was also included, as 

one of the most widely reported co-aggregations with melanoma is with pancreatic 

cancer109, 195, 196, 198, 199, 201, 202. Other cancers that have previously been found to 

aggregate with melanoma to a lesser extent, such as multiple myeloma and 

non-Hodgkin’s lymphoma, occurred at frequencies less than 1.0% in the sample. This 

frequency was considered too low for inclusion, as each cancer type was analysed in a 
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separate model in subsequent analyses. Individual lymphoma and leukaemia cancers 

were also not frequent enough in the sample to include separately and it was not deemed 

biologically plausible to analyse them all combined. Similarly cancers classified as 

‘other skin cancers’ comprised numerous cancer types, each likely to be present in low 

frequencies and with different underlying biological mechanisms. 

Table 5.10 shows the frequency distributions for diagnosis of these selected cancers. 

These distributions include individuals diagnosed with both single and multiple primary 

tumours of the same cancer type (i.e. not only the first cancer diagnosed as presented in 

Table 5.9). In total, there were 21,609 individuals with at least one of these cancers 

diagnosed, comprising 74.6% of all cancer cases.  

 

Table 5.10: Frequency distribution of selected cancers for analyses, diagnosed between 
1982 and 2007 in Western Australia (n=21,609)a 

Cancer type Cases 

n [%b]

Brain 770   [3.6]

Breast 5,124 [23.7]

Cervical 756   [3.5]

Colorectal 2,446 [11.3]

Kidney 669   [3.1]

Lip/gum/mouth 792   [3.7]

Lung 1,272   [5.9]

Melanoma 5,800 [26.8]

Pancreatic 319   [1.5]

Prostate 2,525 [11.7]

Testicular 688   [3.2]

Thyroid 930   [4.3]
a Total sample size based on n=21,609 cases with at least one of the selected cancers diagnosed 
b Percentages do not sum to 100%, as some individuals had multiple cancers diagnosed 
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The most common cancer was melanoma, with 5,800 individuals diagnosed with at 

least one primary melanoma tumour (26.8% of selected cancers). Of these, 256 

individuals were diagnosed with more than one primary melanoma. It was the cancer 

with the most multiple diagnoses in one individual, with up to and including six 

separate primary melanoma diagnoses recorded. Conversely, pancreatic cancer was only 

diagnosed once in any individual, which may reflect poor prognosis. Further details 

regarding the number of single and multiple diagnoses for the same cancer type are 

presented in Appendix EE.  

There were also 468 individuals who had multiple primary diagnoses of different cancer 

types. There were 454 individuals who had had two different cancers diagnosed and 14 

with three different cancers diagnosed.  

An overview of the age at first diagnosis with the selected cancers is presented in Table 

5.11. Testicular cancer had the youngest average age of diagnosis at 33.8 years 

(SD=9.2) and prostate cancer had the oldest average of 58.8 years (SD=7.0). 

Considering cancers diagnosed in both sexes, brain cancer had the youngest mean age 

of diagnosis (35.4 years, SD=18.7) and lung cancer the oldest (54.5 years, SD=10.3). 

First diagnoses of melanoma occurred across one of the widest age ranges 

(1.0 - 85 years) behind lung and kidney cancers, and had a mean age at first diagnosis of 

41.9 years (SD=11.8). 
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Table 5.11: Characteristics of the age at first diagnosis (years) for selected cancers 
diagnosed between 1982 and 2007 in Western Australia (n=21,609)a 

Cancer type Mean age at first diagnosis (SD) Age range at first diagnosis 

Brain 35.4 (18.7) 0 - 77.0

Breast 46.8   (8.2) 3.0 - 77.0

Cervical 37.7   (7.9) 16.0 - 63.0

Colorectal 51.5 (10.3) 13.0 - 83.0

Kidney 44.0 (17.1) 0 - 86.0

Lip/gum/mouth 43.6 (10.4) 13.0 - 76.0

Lung 54.5 (10.3) 1.0 - 92.0

Melanoma 41.9 (11.8) 1.0 - 85.0

Pancreatic 52.2 (10.0) 1.0 - 75.0

Prostate 58.8   (7.0) 30.0 - 84.0

Testicular 33.8   (9.2) 1.0 - 66.0

Thyroid 38.9 (11.5) 5.0 - 72.0
a Total sample size based on n=21,609 cases with at least one of the selected cancers diagnosed 

 

5.6.4.2. Family level characteristics 

The following tables present an overview of cancer diagnoses across family pedigrees. 

Table 5.12 shows the distribution of cancer diagnoses for each of the selected cancer 

types by the number of family members affected in each family. Melanoma occurred 

across the most number of families, with 5,650 families in total with at least one 

melanoma case diagnosed. There were 5,535 families (98% of all melanoma families) 

who only had one family member diagnosed with melanoma and one family in which 

27 individuals were diagnosed. The highest number of affected individuals in any one 

family was 42 cases with breast cancer. However, families with high numbers of 

affected family members were uncommon. The majority of families had no more than 

two individuals diagnosed with the same cancer.   
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Table 5.12: Distribution of cancer diagnoses by the number of family members to be 
affected in each family, for each of the selected cancers diagnosed between 1982 and 2007 
in Western Australia (n=306,332 families) 
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Table 5.13 presents the frequency distribution of affected individuals in the sample as 

first-degree relatives. Each diagnosed case in the sample is able to be classified as an 

affected first-degree relative of numerous other individuals, therefore the number of 

first-degree relatives diagnosed with each cancer is substantially larger than the actual 

number of individual cases affected. Considering cancers diagnosed in both sexes, 

melanoma was the most frequently diagnosed cancer in first-degree relatives, with a 

total of 11,921 individuals with at least one affected relative. Colorectal cancer was the 

second most frequently diagnosed, with 4,371 individuals found to have at least one 

affected relative. For the (mostly) gender-specific cancers of the breast, cervix, prostate 

and testis, subsequent analyses (presented in Section 5.7) used only individuals and 

their first-degree relatives who were of the same sex. Therefore, frequencies for these 

cancers are presented in Table 5.13 for the relevant sex only, with breast cancer cases 

presented only for females, despite the occurrence of male cases in the sample. 

Considering these gender-specific cancers, breast cancer was the most commonly 

diagnosed cancer in first-degree relatives, with at least one affected relative reported for 

4,576 individuals. 

No individual had more than two first-degree relatives diagnosed with any one cancer 

and no more than one relative diagnosed for cervical, kidney, pancreatic or prostate 

cancers. Melanoma was the cancer most frequently diagnosed in more than one 

first-degree relative, with 120 individuals found to have two affected first-degree 

relatives.  
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Table 5.13: Distribution of cancer diagnoses by the number of first-degree relatives to be 
diagnosed with selected cancers between 1982 and 2007 in Western Australia (n=28,966) 
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5.6.5. Summary 

In summary, a comprehensive cohort of 1,506,961 individuals sampled from the whole 

population of Western Australia was derived from the Western Australian Data Linkage 

system. Both genealogical links and cancer record data were available for each 

individual, with complete ascertainment for primary cancer diagnoses for that time 

period. The sample consisted of a large proportion of younger individuals, with an 

average age at the end of the study of 31 years. The most common cancer in the sample 

was melanoma and diagnoses for this cancer were spread across the most number of 

families compared with other cancers. This sample and the subset of cancers described 

in detail in Section 5.6.4 were used for the analyses in the following section. 

5.7. FAMILIAL AGGREGATION OF MELANOMA AND 

CO-AGGERGATION WITH OTHER CANCERS 

5.7.1. Aims and Hypotheses 

The overall aims were to investigate the familial nature of melanoma in the population, 

and the co-aggregation of melanoma with other cancers. The specific hypotheses were 

that: 

1. Individuals with a proportionally greater number of first-degree relatives 

affected with melanoma would be at an increased risk of developing melanoma; 

2. Individuals with a proportionally greater number of first-degree relatives 

affected with melanoma would be at an increased risk of developing non- 

melanoma cancers and; 

3. Individuals with a proportionally greater number of first-degree relatives 

affected with non-melanoma cancers would be at an increased risk of 

developing melanoma. 
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5.7.2. Methods 

Survival analyses were used to investigate (i) an individual’s risk of developing 

melanoma or non-melanoma cancers based on the number of first-degree relatives with 

melanoma (Hypotheses 1 and 2), and (ii) an individual’s risk of developing melanoma 

based on the number of first-degree relatives with other non-melanoma cancers 

(Hypothesis 3). Survival analyses took into account the temporal aspect of the data, 

utilising the available age data to more accurately determine the time at risk for each 

individual. Time at risk was defined as that between the age at entry into the study and 

the age at event. The following section describes the components of the models and 

details of the analyses undertaken. 

5.7.2.1. Dependent variable 

The dependent variable for the survival analyses was a binary variable reflecting the 

affected status for the cancer in question. These analyses took into account all possible 

cancer diagnoses for an individual. For models assessing the risk of developing 

melanoma or non-melanoma cancers based on the number of first-degree relatives with 

melanoma, the cancer in question was each of the selected cancers in turn (Hypotheses 

1 and 2). The selected cancers were those presented in Table 5.10, with a separate 

model analysed for each cancer. For analyses assessing the risk of developing 

melanoma based on first-degree relatives with non-melanoma cancers, the dependent 

variable was the affected status with melanoma (Hypothesis 3). 

5.7.2.2. Age at entry into the study 

Age at entry was calculated as either age in 1982 or zero if an individual was born after 

1982. Individuals were therefore not at risk until entry into the study. The year 1982 

was used as this was the first year cancer records were systematically collected and thus 

the commencement date for this study. 
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5.7.2.3. Age at event 

The end-point for analyses was the earliest of either diagnosis of the cancer of interest, 

death or the end of the study. As the last cancer diagnosis in the sample was in 2007, the 

end of the study was set to the beginning of 2008. Calculations for the age at these 

events are described in Sections 5.6.2.1, 5.6.2.2 and 5.6.2.3. Age was censored at 85 

years for all age at follow-up variables. In cases where an individual entered the study in 

the same year that the event occurred, a figure of 0.01 (equating to less than 1 week) 

was added to the age at event so that the two ages were not equal and thus excluded 

from the survival analysis model. 

5.7.2.4. Covariate 

The covariate for the model was the number of first-degree relatives diagnosed with the 

cancer of interest. This variable was derived for each individual, for each of the selected 

cancers (Table 5.10). For analyse investigating Hypotheses 1 and 2, the covariate was 

the number of first-degree relatives with melanoma. For Hypothesis 3, the covariate was 

the number of first-degree relatives with each of the selected cancer types.  

5.7.2.5. Analyses 

Survival analyses were conducted as Cox proportional hazards regression analyses377.  

Hazard ratios (HRs) were determined based on time to event from entry into the study 

and adjusting for the explanatory, or covariate, variable. 

Sensitivity analyses were also conducted, with individuals censored from the analyses if 

diagnosed with another cancer prior to the one in question. The aim of these analyses 

was to assess any potential bias introduced by including individuals who were at an 

increased risk of subsequent cancers based on their initial diagnosis, rather than their 

number of first-degree relatives with cancer. 
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It should be noted that the vast majority of people with affected first-degree relatives 

had exactly one affected relative. Therefore, whilst the HRs are technically interpreted 

as the relative risk per affected relative, they are analogous to a point estimate for a 

family history versus non family history. 

5.7.2.6. Exclusions 

There were 16 male individuals in the sample diagnosed with breast cancer. Whilst 

these cases were included in the descriptive analyses presented in the previous section, 

they were excluded from the survival analyses and related descriptive analyses 

presented in the following section. Survival analyses for the (mostly) gender-specific 

cancers of the breast, cervix, prostate and testes used a subset of individuals from the 

family that were of the same sex. The relatively negligible number of males with breast 

cancer did not warrant the inclusion of males in the breast cancer analyses so they were 

therefore excluded. The number of breast cancer cases in the following sections is 

therefore reduced to 5,108. 

5.7.3. Results 

5.7.3.1. Associations with first-degree relatives with melanoma 

This section presents results from analyses investigating Hypotheses 1 and 2. The 

estimated hazard ratios for developing melanoma (Hypothesis 1) and other cancer types 

(Hypothesis 2), based on an individual’s number of first-degree relatives affected with 

melanoma, are presented in Table 5.14. There was an approximately four-fold 

multiplicative increase in the risk of developing melanoma for each first-degree relative 

affected with melanoma (HR=3.92, 95% CI: 3.12 – 4.92, p<0.0001). An increase was 

observed in the risk of developing lung cancer with each first-degree relative affected 

with melanoma, although the association did not reach statistical significance 

(HR=2.14, 95% CI: 0.97 - 4.73, p=0.06). There were no other significant increases or 
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decreases observed in the risk of developing other non-melanoma cancers based on the 

number of first-degree relatives with melanoma in an individual’s family.  

Sensitivity analyses, where cases were censored if diagnosed with another cancer prior 

to the cancer in question, did not demonstrate substantially different results. They 

showed an average increase in risk of 2.2% across all cancer types, with variations in 

individual cancer risks ranging from 0 – 5.0%, although no results were statistically 

significant. 

 
Table 5.14: Hazard ratios for developing various cancer types based on the number of 
first-degree relatives with melanoma 

Cancer type in 
individuals 

Hazard ratio for developing cancer type (95% CI)a p-value

Brain 1.73 (0.83  -  3.60) 0.14

Breastb 1.27 (0.74  -  2.19) 0.38

Cervicalb 0.52 (0.07  -  3.62) 0.51

Colorectal 1.11 (0.50  -  2.46) 0.80

Kidney 1.81 (0.69  -  4.80) 0.23

Lip/gum/mouth 1.03 (0.26  -  4.07) 0.97

Lung 2.14 (0.97  -  4.73) 0.06

Melanoma 3.92 (3.12  -  4.92) <0.0001

Pancreatic 1.43 (0.20 - 10.05) 0.72

Prostatec 0.88 (0.37  -  2.11)  0.78

Testicularc 1.04 (0.34  -  3.17) 0.95

Thyroid 0.63 (0.16  -  2.49) 0.51
a Per affected first-degree relative with melanoma 
b Female individuals only 
c Male individuals only 

 

5.7.3.2. Associations with first-degree relatives with cancers of interest 

Hazard ratios estimates for Hypothesis 3 showed that there was no significantly 

increased risk of developing melanoma based on the number of first-degree relatives 

with other non-melanoma cancers in an individual’s family (Table 5.15). A trend 
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towards an increased risk of melanoma with each first-degree relative affected with lung 

cancer (HR=2.07; 95% confidence interval: 0.93, 4.60; P =0.07), however as with 

analyses for Hypothesis 2, this did not reach statistical significance. No individual 

diagnosed with melanoma had a first-degree relative with cervical cancer, so this model 

was not analysed. 

Sensitivity analyses did not suggest any significantly different results for this hypothesis 

either. For the majority of cancers, no difference in HR estimate was observed. An 

increase of 1.0% in risk was observed for kidney, lip/gum/mouth and thyroid cancers, 

and a decrease of 1.0% for breast cancer, but no HR estimates were statistically 

significant. 

 

Table 5.15: Hazard ratios for developing melanoma based on the number of first-degree 
relatives (FDRs) with various non-melanoma cancers 

Cancer type in FDRs Hazard ratio for developing melanoma (95% CI)a p-value 

Brain 1.71 (0.82 - 3.53) 0.15 

Breast b  1.76 (0.91 - 3.39) 0.09 

Cervical b N/A N/A 

Colorectal 0.98 (0.44 - 2.17) 0.96 

Kidney 1.65 (0.62 - 4.40) 0.32 

Lip/gum/mouth 1.11 (0.28 - 4.44) 0.88 

Lung 2.07 (0.93 - 4.60) 0.07 

Pancreatic 1.38 (0.19 - 9.80) 0.75 

Prostate c  1.05 (0.34 - 3.26) 0.94 

Testicular c 0.72 (0.10  - 5.02) 0.74 

Thyroid 0.62 (0.16 - 2.48) 0.50 
a Per affected first-degree relative with the non-melanoma cancer type 
b Female individuals only 
c Male individuals only 
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5.7.4. Assessment of Bias 

The analyses described in Section 5.7.2 to investigate Hypothesis 1 used diagnosis with 

melanoma as both the exposure and the outcome variable. This may have produced a 

biased assessment of significance in terms of the hazard ratio confidence intervals, 

although not he hazard ratio itself, as correlations between family members were not 

accounted for in the methodology378. Correlations may exist when multiple cases of the 

disease occur in one family and thus the first-degree relatives of cases are not 

necessarily independent of each other379. To assess any potential bias, clusters formed 

from first-degree relatives of melanoma cases and matched controls were sampled with 

replacement in bootstrap replication analyses; a method put forward by Pfeiffer et al.379 

to account for the lack of independence in such familial aggregation studies. These 

analyses produced a HR estimate for all clusters combined, accompanied by a bootstrap 

confidence interval. The construction of the clusters, bootstrapping analyses and the 

subsequent results are described in the following sections. 

5.7.4.1. Construction of matched clusters 

First, each melanoma case (n=5,800) was age- and sex-matched with two, randomly-

selected melanoma-free controls in the study population. The first-degree relatives of 

each trio were then combined to form a cluster. No overlap between melanoma-case 

probands occurred between clusters but in situations where an individual was a first-

degree relative for more than one case proband, they were included in multiple clusters. 

Sensitivity analyses were also conducted to assess whether the HR estimate for the 

sample was likely to be influenced by the young age of the sample, and thus a potential 

over-representation of early-onset cases of melanoma. To form the sample for these 

analyses, melanoma-case probands were divided into those diagnosed before or at the 

age of 40 years and those diagnosed after the age of 40 years. The matched clusters 
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were then re-constructed from the same group of randomly generated individuals for 

each of the age-restricted groups. 

5.7.4.2. Bootstrapping replication methods 

The familial aggregation of melanoma was then assessed by comparing the risk of 

melanoma in first-degree relatives of melanoma-case probands to that in first-degree 

relatives of control probands in the same cluster. Survival analyses were conducted on 

the first-degree relatives using random sampling with replacement from the clusters 

1,000 times. The dependent variable, age at entry and age at event variables were the 

same as those defined in Section 5.7.2. The covariate denoted whether the individual 

was a first-degree relative of the case proband or the control proband.  

An estimated hazard ratio (HR) for the risk of developing melanoma based on whether 

the individual was a first-degree relative of a melanoma case or a control was calculated 

from a random set of clusters sampled from the study population. The process was then 

replicated a further 999 times to produce 1,000 HR estimates in total and a bootstrap 

95% confidence interval was determined from the spread of these estimates. The lower 

and upper bounds of the 95% confidence interval were taken to be the 2.5th and 97.5th 

percentile (respectively) of the set of 1,000 HRs. The reported HR point estimate was 

based on just the original set of (un-bootstrapped) clusters. The sensitivity analyses for 

those diagnosed before and after 40 years were conducted in the same manner but using 

the clusters based on the two age-restricted melanoma-case proband groups. 

As in the previous analyses outlined in Section 5.7.2, a sensitivity analysis was also 

conducted to assess any potential bias introduced by including individuals who were at 

an increased risk of subsequent cancers based on their initial diagnosis. Individuals were 

censored from the analyses if diagnosed with another cancer prior to a melanoma 

diagnosis. 
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5.7.4.3. Results 

The final set of clusters generated to investigate Hypothesis 3 consisted of 36,769 first-

degree relatives of the melanoma cases and matched control probands. On average, each 

melanoma case had 2.2 first-degree relatives, 0.56% of whom were affected with 

melanoma. Control probands had an average of 2.1 first-degree relatives, 0.08% of 

whom had a melanoma diagnosis. The hazard ratio estimate for all sampled clusters 

indicated an approximately 3.6-fold increase in melanoma risk in first-degree relatives 

of melanoma cases compared to first-degree relatives of controls (HR=3.58, bootstrap 

95% CI: 2.43 – 5.43). Sensitivity analyses where cases were censored if diagnosed with 

another cancer prior to a diagnosis of melanoma produced the same HR estimate and 

bootstrap confidence interval. 

Sensitivity analyses for the early-onset melanoma-case probands (n=2,604) sampled 

from clusters comprised of 18,052 first-degree relatives of cases and controls and 

yielded a slightly higher estimate than the whole sample (HR=3.77, bootstrap 95% CI: 

2.49 – 6.39). Analyses using melanoma-case probands diagnosed after 40 years of age 

(n=3,196) sampled clusters consisting of 18,438 first-degree relatives. The risk of 

melanoma in first-degree relatives of later-onset melanoma cases was 2.5 times more 

than that of first-degree relatives of controls but lower than that of relatives of early-

onset cases (HR=2.45, bootstrap 95% CI: 1.23 – 4.82). 

5.8. DISCUSSION 

The current study investigated the familial aggregation of melanoma and its 

co-aggregation with other cancers. The risk of developing melanoma and other non-

melanoma cancers, based on the number of first-degree relatives with melanoma and 

other cancers, was investigated in a sample from Western Australia. The sample 
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consisted of 1,506,961 individuals who were ascertained via population-based linked 

health data from the Western Australian Data Linkage System.  

In line with Hypothesis 1, a four-fold increased risk of developing melanoma was 

initially observed for each first-degree relative affected with melanoma (HR=4.00, 

95% CI: 3.20 - 5.00, p<0.0001). When Cox proportional hazards regression models 

using bootstrapping were used to account for any potential correlations within families, 

the risk of developing melanoma was 3.6-times greater for first-degree relatives of 

melanoma cases compared to those of melanoma-free controls (HR=3.58, bootstrap 

95% CI: 2.43 – 5.43). The latter analyses are considered to be the most statistically 

correct and thus the point estimate of 3.58 is taken as the final result. 

The increased risk of melanoma for individuals with an affected first-degree relative is 

consistent with previous literature11, 69, 85. Family history of melanoma is a known risk 

factor for the disease and an increased risk of developing melanoma in individuals with 

relatives who also have the disease would be expected. However, the observed increase 

in risk is a larger effect size than that observed in previous studies. This may be due to 

the young age of the sample and thus the early age of onset in affected cases. Early age 

of onset is indicative of a hereditary basis to the disease, which means there may be an 

over-representation of familial melanoma cases in the sample and the hazard ratio 

estimate observed may actually be the risk for early-onset melanoma. The lower HR 

estimate observed in the analyses using later-onset melanoma cases compared to the 

estimate for early-onset cases further supports this explanation 

Contrary to Hypothesis 2, the risk of developing non-melanoma cancers was not 

significantly associated with an individual’s number of first-degree relatives with 

melanoma. An increased risk of lung cancer was observed in individuals for each 

first-degree relative with melanoma, but it was not statistically significant. This may 
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suggest a potential trend towards an increased risk of lung cancer in individuals with 

increased numbers of first-degree relatives with melanoma. Lastly, no evidence was 

found for Hypothesis 3, as no significant associations were observed between the risk of 

developing melanoma and the number of first-degree relatives with non-melanoma 

cancers. 

5.8.1.  Strengths 

The key strength of this study is the large, population-based sample of over 1.5 million 

individuals, which provides a comprehensive sample of the Western Australian general 

population. It is also the first study of its kind to investigate the familial aggregation of 

melanoma and its co-aggregation with other cancers in a large sample of Australian 

families. Further, the use of survival analyses took into account the temporal nature of 

the data. Incorporating age at event data enabled a more accurate assessment of the time 

at which each individual was at risk. 

5.8.2. Limitations 

Despite previous evidence of co-aggregation of melanoma with other malignancies in 

families, the current study did not find any evidence of such co-aggregation. The bias 

towards younger individuals in the sample is likely to have contributed to these results, 

as many of the other cancers investigated are likely to be more prevalent in older age 

groups. The availability of genealogical links from only Phase I of the Family 

Connections system at the time of data extraction was a limitation of the study. As this 

phase only encompassed birth records from 1974 onwards, the study population was 

relatively young. This likely limited the number of cancer diagnoses in the study 

timeframe and also the number of related individuals contained within the genealogical 

matrix at the time of data extraction. 
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The frequency distribution of the types of cancers diagnosed may also have been 

skewed. For example, cancers such as prostate cancer are more common in older 

individuals and may have been under-represented in the sample380. Furthermore, as only 

cancers diagnosed in Western Australia and after 1982 were available, the number of 

diagnoses may have been under reported. These factors may have contributed to the 

lack of significant findings related to the co-aggregation of different cancers types in the 

population. The Family Connections data are continually being extended and earlier 

birth information back to 1945 is currently being linked into the system. This will 

substantially enhance the ability to identify common ancestors and family members in 

future research, and to incorporate individuals who develop later-onset diseases. 

Whilst all efforts are made to minimise errors, an inherent limitation of using linked 

data is the error associated with the process of probabilistic matching, although the error 

rate is generally considered to be low and outweighed by the benefits374, 375. Within the 

Western Australian Data Linkage System, the proportion of false positives and 

negatives due to matching errors were estimated at 0.11% in 1996374. Issues can also 

arise when accessing the same variable across numerous data collections that have been 

collected in different ways, such as variation in demographic data across datasets381. 

Differences in the year of birth determined from demographic data and Western 

Australia Cancer Registry data were apparent in 1% of all individuals diagnosed with 

cancer in the sample. Inconsistencies were therefore integrated within the data, with age 

calculated across different sources in order to estimate the most reliable source.  

5.8.3. Future Research 

Results from this study suggest a strong familial basis for melanoma and the lack of 

co-aggregation patterns between melanoma and other cancers may indicate that the 

determinants of the observed aggregation within families is independent of other 

malignancies. However, the limited representation of older individuals, and the 
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subsequent likely under-representation of cancers of aging, may have contributed to the 

null findings for co-aggregation. Therefore, further investigations into the familial 

co-aggregation of melanoma with other cancers on a population-wide basis are 

warranted, particularly in samples with a greater representation of older family members 

to maximise the ability to detect all relevant cancers.  

Additional analyses that take into account an individual’s family size could also be 

performed. It was beyond the scope of this project but investigations into the 

co-aggregation of melanoma with other cancers using the proportion of affected first-

degree relatives, rather than the absolute number of affected relatives, would also be 

warranted. Given the variation observed in family size within the study sample, 

adjusting for family size by using the proportion of affected relatives as the covariate 

may provide a more accurate representation of risk. 

Determining familial aggregation patterns may provide valuable knowledge regarding 

both improved clinical risk prediction and the underlying biological mechanisms of 

melanoma and other cancers. Identification of non-melanoma cancers associated with 

melanoma susceptibility may provide new directions for research into predisposition 

genes for both melanoma and associated cancers. Furthermore, understanding the 

influence of familial factors on cancer risk may lead to the development of improved 

risk prediction models for implementation in general practice and genetic counselling. 

5.8.4. Summary 

This chapter presents an investigation into the aggregation of melanoma and its 

co-aggregation with other cancers in a sample of Western Australian families. The study 

was conducted on a large, population-based scale in an Australian population, enabled 

by the unique availability of linked genealogical and state-wide cancer incidence data in 

Western Australia. Few other places in the world are able to conduct such investigations 
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and of the available American, Swedish and Icelandic cohorts, only the Utah cohort in 

the United States of America cohort has investigated associations with melanoma in 

depth.  

The observed aggregation of melanoma within families and increased risk amongst 

family members of affected individuals reinforces the integrity of these data for 

early-onset cancers, as this is consistent with findings in other populations. There were 

limitations to these data, however, as they were heavily skewed towards the younger 

population due to the availability of genealogical links at the time of extraction. This 

likely limited the capacity to detect associations with later-onset cancers that were 

under-represented in the sample. However, this study does pave the way for future 

research in an expanded cohort, by applying the methodology described in this chapter 

to further investigate the potential for familial co-aggregation of various cancer types. 
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CHAPTER 6                                                             

SUMMARY AND GENERAL DISCUSSION  

This thesis investigated three key aspects of melanoma aetiology: melanoma as a 

complex disease, the aetiology of treatment outcomes post-melanoma excision and the 

familial aggregation of melanoma. These topics were investigated as three novel 

studies, each described in separate chapters. This final chapter summarises the outcomes 

from this thesis and discusses implications for public health, and suggested future 

research directions. 

6.1.  SUMMARY  

The non-familial aspect of melanoma was considered in terms of establishing the 

WAMHS, a population-based case collection of melanoma patients recruited via the 

state-wide cancer registry. The phenotypic, exposure, histopathological and 

biospecimen data collected during the study enables melanoma to be investigated as a 

complex disease at the population level. It is one of the largest, single melanoma case 

collections in the world and provides a well-characterised cohort in which complex 

melanoma gene and gene-environment interactions can be studied. Given the high 

incidence rate of melanoma in the Western Australian population, it is important that 

research into the underlying mechanisms of melanoma is conducted in a representative 

collection of cases from this population. The descriptive analyses presented suggested 

that results from the WAMHS are generalisable to the wider Western Australian 

population affected with melanoma, with the exception of a slight bias towards older 

participants. Inherent limitations of self-reported questionnaire-based studies are the 
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potential for reporting and recall bias, which may explain some differences observed 

between males and females with regards to reported pigmentation characteristics. 

Scarring is an issue that affects all melanoma patients and the clinical, host and genetic 

factors affecting scar outcome post-melanoma excision were investigated in a subset of 

WAMHS participants. A significant association was found between a SNP in TGF-β1 

and a poorer scar outcome. Furthermore, the associations reported between scar 

outcome and age, time elapsed since melanoma excision and various medical conditions 

served to reinforce current knowledge about clinical factors that are related to scarring. 

This was a novel study in one of the largest known and well characterised clinical 

samples of patients with non-keloid, surgical scars. Although limited by a small sample 

size, the findings highlight the potential for a genetic basis underpinning variation in 

scar outcome post-melanoma excision, and thus the need for further investigation into 

this aspect of scarring. Investigation into other polymorphisms in the significantly 

associated TGF-β1 represents a direction for future research, as do variants in the genes 

that showed an association with scar outcome prior to multiple testing (TIMP-3, TYRP1, 

TPCN2 and CTGF). Given the function of these genes, it is biologically plausible that 

they could play a role in determining scar outcome in surgical, non-keloid scars.  

Familial melanoma was considered using population-based linked health data to 

investigate the familial clustering of early-onset melanoma in the Western Australian 

population, and the co-aggregation of melanoma with other early-onset cancers. This 

study was novel in an Australian sample and one of few to be conducted at the 

population level worldwide. Few other places in the world have the capacity to link 

cancer incidence data and genealogical data at the population level and this study 

contributes an Australian perspective to the literature. Evidence was found for the 

familial aggregation of melanoma, such that the risk of developing melanoma was 3.6-

times greater for first-degree relatives of melanoma cases compared to those of 
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melanoma-free controls. Contrary to other studies, no significant association was found 

between the risk of developing melanoma and the number of first-degree relatives with 

other cancers. This may be due to the young age of the sample and the subsequent focus 

on early-onset cancers, which may have precluded the detection of any associations. 

This was the key limitation of the study and was due to the fact that genealogical links 

were only available for individuals born in 1974 onwards at the time of data extraction. 

As the Family Connections system expands and incorporates earlier birth registrations 

and their relatives, the potential to identify potential associations between melanoma 

and later-onset cancers will improve. 

6.2. IMPLICATIONS AND FUTURE DIRECTIONS  

Our understanding of the genetic epidemiology of melanoma has grown substantially 

over the last 20 years. However, many elements of the aetiology of this complex disease 

remain to be determined and many challenges lie ahead. Similarly, whilst the 

mechanisms underlying the wound healing process are relatively well characterised, 

much work is still required to disentangle the complex network of signals involved and 

their specific impact on scar formation. One of the primary challenges for both 

melanoma and scarring will be the translation of research findings into a clinical setting. 

Risk-targeted interventions and new diagnostic tools that will lead to improvements in 

screening, prevention, diagnosis and treatment of melanoma in the population present a 

key goal for researchers. A better understanding of the genetic variants and biological 

pathways underlying melanoma and scarring will be necessary before steps can be made 

towards personalising medicine for individuals and improving the detection and 

treatment of such a complex disease. This will hopefully be achieved as technology 

advances further and a greater number of more detailed studies can be undertaken. 
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The findings generated in this thesis suggest that further research is warranted into both 

the co-aggregation of melanoma with other cancers and genetic factors affecting scar 

outcome. Whilst the current findings do not have the capacity for immediate 

implications on clinical practice or public health policy, they demonstrate the potential 

for clinical translation in the future. Furthermore, future knowledge regarding 

melanoma aetiology will be gained from utilisation of the WAMHS. 

6.2.1. Risk Prediction Models 

A family history of melanoma is widely used in clinical settings as a key predictor for 

identifying individuals who are at an increased risk of melanoma themselves. A more 

detailed understanding of familial melanoma aggregation patterns is likely to lead to 

improvements in clinical risk prediction. In particular, a specific familial risk 

assessment tool to predict an individual’s risk would be of great benefit to clinicians. 

Such risk models exist for other cancers, such as the Breast and Ovarian Analysis of 

Disease Incidence and Carrier Estimation Algorithm (BOADICEA) tool, which is 

routinely used for predicting familial breast cancer risk372, 373. Whilst several risk 

prediction algorithms have been proposed in the literature for melanoma, they are yet to 

be widely accepted for clinical use382-384. More commonly, basic phenotypic and family 

history risk factors for melanoma are assessed independently in a global risk 

assessment49. 

The availability of the population-level cancer and genealogical data used for familial 

and co-aggregation analyses in this thesis lends itself to the development of an 

individual risk prediction model. A large scale project to collect DNA samples from the 

Western Australian population, or a subset of the population, would enable the 

identification of melanoma susceptibility gene carriers and incorporation of carrier 

status into subsequent risk modelling. Whilst yet to come to fruition, projects to collect 



CHAPTER 6: SUMMARY AND GENERAL DISCUSSION 

269 
 

biospecimen data have been proposed for the Western Australian population and 

represent a new direction for developing accurate and comprehensive risk prediction 

models277. 

The identification of other cancers that co-aggregate with melanoma within families 

would also improve clinical risk prediction. Investigation into co-aggregation patterns 

could lead to the identification of familial cancer syndromes and predisposition genes 

for these syndromes. Subsequently, risk prediction models could be generated that 

incorporate carrier status for these genes, leading to preventative screening programs for 

those at risk. The ongoing generation of genealogical links in the Western Australian 

population will eventually provide a more representative population-based sample with 

a greater proportion of older family members included in the pedigrees. This will enable 

a more comprehensive investigation into the co-aggregation of melanoma with other 

cancers and contribute to the current body of knowledge regarding associations. The 

collection of DNA samples from this population would further aid the development of 

risk prediction algorithms that incorporate carrier risk of susceptibility genes. 

The ability to accurately predict melanoma risk related to familial melanoma or familial 

cancer syndromes could be translated into public and primary health care practice by 

enabling clinicians and patients to make informed decisions about health and lifestyle. 

Regular skin checks could be put into place and measures to provide adequate 

protection from the sun could be taken. In addition, it would reduce the cost and 

morbidity associated with unnecessary screening of low-risk individuals and improve 

the survival of individuals at high risk. 

6.2.2. Validation of Self-Reported Family History Data 

The extension of the Family Connections system will also provide opportunities for 

research into other aspects of familial cancer and risk prediction. Family history of 
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cancer has long been recognised as an important factor in the prediction of individual 

cancer risk in the clinical setting. It is increasingly common practice in cancer genetics 

to ask families to complete an extensive, structured family history questionnaire that 

may subsequently aid clinical consultation. However, few studies have investigated the 

accuracy of self-reported family history for melanoma, despite the impact it may have 

on clinical care. The availability of extensive and verified family history records from 

the Family Connections system may provide an opportunity to validate self-reported 

family history data.  

At the outset of this study, the candidate aimed to validate self-reported history from 

WAMHS participants against data from the Family Connections system. As discussed 

in Chapter 3, self-reported questionnaire data regarding family members and their 

cancer diagnoses were collected from 1,322 participants. These participants were 

identifiable in the linked health data used in Chapter 5 due to the common cancer 

registry identifier that was also available in the WAMHS. However, due to the limited 

sampling frame for the linked data cohort, of the 289 WAMHS participants common to 

both datasets, there were only four individuals who had a first-degree relative with a 

cancer diagnosis, precluding any analysis and validation. The extraction of a larger and 

more representative sample of the population when it is available from the Family 

Connections system will enable a meaningful validation study to be conducted and 

presents an opportunity for future projects. 

6.2.3. Therapeutic Scar Interventions 

There is currently little research presented in the literature regarding a genetic basis for 

variation in surgical scar outcomes. The majority of research to date has investigated 

genetic factors associated with specific abnormal scar outcomes, namely keloid scars. 

The results presented in this thesis pave the way for further investigation into the 

underlying genetic factors for non-keloid scar outcomes, which can vary greatly 
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aesthetically and have a considerable effect on a patient’s quality of life. The association 

observed between TGF-β1 and scar outcome following melanoma excision implicates a 

known wound healing gene in the scar outcome process. This represents a direction for 

future research into other wound healing genes that may play a direct role in 

determining scar outcome. 

The identification of genetic variants that are associated with scar outcome may lead to 

therapeutic interventions in the form of gene therapy. Most work in this field to date has 

focused on keloid or hypertrophic scars, with attempts to minimize excessive scar tissue 

formation by genetically modifying the wound healing process so that it more closely 

represents the scarless foetal wound healing process273. TGF-β1 has been the primary 

focus of these studies, which provide a basis for exploring gene therapy focused on 

wound healing genes for non-keloid scars as well. Supporting this direction of research 

is work recently conducted by Ferguson et al.385, using the prophylactic administration 

of an active TGF-β3 based treatment to influence the wound healing process and 

minimise poor surgical scar outcomes. Emerging evidence from these studies show that 

gene therapy may be able to induce signalling cascades and pathways during wound 

healing that will lead to accelerated healing and subsequent improvement in scar 

outcome385. 

Continuation of this work and the incorporation of other genes identified as playing a 

role in scar outcome, may lead to standard, clinical interventions for people at a high 

risk of poor scarring. Whilst particularly relevant to melanoma patients, who will all 

have a scar following removal of the tumour, advances in improving surgical scar 

outcomes will benefit any individual undergoing surgery. The implications may 

therefore be far-reaching and applicable to a wide range of patients, warranting further 

investigation. 
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6.2.4. Genetic Epidemiological Melanoma Research 

There is a growing body of evidence regarding melanoma aetiology and it is widely 

considered that melanoma is the result of complex interactions between genetic, host 

and environmental factors. Key environmental and host risk factors have been identified 

and some progress has been made towards identifying the genetic determinants of the 

disease. However, we are still a long way from completely understanding the complex 

biological mechanism that under-pin melanoma development and progression. In 

particular, factors underlying a large proportion of non-familial melanoma cases remain 

to be identified. Common genetic factors associated with susceptibility are likely to 

account for many of these cases, with multiple genes that each confer a small to modest 

effect the most plausible candidates. Furthermore, many genetic studies to date have 

implicated only genetic loci in melanoma susceptibility, and causal genes and variants 

remain to be identified. Studies designed to investigate common genetic factors in large, 

representative and population-based samples are required to further elucidate 

non-familial melanoma predisposition genes. 

The WAMHS has addressed the need for a resource of this magnitude that also 

represents the Western Australian population, which has one of the highest incidence 

rates of melanoma in the world. The establishment of this resource will enable further 

investigations into the genetic variants contributing to melanoma susceptibility and 

prognosis. The availability of DNA and RNA in one of the largest, single collections of 

melanoma patients in the world lends itself to various study designs. In particular, as the 

cost of next generation sequencing approaches continue to decrease, exome sequencing 

or whole genome sequencing in all WAMHS participants will become a feasible 

method for investigation. Using a large cohort of population controls that are available 

in Western Australia (from the Busselton Health Study)386, a case-control study to 

investigate melanoma susceptibility is one possibility for a future project. The use of 
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detailed genetic data in large population-level cohorts of cases and controls would likely 

provide advances in the detection of genetic variants associated with melanoma 

predisposition. In the longer term, this could lead to earlier detection and prevention of 

melanoma in individuals at risk. 

Expression profiling studies using RNA samples collected as part of the WAMHS 

represents an area of research that could lead to better prognostic indicators to 

determine treatment approaches. Using transcriptional profiling, signatures in the blood 

of short-term versus long-term melanoma survivors could be compared to identify 

markers that predict length of survival following initial presentation with melanoma.  

The identification of whole blood transcriptional signatures that predict survival 

outcome will contribute to our understanding of molecular, biochemical and 

immunological events that affect melanoma prognosis, providing valuable biomarkers 

that can be translated into clinical care. Identification of patients with anticipated shorter 

survival times will enable doctors to determine which patients require aggressive, often 

experimental, treatment early after diagnosis. Longer term, these biomarkers may 

provide information about targets for potential therapies. Using expression profile data 

that is also available from the Busselton Health Study population controls, transcript 

signatures associated with melanoma susceptibility could also be determined. Screening 

tests for these blood signatures could be undertaken for individuals with high risk 

phenotypes; including fair skin with a propensity to burn and inability to tan, fair hair 

and pale eyes or high numbers of naevi. For those individuals found to have the 

predictive transcript signatures, practical clinical measures, such as rigorous skin 

examinations at regular intervals, could then be implemented to enable early detection 

of the disease. 

Independent replication of results from previous candidate gene and GWAS studies into 

melanoma susceptibility and prognosis are also required, However, replication also 
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presents a challenge for melanoma research, particularly results stemming from GWAS 

approaches. The challenge lies in not only replicating findings but defining what a 

meaningful replication is. With a multitude of factors involved in GWAS, including 

quantity and type of phenotypic traits and environmental factors, study size, associated 

power and analytic methods used, defining the boundaries of replication can be 

complicated. Solutions to this issue have been put forward and include sound study 

design, investigation of comparable phenotypes, extension of replication studies to 

populations of varied ancestry and robust analytic methods152. The population-level 

cohort collected for the WAMHS provides a mechanism for replicating previous 

findings, with a comprehensive initial study design and a range of phenotypes available 

for analyses. 

6.3. CONCLUSION 

Melanoma is a complex human disease that is associated with significant long-term 

morbidity and mortality, and is a major public health problem in Western Australia. 

Similarly, scarring is an issue that affects all melanoma patients. A high level of 

variation is observed in the aesthetic appearance of scars following surgical excision of 

melanomas, and poor outcomes have the potential to impact a patient’s quality of life.  

The WAMHS was established as part of this thesis, and consists of a cohort of 1,643 

melanoma cases from the Western Australian population, with detailed data collected 

for each. The participants are generally representative of the Western Australian 

population, with the exception of age, and thus provide a valuable cohort in which to 

further investigate the genetic epidemiology of melanoma.  

The study into the clinical and genetic factors affecting scar outcome post-melanoma 

excision found evidence for an association between poor scar outcomes and a genetic 

variant in a gene linked to wound healing, as well as various clinical and host factors. 
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These findings suggest the potential for a genetic basis underlying non-keloid scar 

outcome and confirm current knowledge regarding clinical and host factor influences on 

scar outcome. 

Investigations in this thesis found evidence for the familial aggregation of melanoma 

within the Western Australian population, implying a strong familial basis for the 

disease. This finding is consistent with previous studies and suggests that the melanoma 

cases within the Western Australian population are similar to those in other studied 

populations, and therefore represent a suitable population in which to study the 

aetiology of melanoma. No evidence was found for the co-aggregation of melanoma 

with other cancers, although this may be due to the young age of the available sample 

for analyses. 

An enhanced understanding of the genetic effects implicated in the melanoma 

development and scar outcome processes could potentially lead to the development of 

better and more specific interventions to reduce the impact of melanoma and poor 

scarring on the community. Understanding how aetiological factors act at a population 

level will be a critical step for the clinical utilisation of new genomic knowledge and 

tools to improve clinical practice and public health.  Current applications of genetic 

epidemiology have started to lay the building blocks for understanding the complex 

pathways that result in melanoma and surgical scar outcomes but there is still a long 

way to go before we will understand the complete picture. This thesis has presented 

novel investigations that have contributed to the current body of knowledge regarding 

melanoma and scar outcome, as well as outlining directions for future research and 

providing a mechanism through which to undertake many of these, with the 

establishment of a comprehensive, population-based resource for future research.
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Appendix B. ICD-10 Codes  

Equivalent ICD-10 morphology codes used to define invasive, malignant cutaneous 
melanoma 

Equivalent ICD-10 Code Equivalent ICD-10 Code - Description 

C43.0 Malignant melanoma of lip 

C43.1 Malignant melanoma of eyelid, including canthus 

C43.2 Malignant melanoma of ear and external auricular canal 

C43.3 Malignant melanoma of other and unspecified parts of face 

C43.4 Malignant melanoma of scalp and neck 

C43.5 Malignant melanoma of trunk 

C43.6 Malignant melanoma of upper limb, including shoulder 

C43.7 Malignant melanoma of lower limb, including hip 

C43.8 Overlapping malignant melanoma of skin 

C43.9 Malignant melanoma of skin, unspecified 
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Appendix C. WACR Letter to Doctor 

 
 

 

 



APPENDICIES 

342 
 

Appendix D. WAMHS Information Leaflet for Doctors 

 

 

 



APPENDICIES 

343 



APPENDICIES 

344 
 

Appendix E. WACR Reminder Letter to Doctor 
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Appendix F. WACR Letter to Patient 
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Appendix G. WAMHS Consent Form 
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Appendix H. WAMHS Information Brochure for Patients 
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Appendix I. WAMHS Frequently Asked Questions Brochure 

 

 

Appendix J. DNA (Genetic) Testing and Storing Leaflet 
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Appendix K. WACR Reminder Letter to Patient 
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Appendix L. WAMHS Pilot Study Questionnaire 
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Appendix M. WAMHS Mole Counting Chart 
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Appendix N. WAMHS Practitioner Feedback Survey 
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Appendix O. WAMHS Patient Feedback Survey 
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Appendix P. WAMHS Phase II Telephone Interview Questionnaire (Part 1 and 

Part 2) 
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Appendix Q. AMHS Phase II Telephone Interview Questions Brochure 
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Appendix S. WAMHS Scar Examination Contact Information Sheet 
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Appendix T. WAMHS Scarring Sub-Study WACR Data Collection Tool 
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Appendix U. WAMHS Scarring Sub-Study Mini Questionnaire 
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Appendix V. WAMHS Scarring Sub-Study Scar Examination Tool 

 

 

 



APPENDICIES 

476 
 

 

 

 

 



APPENDICIES 
 

477 
 

 

 

 

 



APPENDICIES 

478 
 

 

 

 

 



APPENDICIES 
 

479 
 

 

 

 

 



APPENDICIES 

480 
 

 

 

 

 



APPENDICIES 
 

481 
 

 

 

 

 



APPENDICIES 

482 
 

 

 

 

 



APPENDICIES 
 

483 
 

 

 

 

 



APPENDICIES 

484 
 

 

 

 

 



APPENDICIES 
 

485 
 

 

 

 

 



APPENDICIES 

486 
 

Appendix W. Australian Society of Plastic Surgeons’ Treatment of Scars Brochure 
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Appendix X. Royal Perth Hospital Burns Unit Scar Assessment 
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Appendix Y. Detailed description of the Illumina genotyping process 

 

The Illumina system requires three oligonucleotides to first be synthesized for each 

SNP. Two were allele specific oligonucleotide (ASOs) sequences to distinguish the 

SNP and one was a locus specific oligonucleotides (LSO), hybridising to a site 

downstream from the SNP locus. All three oligonucleotide sequences also contained 

target sequences for universal primers used in a later stage of the process. Following 

hybridisation of the ASOs and LSOs to the DNA, wash steps were performed to remove 

any excess or mis-hybridised oligonucleotides. 

Allele specific primer extension of the ASOs was then followed by ligation of these 

extended oligonucleotides to their corresponding LSOs, creating PCR templates. A set 

of three universal primers (P1, P2 and P3) was added to each well, with P1 and P2 

fluorescently labelled with different dyes. If the SNP in question was present in the 

DNA, Primer 1 and 2 would anneal to the DNA at the universal primer sites and primer 

3 (upstream) would be washed away. PCR was then carried out, generating multiple 

fluorescently labelled amplicons of DNA.  

The amplified PCR products were then combined with Illumina beads. An address 

sequence within the PCR amplicon hybridised to the corresponding sequence on the 

bead for each SNP, producing a fluorescent signal. Each signal is associated with a 

specific address sequence, or allele, allowing the genotype for each individual to be 

determined.  
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Graphical representation of Illumina GoldenGate assay process 
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Appendix Z. Examples of scars classified at either end of the scar outcome 

spectrum for 202 WAMHS scarring sub-study participants 

 

Scar Outcome Classification Examples 

 

Good 

 

 

Poor 
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Appendix AA. Univariate results for all SNPs and the modified scar outcome 

measure for 202 WAMHS scarring sub-study participants 

 

SNP Gene 
SNP 

coefficienta
Standard 

error
SNP  

p-valueb 
SNP  

q-valuec

RS1540771 6P25.3 -0.33 0.19 0.084 0.501

RS6918698 CTGF -0.15 0.19 0.442 0.671

RS9399005 CTGF -0.08 0.22 0.718 0.671

RS9493150 CTGF -0.37 0.21 0.077 0.501

RS11568993 EGF -0.39 0.38 0.300 0.640

RS11569121 EGF 0.39 0.38 0.307 0.640

RS4698803 EGF -0.09 0.23 0.716 0.671

RS6533485 EGF -0.06 0.19 0.743 0.671

RS7655579 EGF -0.19 0.20 0.333 0.640

RS882471 EGF 0.06 0.20 0.774 0.671

RS929446 EGF -0.07 0.19 0.715 0.671

RS3135831 FGFR2 0.13 0.19 0.477 0.671

RS12913832 HERC2 -0.05 0.23 0.836 0.673

RS1052248 HLA DRB1*15 -0.02 0.23 0.919 0.717

RS1799964 HLA DRB1*15 -0.15 0.23 0.524 0.671

RS2071591 HLA DRB1*15 -0.19 0.20 0.357 0.660

RS2071592 HLA DRB1*15 -0.18 0.22 0.418 0.671

RS2071594 HLA DRB1*15 -0.21 0.20 0.307 0.640

RS2229094 HLA DRB1*15 -0.01 0.21 0.972 0.725

RS2239528 HLA DRB1*15 0.39 0.23 0.090 0.501

RS2251824 HLA DRB1*15 -0.06 0.27 0.834 0.673

RS2523506 HLA DRB1*15 -0.08 0.27 0.777 0.671

RS3130059 HLA DRB1*15 -0.20 0.20 0.326 0.640

RS3130062 HLA DRB1*15 0.38 0.30 0.204 0.640

RS12203592 IRF4 0.38 0.21 0.075 0.501

RS1716 ITGAE 0.08 0.20 0.667 0.671

RS2976230 ITGAE -0.29 0.25 0.257 0.640

RS12821256 KITLG 0.60 0.31 0.058 0.501

RS642742 KITLG -0.01 0.25 0.983 0.725
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Univariate results for all SNPs and the modified scar outcome (continued) 

SNP Gene 
SNP 

coefficienta
Standard 

error
SNP  

p-valueb
SNP  

q-valuec 

RS1805005 MC1R 0.20 0.29 0.479 0.671 

RS1805007 MC1R 0.32 0.28 0.244 0.640 

RS258322 MC1R 0.33 0.27 0.223 0.640 

RS3212363 MC1R -0.19 0.23 0.421 0.671 

RS3212369 MC1R 0.06 0.27 0.829 0.673 

RS4785763 MC1R -0.09 0.19 0.642 0.671 

RS243865 MMP-2 -0.17 0.23 0.469 0.671 

RS3918241 MMP-9 0.07 0.25 0.785 0.671 

RS1800401 OCA2 -0.07 0.58 0.904 0.716 

RS1800407 OCA2 -0.52 0.35 0.141 0.639 

RS7495174 OCA2 0.25 0.49 0.610 0.671 

RS12896399 SLC24A4  0.11 0.20 0.569 0.671 

RS11466321 TGFB1 -0.16 0.42 0.704 0.671 

RS11466338 TGFB1 0.03 0.35 0.942 0.723 

RS4803455 TGFB1 -0.17 0.19 0.382 0.671 

RS8110090 TGFB1 1.39 0.46 0.003 0.067 

RS8179181 TGFB1 0.00 0.23 0.987 0.725 

RS10482792 TGFB2 0.13 0.23 0.566 0.671 

RS1891467 TGFB2 -0.16 0.24 0.494 0.671 

RS2027566 TGFB2 0.13 0.21 0.537 0.671 

RS2027567 TGFB2 0.23 0.24 0.331 0.640 

RS2796814 TGFB2 -0.30 0.24 0.201 0.640 

RS2796822 TGFB2 -0.32 0.20 0.115 0.573 

RS2798631 TGFB2 0.09 0.20 0.632 0.671 

RS2799083 TGFB2 -0.17 0.22 0.429 0.671 

RS2268625 TGFB3 -0.26 0.25 0.306 0.640 

RS3917148 TGFB3 -0.22 0.38 0.565 0.671 

RS3917194 TGFB3 0.12 0.36 0.732 0.671 

RS4252328 TGFB3 -0.23 0.22 0.303 0.640 

RS2277698 TIMP-1 0.07 0.27 0.793 0.671 

RS2234921 TIMP-2 0.09 0.22 0.674 0.671 

RS5749511 TIMP-3 -1.35 0.43 0.002 0.067 
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Univariate results for all SNPs and the modified scar outcome (continued) 

SNP Gene 
SNP 

coefficienta
Standard 

error
SNP  

p-valueb 
SNP  

q-valuec

RS1800629 TNFa308 -0.16 0.31 0.599 0.671

RS35264875 TPCN2 -0.26 0.26 0.309 0.640

RS3829241 TPCN2 -0.28 0.20 0.169 0.640

RS1042602 TYR -0.08 0.20 0.708 0.671

RS1393350 TYR -0.12 0.20 0.567 0.671

RS1408799 TYRP1 -0.41 0.22 0.064 0.501

RS2733832 TYRP1 -0.51 0.22 0.022 0.360

aReference category = major homozygote 
bLinear regression p-value 
cFalse discovery rate adjustment q-value 
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Appendix BB. Multivariate results for all SNPs and the modified scar 

outcome measure for 202 WAMHS scarring sub-study participants 

 

SNP Gene 
SNP 

coefficienta
Standard 

Error
SNP  

p-valueb
SNP  

q-valuec 

RS1540771 6P25.3 -0.35 0.19 0.0579 0.7317 

RS6918698 CTGF -0.13 0.19 0.4851 0.9147 

RS9399005 CTGF -0.08 0.21 0.7015 0.9682 

RS9493150 CTGF -0.41 0.20 0.0409 0.6950 

RS11568993 EGF -0.43 0.37 0.2498 0.9147 

RS11569121 EGF 0.35 0.36 0.3317 0.9147 

RS4698803 EGF -0.06 0.23 0.8001 0.9715 

RS6533485 EGF -0.07 0.18 0.6926 0.9682 

RS7655579 EGF -0.13 0.19 0.4800 0.9147 

RS882471 EGF 0.10 0.19 0.6053 0.9147 

RS929446 EGF 0.01 0.18 0.9686 0.9876 

RS3135831 FGFR2 0.05 0.18 0.7831 0.9682 

RS12913832 HERC2 -0.06 0.22 0.7732 0.9682 

RS1052248 HLA DRB1*15 0.03 0.22 0.9040 0.9876 

RS1799964 HLA DRB1*15 -0.12 0.22 0.5977 0.9147 

RS2071591 HLA DRB1*15 -0.13 0.20 0.5172 0.9147 

RS2071592 HLA DRB1*15 -0.13 0.21 0.5437 0.9147 

RS2071594 HLA DRB1*15 -0.15 0.20 0.4538 0.9147 

RS2229094 HLA DRB1*15 0.00 0.20 0.9844 0.9876 

RS2239528 HLA DRB1*15 0.24 0.22 0.2780 0.9147 

RS2251824 HLA DRB1*15 0.00 0.26 0.9860 0.9876 

RS2523506 HLA DRB1*15 -0.02 0.25 0.9482 0.9876 

RS3130059 HLA DRB1*15 -0.14 0.20 0.4788 0.9147 

RS3130062 HLA DRB1*15 0.30 0.30 0.3069 0.9147 

RS12203592 IRF4 0.28 0.21 0.1834 0.9147 

RS1716 ITGAE 0.06 0.19 0.7566 0.9682 

RS2976230 ITGAE -0.20 0.25 0.4277 0.9147 

RS12821256 KITLG 0.51 0.31 0.0977 0.8309 

RS642742 KITLG 0.18 0.24 0.4544 0.9147 
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Multivariate results for all SNPs and the modified scar outcome measure (continued) 

SNP Gene 
SNP 

coefficienta
Standard 

Error
SNP  

p-valueb 
SNP  

q-valuec

RS1805005 MC1R 0.15 0.27 0.5756 0.9147

RS1805007 MC1R 0.31 0.27 0.2531 0.9147

RS258322 MC1R 0.30 0.27 0.2590 0.9147

RS3212363 MC1R -0.26 0.23 0.2636 0.9147

RS3212369 MC1R 0.07 0.26 0.7781 0.9682

RS4785763 MC1R -0.15 0.18 0.4131 0.9147

RS243865 MMP-2 -0.35 0.23 0.1172 0.8677

RS3918241 MMP-9 0.23 0.24 0.3390 0.9147

RS1800401 OCA2 -0.17 0.55 0.7606 0.9682

RS1800407 OCA2 -0.29 0.35 0.4066 0.9147

RS7495174 OCA2 -0.11 0.48 0.8237 0.9826

RS12896399 SLC24A4  0.07 0.19 0.6984 0.9682

RS11466321 TGFB1 -0.05 0.41 0.9039 0.9876

RS11466338 TGFB1 0.11 0.33 0.7438 0.9682

RS4803455 TGFB1 -0.03 0.19 0.8647 0.9876

RS8110090 TGFB1 1.62 0.43 0.0002 0.0139

RS8179181 TGFB1 0.00 0.23 0.9876 0.9876

RS10482792 TGFB2 0.01 0.22 0.9594 0.9876

RS1891467 TGFB2 -0.10 0.23 0.6572 0.9682

RS2027566 TGFB2 0.19 0.20 0.3530 0.9147

RS2027567 TGFB2 0.31 0.22 0.1681 0.9147

RS2796814 TGFB2 -0.35 0.23 0.1276 0.8677

RS2796822 TGFB2 -0.12 0.20 0.5549 0.9147

RS2798631 TGFB2 0.01 0.19 0.9556 0.9876

RS2799083 TGFB2 0.03 0.21 0.8738 0.9876

RS2268625 TGFB3 -0.23 0.24 0.3323 0.9147

RS3917148 TGFB3 -0.34 0.36 0.3430 0.9147

RS3917194 TGFB3 0.19 0.34 0.5889 0.9147

RS4252328 TGFB3 -0.23 0.21 0.2953 0.9147

RS2277698 TIMP-1 0.18 0.26 0.4989 0.9147

RS2234921 TIMP-2 0.14 0.21 0.4924 0.9147

RS5749511 TIMP-3 -1.25 0.42 0.0029 0.0988
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Multivariate results for all SNPs and the modified scar outcome measure (continued) 

SNP Gene 
SNP 

coefficienta
Standard 

Error
SNP  

p-valueb
SNP  

q-valuec 

RS1800629 TNFa308 -0.27 0.31 0.3791 0.9147 

RS35264875 TPCN2 -0.23 0.25 0.3461 0.9147 

RS3829241 TPCN2 -0.35 0.19 0.0753 0.7317 

RS1042602 TYR -0.16 0.19 0.4105 0.9147 

RS1393350 TYR -0.11 0.20 0.5748 0.9147 

RS1408799 TYRP1 -0.39 0.21 0.0712 0.7317 

RS2733832 TYRP1 -0.47 0.21 0.0302 0.6836 

aFull multivariate model, adjusted for age at scar examination, time since excision, eczema, kidney 
failure, thyroid problems, infection at time of excision and site of the scar 
bReference category = major homozygote 
cLinear regression p-value 
dFalse discovery rate adjustment q-value 
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Appendix CC. Univariate results for all SNPs and the standard scar outcome 

measure for 202 WAMHS scarring sub-study participants 

 

SNP Gene 
SNP 

coefficienta
Standard 

Error
SNP  

p-valueb 
SNP  

q-valuec

RS1540771 6P25.3 -0.45 0.22 0.046 0.579

RS9493150 CTGF -0.37 0.25 0.136 0.722

RS9399005 CTGF -0.08 0.26 0.754 0.839

RS6918698 CTGF -0.06 0.23 0.777 0.842

RS11569121 EGF 0.75 0.45 0.097 0.700

RS11568993 EGF -0.48 0.45 0.288 0.822

RS882471 EGF 0.19 0.23 0.415 0.839

RS7655579 EGF -0.19 0.23 0.420 0.839

RS6533485 EGF 0.08 0.23 0.736 0.839

RS4698803 EGF -0.08 0.27 0.761 0.839

RS929446 EGF 0.02 0.22 0.933 0.905

RS3135831 FGFR2 0.22 0.22 0.321 0.839

RS12913832 HERC2 -0.02 0.27 0.940 0.905

RS2239528 HLA DRB1*15 0.51 0.27 0.062 0.646

RS3130062 HLA DRB1*15 0.44 0.36 0.224 0.783

RS1799964 HLA DRB1*15 -0.22 0.27 0.424 0.839

RS3130059 HLA DRB1*15 -0.15 0.24 0.546 0.839

RS2071594 HLA DRB1*15 -0.14 0.24 0.554 0.839

RS2071591 HLA DRB1*15 -0.12 0.24 0.619 0.839

RS2071592 HLA DRB1*15 -0.12 0.26 0.643 0.839

RS2523506 HLA DRB1*15 -0.15 0.32 0.645 0.839

RS1052248 HLA DRB1*15 -0.12 0.27 0.655 0.839

RS2251824 HLA DRB1*15 -0.13 0.32 0.673 0.839

RS2229094 HLA DRB1*15 -0.07 0.25 0.790 0.843

RS12203592 IRF4 0.42 0.25 0.095 0.700

RS2976230 ITGAE -0.30 0.30 0.313 0.839

RS1716 ITGAE 0.09 0.23 0.705 0.839

RS12821256 KITLG 0.48 0.37 0.194 0.722

RS642742 KITLG 0.16 0.29 0.589 0.839
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Univariate results for all SNPs and the standard scar outcome measure (continued) 

SNP Gene 
SNP 

coefficienta
Standard 

Error
SNP  

p-valueb
SNP  

q-valuec 

RS258322 MC1R 0.43 0.32 0.177 0.722 

RS1805007 MC1R 0.30 0.33 0.364 0.839 

RS3212363 MC1R -0.24 0.28 0.381 0.839 

RS1805005 MC1R 0.20 0.34 0.555 0.839 

RS4785763 MC1R -0.07 0.22 0.739 0.839 

RS3212369 MC1R 0.06 0.32 0.861 0.902 

RS243865 MMP-2 -0.17 0.27 0.542 0.839 

RS3918241 MMP-9 0.03 0.30 0.916 0.905 

RS1800407 OCA2 -0.57 0.42 0.175 0.722 

RS7495174 OCA2 0.38 0.58 0.513 0.839 

RS1800401 OCA2 -0.04 0.68 0.958 0.905 

RS12896399 SLC24A4  0.01 0.23 0.976 0.905 

RS8110090 TGFB1 1.74 0.54 0.001 0.090 

RS4803455 TGFB1 -0.32 0.23 0.160 0.722 

RS11466338 TGFB1 0.25 0.41 0.545 0.839 

RS8179181 TGFB1 -0.09 0.27 0.751 0.839 

RS11466321 TGFB1 0.06 0.50 0.902 0.905 

RS2796822 TGFB2 -0.37 0.24 0.120 0.722 

RS2799083 TGFB2 -0.35 0.26 0.173 0.722 

RS2796814 TGFB2 -0.36 0.28 0.195 0.722 

RS10482792 TGFB2 0.21 0.27 0.440 0.839 

RS2027567 TGFB2 0.20 0.28 0.474 0.839 

RS2798631 TGFB2 0.17 0.23 0.475 0.839 

RS2027566 TGFB2 0.11 0.24 0.656 0.839 

RS1891467 TGFB2 0.01 0.28 0.966 0.905 

RS4252328 TGFB3 -0.30 0.26 0.260 0.819 

RS2268625 TGFB3 -0.33 0.30 0.274 0.821 

RS3917148 TGFB3 -0.28 0.45 0.534 0.839 

RS3917194 TGFB3 0.16 0.42 0.702 0.839 

RS2277698 TIMP-1 0.26 0.32 0.413 0.839 

RS2234921 TIMP-2 0.09 0.26 0.732 0.839 

RS5749511 TIMP-3 -1.46 0.51 0.005 0.159 
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Univariate results for all SNPs and the standard scar outcome measure (continued) 

SNP Gene 
SNP 

coefficienta
Standard 

Error
SNP  

p-valueb 
SNP  

q-valuec

RS1800629 TNFa308 -0.16 0.37 0.662 0.839

RS3829241 TPCN2 -0.48 0.24 0.045 0.579

RS35264875 TPCN2 -0.21 0.31 0.498 0.839

RS1393350 TYR -0.27 0.24 0.260 0.819

RS1042602 TYR 0.01 0.24 0.978 0.905

RS2733832 TYRP1 -0.58 0.26 0.028 0.579

RS1408799 TYRP1 -0.44 0.26 0.100 0.700

aReference category = major homozygote 
bLinear regression p-value 
cFalse discovery rate adjustment q-value 
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Appendix DD. Multivariate results for all SNPs and the standard scar 

outcome measure for 202 WAMHS scarring sub-study participants 

 

SNP Gene 
SNP 

coefficienta
Standard 

Error
SNP  

p-valueb
SNP  

q-valuec 

RS1540771 6P25.3 -0.43 0.22 0.0516 0.3065 

RS9493150 CTGF -0.40 0.24 0.0971 0.3607 

RS9399005 CTGF -0.09 0.25 0.7145 0.3837 

RS6918698 CTGF -0.05 0.22 0.8264 0.3837 

RS11569121 EGF 0.66 0.43 0.1224 0.3727 

RS11568993 EGF -0.57 0.44 0.1956 0.3727 

RS882471 EGF 0.25 0.22 0.2572 0.3727 

RS929446 EGF 0.11 0.21 0.6051 0.3837 

RS7655579 EGF -0.10 0.22 0.6470 0.3837 

RS6533485 EGF 0.08 0.22 0.7155 0.3837 

RS4698803 EGF -0.04 0.27 0.8697 0.3920 

RS3135831 FGFR2 0.12 0.21 0.5730 0.3837 

RS12913832 HERC2 -0.06 0.26 0.8240 0.3837 

RS2239528 HLA DRB1*15 0.35 0.26 0.1805 0.3727 

RS3130062 HLA DRB1*15 0.35 0.35 0.3194 0.3837 

RS1799964 HLA DRB1*15 -0.18 0.26 0.5012 0.3837 

RS3130059 HLA DRB1*15 -0.09 0.23 0.7115 0.3837 

RS2229094 HLA DRB1*15 -0.09 0.24 0.7125 0.3837 

RS2071594 HLA DRB1*15 -0.08 0.24 0.7342 0.3837 

RS1052248 HLA DRB1*15 -0.08 0.25 0.7540 0.3837 

RS2071591 HLA DRB1*15 -0.06 0.23 0.7909 0.3837 

RS2251824 HLA DRB1*15 -0.07 0.30 0.8150 0.3837 

RS2523506 HLA DRB1*15 -0.07 0.30 0.8220 0.3837 

RS2071592 HLA DRB1*15 -0.05 0.25 0.8267 0.3837 

RS12203592 IRF4 0.28 0.25 0.2551 0.3727 

RS2976230 ITGAE -0.25 0.29 0.3822 0.3837 

RS1716 ITGAE 0.06 0.22 0.7741 0.3837 

RS642742 KITLG 0.35 0.28 0.2246 0.3727 

RS12821256 KITLG 0.43 0.36 0.2370 0.3727 
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Multivariate results for all SNPs and the standard scar outcome measure (continued) 

SNP Gene 
SNP 

coefficienta
Standard 

Error
SNP  

p-valueb 
SNP  

q-valuec

RS3212363 MC1R -0.37 0.27 0.1655 0.3727

RS258322 MC1R 0.37 0.31 0.2411 0.3727

RS4785763 MC1R -0.17 0.21 0.4172 0.3837

RS1805007 MC1R 0.26 0.32 0.4216 0.3837

RS1805005 MC1R 0.17 0.32 0.5885 0.3837

RS3212369 MC1R 0.12 0.31 0.6922 0.3837

RS243865 MMP-2 -0.41 0.27 0.1264 0.3727

RS3918241 MMP-9 0.19 0.28 0.5081 0.3837

RS1800407 OCA2 -0.33 0.41 0.4157 0.3837

RS1800401 OCA2 -0.22 0.64 0.7282 0.3837

RS7495174 OCA2 -0.07 0.56 0.8972 0.3920

RS12896399 SLC24A4  -0.09 0.23 0.6835 0.3837

RS8110090 TGFB1 1.91 0.50 0.0002 0.0056

RS4803455 TGFB1 -0.21 0.22 0.3329 0.3837

RS11466338 TGFB1 0.28 0.39 0.4738 0.3837

RS11466321 TGFB1 0.12 0.48 0.7964 0.3837

RS8179181 TGFB1 -0.07 0.27 0.8045 0.3837

RS2796814 TGFB2 -0.47 0.27 0.0804 0.3607

RS2027567 TGFB2 0.25 0.26 0.3376 0.3837

RS2796822 TGFB2 -0.15 0.23 0.5334 0.3837

RS2799083 TGFB2 -0.13 0.25 0.5937 0.3837

RS2027566 TGFB2 0.11 0.23 0.6266 0.3837

RS2798631 TGFB2 0.07 0.23 0.7546 0.3837

RS1891467 TGFB2 0.04 0.27 0.8902 0.3920

RS10482792 TGFB2 0.03 0.25 0.8934 0.3920

RS4252328 TGFB3 -0.28 0.25 0.2635 0.3727

RS2268625 TGFB3 -0.30 0.28 0.2925 0.3837

RS3917148 TGFB3 -0.43 0.43 0.3145 0.3837

RS3917194 TGFB3 0.26 0.40 0.5272 0.3837

RS2277698 TIMP-1 0.40 0.30 0.1873 0.3727

RS2234921 TIMP-2 0.11 0.24 0.6464 0.3837

RS5749511 TIMP-3 -1.31 0.49 0.0086 0.1272
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Multivariate results for all SNPs and the standard scar outcome measure (continued) 

SNP Gene 
SNP 

coefficienta
Standard 

Error
SNP  

p-valueb
SNP  

q-valuec 

RS1800629 TNFa308 -0.25 0.36 0.4797 0.3837 

RS3829241 TPCN2 -0.56 0.23 0.0143 0.1421 

RS35264875 TPCN2 -0.19 0.29 0.5058 0.3837 

RS1393350 TYR -0.27 0.23 0.2356 0.3727 

RS1042602 TYR -0.07 0.23 0.7577 0.3837 

RS2733832 TYRP1 -0.57 0.25 0.0255 0.1897 

RS1408799 TYRP1 -0.43 0.25 0.0863 0.3607 

aFull multivariate model, adjusted for age at scar examination, time since excision, eczema, kidney 
failure, thyroid problems, infection at time of excision and site of the scar 
bReference category = major homozygote 
cLinear regression p-value 
dFalse discovery rate adjustment q-value 
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Appendix EE. Distribution of single and multiple diagnoses of the same 

cancer for selected cancer types, diagnosed between 1982 and 2007 in Western 

Australia 

 

Cancer type Cases  
n [%a] 

Brain  
Number of diagnoses  
1 767   [3.6] 
2 3 [<0.1] 
  
Breast   
Number of diagnoses  
1 4,788 [22.2] 
2 319   [1.5] 
3 15   [0.1] 
4 2 [<0.1] 
  
Cervical  
Number of diagnoses  
1 753   [3.5] 
2 3 [<0.1] 
  
Colorectal   
Number of diagnoses  
1 2,388   [8.2] 
2 55   [0.2] 
3 3 [<0.1] 
  
Kidney  
Number of diagnoses  
1 658   [2.3] 
2 11  [0.1] 
  
Lip/gum/mouth  
Number of diagnoses  
1 769   [2.7] 
2 22 [<0.1] 
3 1 [<0.1] 
  
Lung  
Number of diagnoses  
1 1,252   [4.3] 
2 20   [0.1] 
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Distribution of single and multiple diagnoses of the same cancer type (continued) 

Cancer type Cases  
n [%a] 

Melanoma  
Number of diagnoses  
1 5,544 [19.1] 
2 230   [0.8] 
3 18   [0.1] 
4 5 [<0.1] 
5 2 [<0.1] 
6 1 [<0.1] 
  
Pancreatic  
Number of diagnoses  
1 319   [1.1] 
  
Prostate   
Number of diagnoses  
1 2,525   [8.7] 
  
Testicular  
Number of diagnoses  
1  683   [2.4] 
2 5 [<0.1] 
  
Thyroid  
Number of diagnoses  
1 920   [3.2] 
2 10 [<0.1] 
a Total sample size based on n=21,609 cases with at least one of the selected cancers diagnosed 

 




