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Summary 
 

 

Background 

 

Patients at a high risk of developing cutaneous melanoma benefit most from early diagnosis 

and intervention. A breakthrough in clinical practice during the 20th century was dermoscopy, 

a study of the features of skin lesions under 10–20x magnification and an illuminating system 

using a handheld tool called a dermatoscope. Several diagnostic strategies have been developed 

for this purpose. Teledermatology, a form of telemedicine increasingly applied to skin cancer, 

can breach the lapse in access to healthcare for high-risk patients. Transmitting dermoscopy 

images to a receiving teledermatology specialist is called ‘teledermoscopy’. Teledermoscopy 

has seen a growing interest in a patient-directed approach whereby patients transmit 

dermoscopy images to their doctors for assessment – a method called ‘mobile teledermoscopy’. 

Our study aimed to assess the feasibility of mobile teledermoscopy in high-risk patients with 

cutaneous melanoma at two Australian tertiary clinics. Its effects on clinical practice, cost and 

psychology, including confidence and acceptance of this technological intervention, were 

studied. 

 

Methodology 
 
 

Study design: A prospective study was conducted at two tertiary centres in Sydney – the 

Melanoma Institute of Australia (MIA) and the Sydney Melanoma Diagnostic Centre(SMDC) 

– of high-risk patients identified as having either a personal history of (A) ≥ one invasive 

melanoma and dysplastic naevus syndrome, (B) ≥ two primary invasive melanomas, (C) ≥ one 

invasive melanoma and ≥ three first-degree or second-degree relatives with melanoma, or with 

(D) CDKN2A or CDK4 melanoma-prone gene mutations (history of invasive melanoma was 

not an absolute requirement). They were literate in English, could perform transmissions via 
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the portable dermatoscope compatible with their smart mobile devices and could access every 

body part with assistance. Two cohorts were established. 

 

a. Participants from Cohort 1 were invited via email or regular postal service, along with a 

follow-up telephone call. They were recruited at weekly appointments held at tertiary centres. 

Participants provided teledermoscopy transmissions over one year derived from lesions either 

identified (i) by their dermatologists for digital monitoring as possibly suspicious of melanoma 

or (ii) by themselves as lesions of concern. They completed a diary to record all doctor visits 

and treatments regarding their skin during the one-year study period. Participants completed 

hard-copy questionnaires before and after the interventions to assess their impact on their 

quality of life and receptivity to mobile teledermoscopy. 

 

b. Participants from Cohort 2 were recruited opportunistically at scheduled appointments for 

their regular skin checks during the COVID-19 pandemic, and had lesions identified by their 

dermatologists for monitoring over a 3-month study period. Short-term sequential digital 

dermoscopy imaging of lesions is a standard diagnostic strategy to avoid excision of borderline 

lesions and to enable a unique assessment of the use of this technology during the pandemic. 

We recruited Cohort 2 to enhance the data on the quality of mobile teledermoscopy and its 

impact on clinical and psychological parameters. 

 

Study procedure 

 

(i) Clinical practice 

 

For Cohort 1, all clinical and histopathological parameters during the 1-year study of mobile 

teledermoscopy were statistically compared with historical data from one year before the date 

of participation to represent conventional practice. These included changes in time-to- 

treatment, number of face-to-face visits, excisions, benign or malignant lesions, melanomas, 
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other skin cancers, naevi and patients with or without excisions. A change in the interval 

between the date of excision and the last dermatologist appointment, the ‘visit interval’, reflects 

a change in the time-to-treatment. (There was no historical data on when the excised lesion was 

referred for treatment or review). 

 

For both cohorts, we analysed the demographic effect on the number and quality of 

transmissions. We noted the proportion of visits for (i) lesions undergoing sequential digital 

dermoscopy and (ii) lesions of concern from participants averted by mobile teledermoscopy. 

The ratio of fast-tracked visits to the lesions of concern was also noted. We studied the accuracy 

(sensitivity, specificity and positive and negative predictive values) and treatment concordance 

of mobile teledermoscopy (using Gwet’s coefficient for significance). Dermoscopy of the 

excised lesions using mobile teledermoscopy was performed. 

 

(ii) Cost 

 

We performed a cost-comparison study of mobile teledermoscopy using interventional and 

historical data. We expressed cost as the cost to the healthcare system and patient (and, in 

summary, the total cost of care). We also explored the demographic impact on the cost to 

healthcare during the intervention period. 

 

(iii) Psychology 

 

Participants’ health-related quality of life (HRQOL) and level of acceptance of mobile 

teledermoscopy were also examined. 

 

Data analysis: The difference in the number of transmissions from various body parts and 

lateral sides was tested using the chi-square goodness-of-fit test. Unmatched data of the 

demographic effect on transmission quality and pre-post-intervention effect on lesion-based 

visit intervals were not normally distributed from the Shapiro–Wilk test and histogram 
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representation. These data were analysed using the Wilcoxon rank-sum test (for two 

independent groups) or the Kruskal–Wallis test (for three independent groups). For three 

independent groups, we used the post-hoc Dunn test to determine the significance of the 

difference between each pair of groups and Welch’s t-test to determine the mean difference 

with a 95% confidence interval. Matched data of pre- and post-intervention clinical and 

histopathological parameters and cost comparisons were not normally distributed. The 

Wilcoxon signed-rank test was used to test the statistical significance. This is except for patient-

based visit intervals, for which the paired t-test was used. All data were analysed using R Studio, 

except for HRQOL, which was examined with its specific SPSS statistical package. 

 

Results 
 
 

Of the 495 invitations for Cohort 1, 322 were considered effective, excluding 173 patients who 

had discontinued attendance at the MIA and SMDC for five years or more. There was a 19% 

participation rate in Cohort 1 (60/322). There was a 25% dropout rate, with 45 participants 

completing the 1-year study period. The recruitment rate was 100% in Cohort 2 from 33 

invitations, with only three patients lost to follow-up (9%), and 30 participants completed the 

3-month study with only lesions identified for sequential digital dermoscopy imaging (SDDI). 

 

There were 302 intended transmissions via mobile teledermoscopy, of which 22% (67/302) 

were transmitted by patients as lesions of concern, and doctors initiated 78% (235/302) for 

SDDI. Of the latter, participants sent 192 (82%; 192/235) transmissions for evaluation, 

accounting for 18% (43/235) of intended transmissions for SDDI not provided. Half of these 

non-transmissions were converted by four participants to face-to-face visits because they 

preferred conventional practice (22/43). Despite repeated reminders, the participants did not 

transmit 9% (21/235) of the intended transmissions for SDDI. Our participants provided 259 

transmissions for assessment altogether. Evaluable transmissions comprised 78% (201/259), 
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with half of the 58 poorly imaged transmissions due to movement and the other half due to 

either poor contact or insufficient gel. There was one transmission (0.5%; 1/259) that a 

participant had failed to identify the correct lesion to transmit for SDDI. The lower limbs were 

the most common region from which transmissions came; there was no statistical difference 

between the left- and right-sided transmissions. Participants with tertiary education (71%, 

53/75) had a higher number of transmissions than those with secondary education (p = 0.015). 

Younger participants before 40 years of age (17%, 13/75) provided more evaluable 

transmissions than those aged 65 years or older (p = 0.014). However, there was no significant 

association between demographic characteristics and the proportion of evaluable transmissions. 

 

Compared with the historical data of conventional practice from 1-year prior, mobile 

teledermoscopy in Cohort 1 allowed a 50-day reduction in visit interval based on patients (p = 

0.039) and a non-significant 19.5-day reduction based on lesions (p = 1.00). There were 15 fewer 

visits to doctors, two-thirds of which were mainly by dermatologists (10/15). However, the 

reduction in the number of doctor visits per patient (3.7 to 3.4 visits) was not significant (p = 

0.094). There were also 21 fewer excisions, but the number of excisions per patient (2.04 to 1.58) 

was not significantly different (p = 0.325). Altogether, 39% and 37% of all face-to-face visits were 

averted (38/98) or fast-tracked (10/27), respectively. Mobile teledermoscopy had a high treatment 

concordance with face-to-face visits at 89% (Gwet’s coefficient 0.87 95% Confidence Interval 

0.82 to 0.96, p<0.05), with a sensitivity of 100%, specificity of 86%, a positive predictive value of 

10% and negative predictive value of 100%. One actinic keratosis and six malignant lesions were 

identified via mobile teledermoscopy: three melanomas in situ (MIS), two basal cell carcinomas 

(BCC), and one Bowen’s disease (i.e. squamous cell carcinoma in situ). Most melanomas (16/19) 

excised, including all four invasive melanomas, were diagnosed at conventional face-to-face visits. 

 

Specific demographic characteristics were associated with cost savings in the healthcare system, 

but none were significantly associated. Overall, there was an additional cost of $28 per 
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patient/year for the healthcare system observed with mobile teledermoscopy. 

 

Seventy-seven recruited participants completed the questionnaires on the quality of life before 

the intervention. We found that high-risk patients had a reasonably good quality of life with a 

mean weighted utility score of 0.85 for the Assessment of Quality-of-Life 8D (SD=0.14; 

95%CI 0.82-0.89), but they had a clinically significant fear of melanoma recurrence with a 

mean Fear of Cancer Recurrence Inventory score of 61.3 (SD=26.5; 95%CI 55.3-67.3). Only 

11 participants completed the questionnaires on HRQOL before and after the intervention; 

therefore, these data were not analysed. Twenty-eight of the 75 participants completed the 

survey on their acceptance of mobile teledermoscopy. They showed strong confidence in its 

effectiveness and recommended its use for monitoring their moles (mean score of 4.5 of 5) and 

diagnosing melanoma (mean score of 4.2 of 5). However, 79% of the participants would seek 

a second opinion from another dermatologist if they had doubts about the assessment from the 

teledermatologist. 

 

Conclusion 
 
 

Patients at high-risk of developing cutaneous melanoma can rely on mobile teledermoscopy as 

an acceptable diagnostic strategy. Patients can benefit from less reliance on face-to-face visits 

and the possible early detection of melanoma by fast-tracking visits. Despite the minor cost 

burden on the healthcare system, a reduction in conventional visits from mobile 

teledermoscopy can alleviate pressures in other aspects of the healthcare system. The prospect 

of incorporating artificial intelligence into mobile teledermoscopy and its applications to 

provide reassurance or direction towards appropriate patient management is highly anticipated. 

In practice, mobile teledermoscopy is best applied to support conventional practice in the care of 

high-risk patients. 
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Chapter 1: Introduction 

 

1.1 Epidemiology in Skin Cancer 

 

The effects of skin cancer have been observed in many parts of the world. From 2007 to 2017, 

there was a 32% rise in the incidence of non-melanoma skin cancer (NMSC) and melanoma 

cases worldwide.(1) In 2017 alone, NMSC affected 7.7 million people and resulted in 65,000 

deaths. Cutaneous malignant melanoma affected 300,000 people, leading to a similar number 

of 62,000 deaths worldwide. Skin cancer has also caused about 1.3 million years of loss due to 

disability or death from the disease worldwide (relative to average life expectancy), and 91– 

93% was due to premature death. Countries with the highest socioeconomic demographics, 

such as Australia, were found to have approximately 30 times greater odds of developing skin 

cancer than the poorest countries. This finding is multifactorial. Specific populations have 

genetic, phenotypic and environmental predispositions. Another contributing factor is the 

higher rate of diagnosis. This could be due to improved skin cancer screening programs, 

diagnostic instruments and monitoring methods, and better healthcare system access with 

increased awareness. Australia experienced a 100% increase in the age-standardised incidence 

rate of melanoma from 1982 to 2017. However, the associated mortality rate has been lower 

than that of other cancer types for the past few years.(2) A significant contributor to the 

decreasing rate of melanoma deaths is improved treatment for advanced-stage melanoma, but 

another significant key factor is early detection. Earlier detection has been associated with a 

lower Breslow thickness of the melanoma, measured from the top of the granular layer of the 

skin to the deepest point of invasion,  an important prognostic marker of invasive melanoma.(3) 
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1.2 People at High-Risk of Cutaneous Melanoma 

 

The identification of high-risk patients is a critical factor in early detection. Risk prediction 

models (4) have been developed to identify high-risk patients. 

 

Common phenotypic risk factors include light eye, hair and skin colour, severe sunburns in 

childhood and adolescence, increased naevi count on the body and high freckle density.(4) 

 

Genetic mutations in melanoma are often sporadic, but some patients have an apparent genetic 

predisposition. Mutations in the CDK4 gene were associated with tumorigenesis in many 

cancers because the encoded protein is a kinase (Cyclin-dependent protein kinase 4, Cdk4) 

involved in the cell cycle.(5) The CDKN2A locus on this gene has shown mutational heritability 

in familial melanoma and melanoma-pancreatic cancer syndrome, with an associated risk of 

developing melanoma, pancreatic cancer, or both. (6) The risk of developing melanoma with 

the CDKN2A mutation is 14% by age 50, and that risk doubles by age 80.(7) Other genetic 

mutations associated with developing cutaneous melanoma have been reported since, including 

but not limited to BAP1, POT1 and TERT.(8) The MC1R gene codes for the protein receptor 

of a melanin-stimulating hormone, and variants of the MC1R genotype that produce red hair 

and a fair skin phenotype were associated with a 2.2-fold increase in the development of their 

first cutaneous melanoma. After adjusting for hair and skin colour, the risk of cutaneous 

melanoma remained elevated in MC1R genotype variants with darker hair or skin colour. The 

MC1R variant was also associated with a significant increase in CDKN2A penetrance, from 

50% to 84%. A younger age of onset of melanoma, from 37.8 years to 58.1 years, was also 

observed.(9) 

 

A systematic review of 34 guidelines identified the factors with an elevated relative risk: 

CDKN2A mutation carriers (lower-risk genes not recommended), more than 100 naevi, more 
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than five atypical naevi, a strong family history of melanoma and a personal history of 

melanoma.(10) The latter is the strongest predictor when there are multiple previous primary 

melanomas.(11) Once identified as high-risk with a history of melanoma, these patients require 

close monitoring because of the subsequent risk of developing more melanomas. The evidence 

of the frequency and duration of follow-up may be low; many guidelines recommend a 6-month 

skin check to continue lifelong.(10) It is estimated that 9–13% of high-risk patients develop a 

new primary melanoma within two years.(12,13) A cost-effectiveness impact analysis on the 

national budget showed that a surveillance program set-up for high-risk melanoma patients in 

Australia would save $22.6 million over 5 years.(14) 

 

1.3 Diagnostic Strategies: In-Clinic Practice 

 

Various tools and methods for skin cancer diagnosis have been incorporated into clinical 

practice. They have become essential for the early detection of skin cancer. 

 

1.3.1 Dermoscopy 

 

Dermoscopy, also known as ‘dermatoscopy’, epiluminoscopy’ and ‘epiluminescent 

microscopy’, is an in vivo, non-invasive diagnostic tool in dermatology. Its use is integral to 

the diagnosis of skin cancers. Dermoscopy studies skin lesions by magnifying morphological 

characteristics that have histological correlations with skin structures at the level of the 

epidermis, dermo-epidermal junction, and papillary (or upper) dermis. Dermoscopy requires a 

dermatoscope consisting of an optical lens that provides 10–20x magnification and a polarised 

or non-polarised light source. Early studies of dermoscopy used non-polarised light and contact 

of the dermatoscope with a liquid interface, with the dermatoscope pressed onto the skin lesion 

to eliminate skin light reflection. The advantage of non-polarised light is visualising the 

superficial skin, such as the epidermis. Modern dermatoscopy allows toggling between two 
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modes of non-polarised or polarised light, and the latter allows better appreciation of deeper 

skin structures, such as vessels or collagen fibres found in the dermis. The technique of 

polarised light can be with or without contact and a liquid interface, depending on the user’s 

preference.(15) 

 

A meta-analysis of nine studies demonstrated that dermoscopy was nine to 15 times more 

accurate in diagnosing melanoma than clinical examination alone. The study further 

emphasised an 18% increase in sensitivity and a lesser 9% improvement in specificity.(16) A 

systematic review of 34 guidelines from 20 countries showed that dermoscopy applied in 

examining high-risk cutaneous melanoma patients plays an essential role in monitoring 

dysplastic naevi. It facilitates early detection, improves diagnostic accuracy and reduces the 

benign:malignant excision ratio of melanocytic lesions (10), which translates to decreased 

unnecessary excisions.(10,17) Dermoscopy is inscribed into dermatology specialist training in 

many parts of the world and is highly advocated in general practice. 

 

1.3.2 Sequential Digital Dermoscopy Imaging 

 

Sequential digital dermoscopy imaging (SDDI) is a method used to monitor changes in 

melanocytic lesions over time. Short-term SDDI is performed over a 3-month interval for 

follow-up of suspicious melanocytic lesions. Morphological changes are analysed to determine 

the need for excision. Long-term SDDI is performed over a 6- to 12-month interval and is 

generally reserved for lesions suspicious of lentigo maligna, a slow-growing superficial 

melanoma subtype, or for routine follow-up of high-risk patients with dysplastic naevi 

syndrome.(18) SDDI has been shown to have >90% sensitivity and 84–96% specificity (19– 

21) with an improved detection rate of melanoma in featureless lesions or atypical 

naevi.(20,22) Moreover, 99.2% of suspicious lesions on short-term SDDI are not changing, 
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and most concerning lesions for the patients are not dangerous, like seborrheic keratosis or 

inflammatory lesions.(19) 

 

1.3.3 Total Body Photography 

 

Total body photography uses photographic records to comprehensively assess the entire skin 

from all angles. This allows the practitioner to observe any potential changes in naevi at 

subsequent visits. The change in naevi detected in total body photography was assessed further 

using dermoscopy for malignant features. A systematic review of 14 studies that included 

12,092 patients showed that total body photography reduced the mean Breslow thickness of 

melanomas excised and was better at diagnosing melanoma in new lesions than those lesions 

previously identified and monitored.(23) 

 

Six-monthly examination and SDDI supported by total body photography were shown in an 

Australian study of high-risk patients to achieve a benign-to-malignant excision ratio of 1.6:1 

and median Breslow thickness in situ, with 66% of excisions in response to changes identified 

by photography.(12) However, another study in Barcelona combining SDDI and total body 

photography in high-risk patients attained a less favourable melanoma:benign ratio of 10.75:1; 

the mean Breslow thickness remained less than 1 mm.(24) The technique is also valid in 

primary care settings. A clinical trial in primary care showed a reduction of benign:melanoma 

ratio from 9.5:1 with only naked eye examination to 3.5:1 with the addition of SDDI 

(p<0.05).(25) A systematic review of 17 guidelines specified that photographic records are 

very beneficial for monitoring melanocytic lesions that have no malignant dermoscopic 

features initially.(10) 
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1.4 Diagnostic Strategies: Telemedicine 

 

Telemedicine overcomes the inability to access healthcare by connecting health professionals 

and patients using communication technology. Telemedicine is best appreciated by patients 

who must travel long distances. 

 

1.4.1 Teledermatology 

 

Teledermatology is a type of telemedicine. Australia is one of the pioneers that has applied 

various forms of teledermatology for the past two decades.(26) Teledermatology is performed 

using two methods. Synchronous real-time video conferencing allows for immediate responses 

from doctors and open discussions with patients. There is also an asynchronous store-and- 

forward service involving the transmission of still images, but with a delayed response. A 

combination of both methods is also used. Real-time video conferencing affects the quality of 

images and can make it incredibly difficult to interpret dermoscopy images. Store-and-forward 

teledermatology allows flexibility for patients and doctors and a much better resolution of 

images, including dermoscopic images. 

 

1.4.2 Teledermoscopy 

 

Teledermoscopy uses store-and-forward teledermatology, whereby dermoscopic images are 

transmitted from the referring doctor to the teledermatologist for review.(27) A systematic 

review quoted the diagnostic accuracy of teledermatology, with histopathology as the gold 

standard, between 5% and 92%. The diagnostic concordance of teledermatology with 

teledermoscopy with face-to-face visits ranged from 46 to 90%; when the differentials were 

included, the aggregated diagnostic concordance improved to 71–94%.(28) The use of 

teledermoscopy has been encouraged for triage and monitoring of lesions in place of doctor 

visits in the hope of reducing costs to both doctors and patients.(29) 
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The largest head-to-head trial comparing store-and-forward teledermatology with face-to-face 

visits reported a significantly lower response time of seven days and reduced doctor visits by 

39%. However, the likelihood of detecting skin cancer with teledermatology was 9% less than 

with face-to-face visits.(30) The economic findings of teledermatology have been variable, and 

further cost evaluation is encouraged at this stage. A systematic review of 11 studies has shown 

that store-and-forward teledermatology can be cost-effective with a 39–88% reduction of visits, 

distinctly valuable for patients with a more significant travel time requirement.(31) However, 

there are various ways to evaluate cost, including cost analysis, cost minimisation analysis, 

cost evaluation analysis and cost-utility analysis. The latter method considers the clinical 

outcome of the intervention, often with a preferred utility index of measurement like the 

quality-adjusted life year commonly used to evaluate interventions in medicine.(32) Only two 

of the 11 studies used cost-utility analysis, and one did not find any difference between store- 

and-forward teledermatology and written referrals.(31) Opportunity costs, or alternative costs, 

are costs incurred when the following best alternate choice is made—it considers any benefits 

that provide utility, including time, money and quality of life.(33) A meta-analysis of three 

studies showed that the duration of the consultation was longer via teledermatology (two real- 

time video conferencing and one store-and-forward) compared with conventional face-to-face 

consultation, resulting in a higher opportunity cost and total cost of teledermatology.(34) 

 

1.4.3 Mobile Teledermoscopy 

 

Most melanomas are first detected by patients, and delays in diagnosis can range from months 

to years.(35–38) A strategy that allows patients to transmit clinical and dermoscopic images 

directly to their medical care providers with the aid of a portable dermatoscope attached to 

their mobile devices can be useful. This strategy is termed ‘mobile teledermoscopy’, also known 

as ‘patient-initiated mobile teledermoscopy’ or ‘comsumer mobile teledermoscopy’. 
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Acceptance of direct-to-consumer services is growing in the broader community, such that 

patients can refer themselves to teledermatologists or other doctors specialising in 

teledermatology. By early 2015, a survey showed that 22 direct-to-consumer services were 

available in the United States.(39) However, concerns were raised regarding image quality and 

low sensitivity in the detection of melanoma.(40,41) 

 

1.5 Hypotheses 

 

The motivation for this study was to assess the feasibility of mobile teledermoscopy in a patient 

population at high-risk of cutaneous melanoma and to observe whether there were 

improvements in clinical care, cost reduction, and a high level of acceptability. 

 

The primary outcome was a reduction in the time-to-treatment of lesions. This study aimed to 

achieve the following objectives: 

 

(1) Demographic characteristics and their association with the number and quality 

of the transmissions via mobile teledermoscopy 

 

(2) Improvement in clinical parameters, such as benign-to-malignant ratio, and 

histopathological parameters, such as Breslow thickness of melanomas 

 

(3) High proportion of visits being either averted when there were no immediate 

concerns or fast-tracked when the patient’s lesion of concern had to be treated or 

reviewed urgently at the clinic 

(4) High treatment concordance: agreement reliability of treatment decisions 

between mobile teledermoscopy and conventional visits. 
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(5) High accuracies in the diagnosis of skin cancers – sensitivity, specificity, positive 

and negative predictive values 

 

(6) Reduction in costs to the healthcare system, patients and overall cost of care 

 

(7) Positive impact on the HRQOL 

 

(8) High levels of acceptance and confidence in mobile teledermoscopy. 
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Chapter 2: Methodology 
 

 

2.1 Study Design 

 

We conducted a non-randomised, prospective cohort study of patients recruited from the high- 

risk clinics of the Melanoma Institute of Australia (MIA) and Sydney Melanoma Diagnostic 

Centre (SMDC) at the Royal Prince Alfred Hospital. We equipped the participants with a 

portable dermatoscope adaptable to their smart device for transmitting teledermoscopy images 

of skin lesions between scheduled visits. 

 

Approval was first obtained from the MIA and SMDC, followed by the Sydney Local Health 

District Ethics Committee for the MOBILEMEL study. The study was conducted according to 

the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

statement. We conducted the MOBILEMEL study between 17 July 2019 and 28 June 2021, 

and supervision was provided by Professor Pascale Guitera, a dermatologist and Professor 

Anne Cust, a cancer epidemiologist. 

 

2.2 Study Population 

 

2.2.1 First Cohort 

 

Patients were selected from high-risk clinics at the MIA (113 patients) and SMDC (382 

patients). These patients were initially recruited in the high-risk clinics from 2006 to 2011 and 

followed a strict protocol involving dermoscopy, monitoring and total body photography.(12) 

Previous research on high-risk clinics at both sites was funded by translational program grants 

from the Cancer Institute of New South Wales. 

 

Patients in high-risk clinics underwent one of the following protocols by Maloney et al. (12): 
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A. Personal history of ≥ 1 invasive melanoma and dysplastic naevus syndrome (defined as 

 

≥ 100 Naevi, ≥ 6 dysplastic naevi, ≥ 1 naevus 8 mm in diameter) 

 

B. Personal history of ≥ 2 primary invasive melanomas 

 

C. Personal history of ≥ 1 invasive melanoma and ≥ three 1st-degree or 2nd-degree 

relatives with melanoma 

 

D. CDKN2A or CDK4 melanoma-prone gene mutations (history of invasive melanoma 

was not an absolute requirement). 

 

Patients were excluded for either of the following reasons: 

 

1. Illiteracy in English 

 

2. Unable to use a smartphone or tablet 

 

3. Unable to effectively utilise the portable dermatoscope and its app 

 

4. No family support to image non-accessible areas of the body, for example, back or scalp 

 

5. No clear understanding of the protocol and transmission through the web-based 

platform, DermEngineTM. 

 

2.2.2 Second Cohort 

 

Recruitment of high-risk melanoma patients that were not from the historical high-risk clinics 

but met the same inclusion and exclusion criteria started during the COVID-19 pandemic 

(2020–2021). An invitation to participate was provided during their appointments, and consent 

was obtained. They were only recruited over a three-month SDDI of lesions to enhance the 

data collection in the following aspects of the study (definitions in the ‘data analysis’ section): 
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I. Transmission quality 

 

II. Treatment concordance/discordance 

 

III. Cost analysis 

 

IV. HRQOL assessments 

 

There was no statistically significant target sample size because this was a prospective pilot 

study. We aimed to recruit as many patients as possible from high-risk clinics because of the 

short duration of the study and the difficulty of recruiting during the pandemic. 

 

2.3 Recruitment Procedures 

 

We identified eligible patients using the high-risk clinical database available at the MIA and 

SMDC. The study invitation packages were sent to these patients via postal service to their 

addresses from 1st to 4th July 2019, and each package included the following: 

 

• An information sheet explaining the research and activities required of the participants 

(see Appendix A) 

 

• A participation card for the patient to note the preferred contact method and the make 

and model of the smart device. It was also to organise a date and time of the first visit 

when the consent process and training were undertaken (please see below). (see 

Appendix B) 

 

o Interested patients returned the participation card via email to Dr Arthur Martin 

at arthur.martin@XXXXXXXX.au, or via phone 04XX XXX XXX. 

 
• Two questionnaires on HRQOL before the intervention 

mailto:arthur.martin@XXXXXXXX.au
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o Assessment of Quality of life-8D (AQoL-8D) (see Appendix C) 

 

o Fear of cancer recurrence inventory (FCRI) (see Appendix D) 

 

• Consent form for the patient’s perusal (see Appendix E) 

 

Patients had two weeks to consider participating and were contacted via email or telephone to 

gather their informed decisions. If the participation card was not returned or completed, there 

was a phone call protocol (see Appendix F) and an email protocol (see Appendix G). We set 

up weekly clinics to conduct the recruitment process at the MIA, where we provided further 

clarification of the study and collected their consent. We invited their relatives, partners, 

authorised carers, or those who lived with the participants to be present during the clinic’s 

consent process and training. 

 

We organised the initial recruitment that took 20–25 minutes, and every participant was: 

 
 

• To provide a signed consent form. 

 

• Issued, educated and demonstrated how to use MoleScopeTM (MetaOptimaTM, 

Vancouver, Canada).(42) 

 

• Instructed to download the MoleScopeTM app developed by MetaOptimaTM onto the 

participant’s mobile device and given an instructional sheet (see Appendices H and I) 

and shown a video of the steps to follow when transmitting an image: 

 

o Add a new mole to the MoleBoxTM, the section of the app that displayed a list 

of the lesions imaged. 
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o Add an overview photo without the MolescopeTM device taken from 15 cm 

away onto the Mole ProfileTM, the section of the app displaying images of each 

lesion. 

 

o Add a dermoscopic image taken using the MoleScopeTM device to the Mole 

ProfileTM of each lesion. 

 

o Keep the Mole ProfileTM updated by adding new dermoscopic images. 

 

• Given tips on taking teledermoscopy images: 

 

o ‘apply plenty of alcohol gel and leave a blob of it on the lesion; do not spread 

when applying’. 

 

o ‘always tap the centre to sharpen any images before taking it’. 

 

o ‘press the MoleScopeTM device firmly on the skin with the alcohol gel spread 

in between’. 

 
o ‘do not move until the image is taken’. 

 

• A participant diary was provided to record the costs of all doctor visits when the skin 

lesion was excised. The participant’s diary explicitly recorded the type of visit (general 

practitioners, skin cancer specialists, dermatologists, surgeons or any others), date, cost 

and number and body sites of lesions excised (see Appendix J). Participants were 

reminded to ensure that the pathology report was sent to the usual location of their 

dermatology review, either the MIA or the SMDC. Every three months, participants 

would send Dr Arthur Martin an update of the participant diary, who would then contact 

the participants via phone calls or emails every three months to ensure an accurate 

account. (3-month phone protocol, Appendix K). 
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• To provide demographic information for the records. 

 

• Requested to complete the two questionnaires on HRQOL before the study. 

 

We also performed opportunistic recruitment for Cohort 1 during regular visits of high-risk 

patients at the MIA or SMDC for a full skin examination. Cohort 2 was recruited 

opportunistically when identified as eligible during their regular skin checks. 

 

2.4 Study Procedure: Conventional Practice Before Intervention: An 

Overview 

With conventional practice (before mobile teledermoscopy), lesions were detected as follows: 

 

- patient 

 

- standard clinical and dermoscopy examination 

 

- with the aid of total body digital photography (TBP) 

 

- with the aid of short or long-term monitoring via SDDI 

 

Patients at high-risk clinics had full skin checks every four or six months if the last melanoma 

was within the previous five years or had full skin checks once a year if the last melanoma 

occurred more than five years ago. Patients are advised to refer to their TBP images for self- 

skin examinations to find any lesions of concern in between their regular skin checks. A clinic 

photographer first recorded clinical and dermoscopy images if a lesion was identified by 

dermatologists for monitoring with SDDI during the full skin examination. Patients returned to 

the clinic within three months or six months to obtain a dermoscopy image taken at the clinic for 

comparison so that the dermatologist could triage. These are referred to as short-term 

monitoring or long-term monitoring via the SDDI. Triage of skin lesions occurred in three 
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ways: excision, digital monitoring (three or six months), or review at their scheduled visit (four 

months, six months, or one year), and participants were informed of the decision at these visits. 

All records of visits, treatments and histopathological reports were stored in electronic medical 

records. These data provided historical data for the year before the intervention. 

 

2.5 Study Procedure: Intervention with Mobile Teledermoscopy 

 

We informed the participants how to operate the portable dermatoscope, MoleScopeTM, 

attached to their mobile devices and recorded and transmitted these images via the 

MoleScopeTM app. Dermatologists reviewed dermoscopy images remotely on a secure web- 

based platform, DermEngineTM (MetaOptima, Vancouver, Canada), linked directly to the 

MoleScopeTM app via a web-based cloud and used at clinics in both the MIA and SMDC. We 

performed triage of the lesion(s), and participants were informed of the decision by phone to 

proceed with the standard of care. The study spanned over a year for each patient at the time 

of recruitment. During the study period, the visits for full skin checks remained as per their 

schedule, that is, at four, six or 12 months. 

 

Our study did not receive any sponsorship from MetaOptima. The portable dermatoscopes 

were part of the dermatology clinic inventory at the MIA, and provided to the participants 

without charge. The MoleScopeTM app is free to download. Participants were not paid to 

participate and were not charged for providing transmissions via the app. 

 

A. Clinical practice during the study 

 

We performed mobile teledermoscopy in two scenarios: 

 

1. via doctor-initiated sequential digital dermoscopy imaging (for monitoring) 
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Their specialists identified skin lesion(s) for short-term or long-term SDDI during routine full 

skin examination; participants had to transmit a follow-up dermoscopy image within three or 

six months, respectively. The clinic photographer recorded the initial dermoscopic images of 

lesions identified for SDDI with a Dermlite Dermatoscope DL4 (DermLite LLC, San Juan 

Capistrano, California) attached to an iPhone 6S Plus (Apple Inc., Silicon Valley, California), 

and the images were uploaded via the MoleScopeTM app. Clinical photos were taken with the 

iPhone 6S Plus built-in camera (12 megapixels) via the app. The participants had to take a 

follow-up dermoscopy image with the portable dermatoscope in three or six months and 

transmit it to their dermatologists (Professor Pascale Guitera or Dr Helena Collgros) via the 

app. The dermatologist was informed of the transmission to review via email and reminded, as 

it continued to appear on the front page of their accounts on the secured web-based platform 

daily until the dermatologist reviewed it. Dr Arthur Martin and the clinic photographers 

ensured that the respective dermatologists reviewed all transmissions during usual practice at 

the clinic. Additionally, the participants were asked to contact their dermatologists if they did 

not receive a phone call or email regarding a decision on the lesion. 

 

We entered reminders of the planned date of mobile teledermoscopy transmission into the 

electronic medical records. The researchers and clinic photographers checked the participants’ 

accounts on a web-based platform for transmission. Participants were reminded via email if the 

transmission was not performed. Included in the email were the following: 

 

• link to the video with step-by-step instructions on how to use the MoleScopeTM device 

 

• the above tips for taking images with the MoleScopeTM device 

 

• the spot number on the MoleScopeTM app that identifies the lesion for monitoring with 

SDD 
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• the contact number of the primary researcher, Dr Arthur Martin 

 

A reminder was set in the app on the participant’s mobile device when a lesion was identified 

for SDDI. The reminder alerted the patient to send a transmission and email to inform the 

researcher, Dr Arthur Martin. 

 

2. via patient-initiated lesions of concern 

 

Participants were encouraged to refer to their TBP images for self-skin examinations or any 

concerning lesions they find. When decidedly concerned about a lesion to require the doctor’s 

assessment, the participant took a clinical image of the part of the body with the lesion of 

concern using their mobile devices, followed by a dermoscopy image of the lesion using a 

portable dermatoscope adapted to their mobile devices. Transmissions were reviewed similarly 

and triaged, as mentioned above (see page above, i). The patient sent an email to the researcher 

when there was a lesion(s) of concern. We utilised such an alternative method because it was 

technically difficult for the company that supported the dermatoscope and its app, 

MetaOptima™, to set-up. The software could not differentiate a trial participant from a patient 

usually charged for transmission via the app. 

 

To assess the impact of the COVID-19 pandemic on the number of transmissions for lesions 

of concern, we also looked at participants who were recruited three to six months before 25 

January 2020, the date of the first Australian case of COVID-19. These participants would have 

been allowed time for concerns regarding their skin to occur. Participants recruited within three 

months before the pandemic may not have time to perform self-skin examinations at home to 

find lesions of concern, artificially reducing the number of transmissions before COVID-19. 
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B. Cost 

 

We used the Medicare Benefits Scheme (MBS), governed by the Australian Commonwealth 

Government, to guide the cost of data collection. Three types of costs were calculated for each 

service provided to the participants. 

 

• Cost to the healthcare system 

 

• Cost to the patient 

 

• Cost of care 

 

‘Cost-to-healthcare system’ is the amount of rebate provided by MBS. Based on MBS, rebates 

should be 85% of the recommended fee for each service; the ‘cost to patient’ is the out-of- 

pocket fee paid by the participant, equivalent to the remaining 15%. Therefore, the 

recommended scheduled fee on MBS, labelled as ‘cost of care’, was the combination of the 

MBS rebate and the out-of-pocket fee paid by the participant. 

 

We calculated the cost of usual practice based on all face-to-face visits, diagnostic tools and 

treatments one year before the mobile teledermoscopy intervention. The data were available 

from the electronic medical records system of the clinics. 

 

Medicare rebate is used in conventional visits and treatments in usual practice. To achieve a 

realistic scenario of practice, we applied the MBS 85% rebate to two diagnostic interventions 

that have no rebate yet: total body photography, represented at $182 and imaging of individual 

lesions by the clinic photographer for SDDI at $52 when there were 1–3 lesions and $84 when 

there were 4–10 lesions. These values were derived from the fee schedule used in both tertiary 

centres to enable a cost-comparison study with historical data. 
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The cost of teledermatology intervention encompassed that of usual practice, with the addition 

of mobile teledermoscopy. An arbitrary cost-to-healthcare system of $40.00 for each mobile 

teledermoscopy transmission enabled a realistic understanding of the economic effect this 

intervention had on the participants and the healthcare system without actually costing the 

patient. This amount was significantly less than that of a visit to have a photo taken by the 

clinical photographer and reviewed by their dermatologist, as well as the travel fees incurred. 

It was also less than that noted in a previous Australian survey ($61–120) and past international 

surveys and interventional studies ($20–$500, median $100).(26) The arbitrary $40 cost to the 

healthcare system for every transmission was equivalent to 85% of a postulated MBS- 

scheduled fee of $47, also known as the total cost of care in the study. Other diagnostic 

interventions performed by dermatologists in the clinics were fully paid privately by the patient 

and included in the ‘cost to patient’. 

 

The cost aspect of the study was conducted under the supervision of A/Professor Rachael 

Morton for comparison with historical data. 

 

C. Psychological aspects 

 

Regarding psychological assessment, we measured HRQOL with the aid of the Assessment of 

Quality of Life (AQOL)-8D Multi-Attribute Utility Instrument (see Appendix C), along with 

the severity subscale of the FCRI (Appendix D). AQOL-8D had demonstrated higher 

sensitivity to FCRI, and the FCRI had a significant association with HRQOL in patients with 

melanoma.(43,44) The participants completed these two questionnaires before the study 

(during the initial visit, as mentioned in the recruitment section). These two questionnaires 

were completed by participants at the end of the study period of one year for Cohort 1 and three 

months for Cohort 2 upon returning their devices. A third questionnaire was used to assess 

receptivity and confidence in mobile teledermoscopy. Perceived justifiable prices for a portable 
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dermatoscope and teleconsultation via mobile teledermoscopy were also assessed (see 

Appendix L). These data were then analysed under the supervision of A/Professor Nadine 

Kasparian, a medical psychology researcher. 

 

(see Appendix M for details of the types of data collected) 

 

2.6 Data Analysis 

 

R Studio software (version 2022.02.2, Delaware Public Benefit Corporation, Boston, USA) 

was used for all statistical data analyses, except for data on AQoL-8D, which were analysed 

with SPSS (version 28, International Business Machines, Armonk, USA). Data analysis was 

performed with the supervision and guidance of Dr Serigne Lo, a senior biostatistician at the 

MIA. 

 

2.6.1 Demographic characteristics and their association with the number and quality of 

mobile teledermoscopy transmissions 

 

We studied the effect of the participant’s background on their interaction with a portable 

dermatoscope and its app. We initially investigated the proportion of satisfactory images—that 

is, the proportion of evaluable images against the total number of images transmitted for each 

participant. We later explored the impact of the demographic aspects on the total number of 

images transmitted and the total number of satisfactory images transmitted. The proportion of 

satisfactory images did not provide a complete evaluation when the participants sent only one 

image. 

 

A normality test of our data using both the Shapiro–Wilk normality test and histogram 

representation on the effect of each demographic aspect of our participants on the image quality 

of transmissions showed that the data were not normally distributed; the values for the variables 

(number of satisfactory images, total number of images, and proportion of satisfactory images) 
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were skewed. Instead of a one-way analysis of variance for normally distributed data, we used 

the Wilcoxon rank-sum test for two independent groups and the Kruskal–Wallis rank-sum test 

for three or more independent groups in each demographic aspect, with the null hypothesis that 

there was no difference in the median between the groups in each demographic aspect. We 

tested the significance of differences using the post-hoc Dunn test and applied Welch’s t-test 

to determine the mean difference with a 95% confidence interval (CI). 

 

2.6.2 Effect of mobile teledermoscopy on clinical and histological parameters. 

i. Visit interval (from Cohort 1) 

 

Any change in the interval between the dates of excision and the last dermatologist visit would 

reflect the change in time-to-treatment, that is, a measure of time taken to detect a lesion for 

treatment, measured in two ways: 

 

a. Patient-based data = where the average of the time intervals from all excisions for each 

patient was derived. The matched data of only participants with excisions from both 

pre-and post-interventions were included. Using the Shapiro–Wilk normality test, the 

data were found to be normally distributed (p = 0.380) and, therefore, evaluated using 

a paired t-test. 

 

b. Lesion-based data = time interval recorded for each excised lesion. The unmatched data 

were not normally distributed according to the Shapiro–Wilk normality test and 

histogram representation. Therefore, the Wilcoxon rank-sum test for two independent 
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groups was performed using Welch’s t-test to determine the mean difference with a 

95% CI. 

 

We did not account for the time interval between excision and actual diagnosis to exclude 

confounding factors from the preparation of the slides and the pathologists’ workflow. 

 

ii. Number of visits 

 

The number of visits from each type of medical practitioner (GP, dermatologist and surgeon) 

was recorded and compared with the historical data for Cohort 1. Data were analysed with a 2- 

sample Wilcoxon signed-rank test for matched pre-/ post-intervention (not of a normal 

distribution from the Shapiro–Wilk normality test and histogram representation). 

 

The number of visits averted by mobile teledermoscopy with the transmission of lesions 

identified by the doctor for short- or long-term SDDI or lesions of concern initiated by the 

participants in cohorts 1 and 2. A visit was averted when an episode of transmission only 

included: 

 

1. lesions considered benign/ ‘FINE’ 

 

2. lesions for ongoing mobile teledermoscopy monitoring 

 

3. short-term SDDI/ ‘STM’ and long-term SDDI/ ‘LTM’ 

 

4. combination of a likely benign lesion for ongoing SDDI 

 

5. Retaking of transmission of lesion that was benign/ ‘FINE’. 

 

The number of visits fast-tracked by mobile teledermoscopy was derived from transmissions 

of a lesion of concern requiring treatment or clinical review in Cohort 1 only. The proportion 
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of fast-tracked visits was attained by dividing the number of fast-tracked visits by the total 

number of potential visits for lesions of concern. 

 

iii. Other clinical and histopathological parameters 

 

The number of excisions, benign lesions, malignant lesions, naevi, melanoma and NMSC, 

mean Breslow thickness of melanomas, the number of patients with excisions, benign-to- 

malignant ratio and naevus-to-malignant ratio, the number of patients with excisions and 

without excisions, and the highest number of excisions per patient (from Cohort 1) were 

recorded and compared with historical data. 

 

Note: Qualitative data analysis of histopathological parameters (ii–iii) was not normally 

distributed based on the Shapiro–Wilk normality test and histogram representation. Therefore, 

a 2-sample Wilcoxon signed-rank test for matched sample size data pre- and post-intervention 

(i.e., number of participants, n = 75) was performed for each category. We performed a paired 

t-test to determine the mean difference and 95% confidence intervals to check the p-value for 

significance. Any statistical significance was tested with the Dunn test as a post-hoc analysis 

and the paired t-test to find the mean difference with 95% CI. The lesion-based visit interval 

was the exception requiring the Wilcoxon rank-sum test because the sample size, that is, the 

number of lesions excised pre- and post-intervention, was different (n = 92 and n = 71, 

respectively). 

 

iv. Treatment concordance/ discordance (from cohorts 1 and 2) 

 

A comparison of the management of lesions after assessment via patient-led teledermoscopic 

intervention and face-to-face visits was performed. Treatment concordance occurs when the 

management from either method of evaluation is the same, and treatment discordance occurs 

when the management from either method is different. Significant discordance was observed 
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when the management from one method of assessment was excision/biopsy or treatment (for 

example, cryotherapy or 5-fluorouracil for AK or imiquimod for BCC), but other methods of 

evaluation were either benign/ ‘FINE’ or to monitor. Any lesion requiring clinical review after 

the teledermoscopy assessment was excluded because it could not be managed with a review 

in the clinic at a conventional assessment. 

 

The agreement reliability between nominal variables, Gwet’s coefficient (AC1), was used to 

measure the strength of the concordance between treatment decisions made by teledermoscopy 

and face-to-face visits for every lesion in which teledermoscopy transmission was performed. 

(45) We used the benchmark scale of Landis and Koch (1977) to qualify the degree of treatment 

concordance (46): 

 

AC1 value Degree of treatment concordance 

<0 Poor 

0 – 0.2 Slight 

0.2 – 0.4 Fair 

0.4 - 0.6 Moderate 

0.6 – 0.8 Substantial 

0.8 - 1 Almost perfect 
 

 

 

v. Sensitivity, specificity, positive and negative predictive values (from cohorts 1 and 2) 

 

The accuracy of mobile teledermoscopy in diagnosing melanoma and other skin cancers was 

evaluated using 2 x 2 tables against the assessment from mobile teledermoscopy. A ‘positive’ 

outcome of transmission was when the lesion was diagnosed as skin cancer or melanoma on 

histology or treated as skin cancer/ pre-cancer. A ‘positive’ assessment of transmission was 

one that required treatment or immediate review in the clinic. The definitions are as follows: 
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• ‘true positive’ = skin cancer/ pre-cancerous lesion or melanoma that required urgent 

review in clinic/ ‘CLINIC RV’ or had to be excised/ ‘EXCISE’ on teledermoscopy 

assessment. 

 

• ‘false positive’ = benign lesion that required urgent review in clinic/ ‘CLINIC RV’ or 

had to be excised/ ‘EXCISE’ on teledermoscopy assessment. 

 

• ‘true negative’ = histologically proven benign lesion or lesion that did not require 

immediate treatment or review and was also considered benign or for monitoring on 

teledermoscopy assessment. 

 

‘false negative’ = skin cancer/ pre-cancerous lesion or melanoma considered benign or for 

monitoring from teledermoscopy assessment. 

 

2.6.3 Effect of mobile teledermoscopy on the cost to the healthcare systems and patients 

 

In Cohort 1, we calculated the aggregated cost of all doctor visits regarding skin examinations, 

photography and lesion excisions. The approximate cost of transmission via mobile 

teledermoscopy was also considered. We then performed a comparative cost study of the data 

from the year before and after the study. In Cohort 2, we analysed data from the transmission 

of lesions for SDDI via mobile teledermoscopy. We compared the study cost data with a cost 

model if SDDI was performed during face-to-face visits instead. An all-cost analysis was 

performed as follows: (i) cost to healthcare, (ii) cost to the patient, and (iii) cost of care 

(healthcare cost accounted for 85% and cost to patient privately accounted for 15%). Normality 

testing of the matched data on the above parameters concluded that our data were not normally 

distributed on the Shapiro–Wilk normality test and the histogram representation of data. The 

Wilcoxon signed-rank test was employed to test the null hypothesis that there was no difference 
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between the pre-and post-intervention medians. All-cost data ($) were recorded in Australian 

dollars. 

 

2.6.4 Effect of mobile teledermoscopy on quality of life and its level of acceptance 

 

From cohorts 1 and 2, the AQoL-8D and FCRI severity scales were collated before and after 

the study. Potential differences between the study and historical data were to be examined using 

Pearson’s chi-squared tests or t-tests. There were 77 recruited participants who completed these 

questionnaires before the intervention. However, only 11 participants returned to the clinic to 

complete the post-intervention HRQOL questionnaires during the COVID-19 pandemic. We 

decidedly stopped data collection as there may be confounding effects of the pandemic and the 

long delay. There was insufficient data to analyse the effect of mobile teledermoscopy on 

HRQOL. We obtained completed questionnaires about teledermoscopy usage from 28 

participants – with the additional 17 participants we managed to contact. We described the 

confidence and acceptance levels of mobile teledermoscopy on a Likert scale and reported the 

mean score for each questionnaire item. The average specified prices of a portable 

dermatoscope and a teleconsultation were also reported. 

 

2.7 Data Management and Privacy 

 

The study data were captured on REDCap (Vanderbilt University, Nashville, TN, USA), a 

secure, password-protected web-based data collection tool. It was accessible only to 

investigators on the password-protected intranet and computers at the MIA and SMDC. 

 

Dermoscopy images from the clinic or patient’s transmission were stored in a secure cloud via 

the DermEngineTM platform, and MetaOptimaTM was maintained. This company designed, 

produced and owned DermEngineTM and the portable dermatoscope MoleScopeTM. 
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We protected the participants’ identities by providing an identification number for each 

participant, and the final report did not include their names. Other items were replaced with 

numerical representations, including marital status, country of birth, religion, highest education 

level, and salary per annum, to further protect the participants’ identity and privacy. 
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Chapter 3: Results 
 

 

3.1 Recruitment 

 

We sent invitations to 495 patients from two high-risk clinics for Cohort 1. Thirty-five per cent 

of these patients (173/495) had not attended high-risk clinics for five years or more, leaving 

322 patients for potential recruitment, as in Figure 3.1. Two hundred invitations (62%, 

200/322) had no response. The participation rate in Cohort 1 was 19% (60/322). We identified 

the following reasons for non-participation. 

 

1. Sixteen patients did not use any compatible devices. 

 

2. Thirty-three participants were uninterested and preferred conventional face-to-face 

visits. 

 

3. Four patients were considered unsuitable for the study. 

 

The dropout rate was 25% (15/60), with most participants or their partners/assistants being 

overwhelmed by the new technology (8/15; mean age 67 years; four females, four males), and 

the rest preferred to revert to conventional practice (7/15, mean age 50; four females, three 

males). Therefore, 45 participants were recruited in Cohort 1 from 22 July 2019 to 10 February 

2020 and performed mobile teledermoscopy over one year. 

 

The recruitment rate was 100% (n = 33) in Cohort 2. The dropout rate was 9% (3/33) because 

conventional visits were preferred (n = 3). Therefore, the second cohort had 30 participants 

recruited from 22 May 2020 to 11 September 2020, who had provided transmissions via mobile 

teledermoscopy for the short-term SDDI of lesions over three months. The pooled participation 

rate was 26% (93/355), and the pooled dropout rate was 19% (18/93). 
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1-year study 

45 

Analysis of 

i. Quality of transmissions / treatment concordance, n=75 

ii. Pre- and post-intervention parameters, n=45 

3-month study 

30 

Recruited 

33 
Recruited 

60 

Total responded 
n = 122 

Attending SMDC/MIA 

n =322 

First cohort 

Invitations sent to 
SMDC: 382, MIA: 113 

n = 495 

 

 
 

Non-attendance for ≥ 5 years 173 
 

 

 

 

 

No response 200 
 

 

 

 

 

 
Patients’ non-participation 42 
Not interested in participating 33 

Unable to attend recruitment 9 

Researcher’s omission 20 
No compatible device/ internet 16 
Not suitable for other reasons 4 

 

 

 

 

3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.1 Recruitment process of the MOBILEMEL study 

Second cohort 

Invitations at appointment at MIA 

n = 33 

Dropout 15 
Overwhelmed by study 8 
Preferred conventional visits 7 
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3.2 Transmission 

 

There were 302 intended mobile teledermoscopy transmissions (191 from Cohort 1 and 111 

from Cohort 2), of which 22% (67/302) were for lesions of concern initiated by participants 

and 78% were for SDDI (235/302). Of the latter, 82% were transmitted (192/235), and 18% 

were not provided by participants (43/235). About half of non-transmissions (9%) were due to 

participant’s preference for a face-to-face visit instead (22/43), and the rest were forgotten 

despite repeated reminders (9%; 21/235). Therefore, 259 transmissions were provided for 

analysis altogether. There were 155 transmissions provided by Cohort 1 studied over a year 

(60%; 155/259). Transmissions were either for lesions of concern (67/155) or short-term SDDI 

(67/155), which made up 43% of transmissions each. Only 14% (18/155) of the transmissions 

were provided by participants as long-term SDDI. Cohort 2 contributed 104 transmissions 

(40%; 104/259) solely for short-term SDDI over a 3-month follow-up (Table 3.1). The number 

of transmissions for lesions of concern increased from eight before to 38 after the COVID-19 

pandemic started (provided by 22 participants in Cohort 1 recruited 3–6 months before). All 

but one of the 38 transmissions were sent within six months of the pandemic. 

 

Evaluable images made up 78% of transmissions (201/259), with 22% of transmissions having 

poor quality (57/259) due to user-technicality issues (Table 3.2). 

 

• 51% of the poor-quality transmissions were due to movement (29/57). 

 

• 24% had poor contact with the skin (14/57). 

 

• 23% had insufficient gel application (13/57). 

 

• One transmission did not have gel applied at all. 
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Notably, one transmission for SDDI had imaged the wrong lesion; however, the dermatologist 

reviewed the original lesion as benign during the next face-to-face visit. 

 

Table 3.1 Number of mobile teledermoscopy transmissions initiated by reason 

 

 
Reason 

Cohort 1 

(n = 155, %) 

Cohort 1 and 2* 

(n = 259, %) 

LOC 67 (43) 67 (26) 

STM 67 (43) 171 (66) 

LTM 21 (14) 21 (8) 

* Cohort 2 had 104 transmissions for STM; 

 
Abbreviations: LOC, lesion of concern; STM, lesion for SDDI over three months; LTM, lesion for SDDI over six 

months; MIA, Melanoma Institute of Australia; SMDC, Sydney Melanoma Diagnostic Centre; COVID-19, 

patients recruited from MIA during the COVID-19 pandemic for short-term monitoring over three months. 

 

 

 

 

Table 3.2 Number and proportion of sent transmissions assessed as satisfactory or poor 

quality 

 
Quality 

Cohort 1 

(n = 155, %) 

Cohort 2 

(n = 104, %) 

Total 

(n = 259, %) 

satisfactory 131 (85) 70 (68) 201 (78) 

poor – due to movement 7 (4.5) 22 (21) 29 (11) 

poor - insufficient gel 5 (3) 8 (7) 13 (5) 

poor - no gel - 1 (1) 1 (0.5) 

poor - poor contact 11 (7) 3 (3) 14 (5) 

wrong lesion 1 (0.5) - 1 (0.5) 

 

 

One-third of the 259 transmissions were from the lower limb, with 88 transmissions, the most 

common region of the body (X2=171, df=6, p<0.01). The upper limbs (23%; 60/259) and back 

(24%, 61/259) were the second most common regions of transmission (Table 3.3). Nearly equal 

numbers of right-sided (43%; 110/259) and left-sided (47%; 121/259) lesions underwent 

teledermoscopy transmission (Table 3.4). 
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Table 3.3 Number of transmissions from different regions of the body 

 

 
Region 

No. of transmissions 
(n = 259, %) 

head and neck 19 (7) 

chest 14 (5) 

abdomen 17 (7) 

back 61 (24) 

upper limb 60 (23) 

lower limb 88 (34) 

genitalia and suprapubic 0 

 

 

 

 
Table 3.4 Number of transmissions from the sides of the body 

 

 
Side 

No. of transmissions 
(n = 259, %) 

right 110 (42) 

left 121 (47) 

midline 28 (11) 

 

 

 

3.3 Demographic Characteristics and their Association with Mobile 

Teledermoscopy Transmissions 

3.3.1 Demographics 

 

The demographics was as follows (and summarised in Table 3.5): There were 40 men (53%) 

and 35 women (47%). The participants ranged from 28 to 82 years, with a mean age of 54 

years. The young-aged population (15–39 years) comprised 17% (13/75) of the participants, 

the middle-aged population (40–64 years) comprised 62% (46/75), and the older-aged 

population (65 years and older) accounted for 21% (16/75). There were 61 participants born in 

Australia, five born in the UK, two born in South Africa and one from each of the following 

countries: Brazil, Czech Republic, Greece, Papua New Guinea, the USA, Zimbabwe 
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and Scotland. Apart from the 61 participants born in Australia, 71% of the remaining patients 

were from countries with English as their official language (10/14, including the UK, South 

Africa, the USA, Scotland and Papua New Guinea). One participant lived alone but had a 

partner who came over and helped. 

 

About half of the participants had a household size of two (51%; 38/74), nearly equal numbers 

had a household of three or four people (12/74), and three participants had the largest household 

size of six. Sixty-eight participants were married (91%); two participants had de facto partners, 

two divorcees, one single male, and six whose spouses had passed away. One participant did 

not inform us of household size for personal reasons. 

 

Fifty-three participants (70%) completed tertiary-level education at or higher than a diploma, 

while 21 patients had gained certificates III–IV, secondary level education or lower. The same 

participant wanted to keep this personal detail private. 

 

Forty per cent of the participants (29/73) had an annual household income of more than 

 

$180,000, and 53% (39/73) had a yearly income between $37,000 and $180,000. Half of the 

participants were working full-time, and almost one-third were retirees. Two participants were 

unable to release this information because of their sensitivity. 

 

Most participants used an iPhone compatible with the teledermoscopy attachment (66/75). The 

most commonly used smart device compatible with MoleScopeTM was the iPhone 7 (13/75) 

or 8 (13/75). 

 

Fifty-six of the 75 participants (85%) had assistance from their partners or spouses, 11 had 

assistance from their children, and one had her mother to help. 
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Table 3.5 Demographics of participants from cohorts 1 and 2 

 

Frequency, No. (Proportion in %) 

Characteristic Cohort 1 Cohort 2 Total 

Age, mean (SD; range) 57.5 48.8 54.0 (12.5; 28–82) 

Gender    

Female 17 (38%) 18 (60%) 35 (47%) 

Male 28 (72%) 12 (40%) 40 (53%) 

Country of Birth    

Australian, English-speaking 34 (75%) 27 (90%) 61 (82%) 

Non-Australian, English-speaking 8 (18%) 2 (7%) 10 (13%) 

Non-Australian, non-English-speaking 3 (7%) 1 (3%) 4 (5%) 

Marital status    

Single 0 2 (7%) 2 (3%) 

Married 41 (92%) 27 (90%) 68 (90%) 

De facto 2 (4%) 0 2 (3%) 

Separated/ Divorced/ Widowed 2 (4%) 1 (3%) 3 (4%) 

Highest level of education    

Year 11 or below 4 (9%) 1 (3%) 5 (7%) 

Year 12 3 (7%) 4 (14%) 7 (9%) 

Certificate III/IV 8 (18%) 1 (3%) 9 (12%) 

Advanced Diploma 5 (11%) 5 (17%) 10 (14%) 

Bachelor 15 (33%) 12 (40%) 27 (36%) 

Graduate diploma/certificate 4 (9%) 3 (9%) 7 (9%) 

Post-graduate 5 (11%) 4 (14%) 9 (12%) 

Data not available 1 (2%) 0 1 (1%) 

Household annual income    

Negative income 0 0 0 

No income 1 (2%) 1 (3%) 2 (3%) 

$0.01 – $18 200 1 (2%) 0 1 (1%) 

$18,201 – $37,000 2 (4%) 0 2 (3%) 

$37 001 – $87 000 13 (29%) 5 (17%) 18 (24%) 

$87 001 – $180 000 16 (36%) 5 (17%) 21 (27%) 

> $180 000 10 (23%) 19 (63%) 29 (39%) 

Data not available 2 (4%) 0 2 (3%) 
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3.3.2 Association of demographic characteristics with the Proportion of Satisfactory 

Mobile Teledermoscopy Images Transmitted 

 

Demographics did not influence the proportion of satisfactory images transmitted (Table 3.6). 

 
Table 3.6 Demographic characteristics and the mean proportion of satisfactory images 

 
 

 
Variable 

Male 
(n = 40) 

Female 
(n = 35) 

 
p-value 

Proportion of satisfactory images 

mean (sd) 0.69 (0.42) 0.67 (0.42) 0.909 

median (IQR) 1 (0.625) 1 (0.75)  

 
 

Variable 
Age 15 - 39 years 
(n = 13) 

Age 40 - 64 years 
(n = 46) 

Age > 65 years 
(n = 16) 

 
p-value 

Proportion of satisfactory images 

mean (sd) 0.85 (0.23) 0.70 (0.42) 0.51 (0.48) 0.192 

median (IQR) 1 (0.26) 1 (0.67) 0.5 (1.00)  

 
 
 

Variable 

 

Australia 

(n = 61) 

English-speaking, 

non-Australian 
(n = 10) 

Non-english-speaking, 

Non-Australian 

(n = 4) 

 
 

p-value 

Proportion of satisfactory images 

mean (sd) 0.67 (0.42) 0.78 (0.37) 0.63 (0.48) 0.609 

median (IQR) 1 (0.80) 1 (0.38) 0.75 (0.63)  

 

 
 

Variable 

Household size 1–

2 persons 
(n = 39) 

Household size 

3 persons 
( n = 12) 

Household size 

≥ 4 persons 
(n = 23) 

 
 

p-value 

Proportion of satisfactory images 

mean (sd) 0.61 (0.42) 0. 80 (0.40) 0.73 (0.42) 0.226 

median (IQR) 0.75 (0.80) 1 (0.08) 1 (0.45)  

 

 
 

Variable 

Tertiary level 

education 
(n = 53) 

Secondary level 

education 
(n = 21) 

  
 

p-value 

Proportion of satisfactory images 

mean (sd) 0.68 (0.41) 0.67 ( 0.46)  0.928 

median (IQR) 1 (0.67) 1 (1.00)   

 

 

Variable 

 

Household income 

< $37,000/year 

(n = 5) 

 

Household income 

$37–180,000/year 

(n = 39) 

 

Household income 

> $180,000/year 

(n = 29) 

 

 

p-value 

Proportion of satisfactory images 

mean (sd) 1 (0) 0.67 (0.44) 0.63 (0.41) 0.176 

median (IQR) 1 (0) 1 (0.85) 0.8 (0.75)  
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3.3.3 Association of Demographic Characteristics with the Total Number of Mobile 

Teledermoscopy Images Transmitted 

 

The total number of transmissions via mobile teledermoscopy ranged strikingly from 1 up to 

 

17 transmissions per participant. Investigation of the association between demographic 

characteristics and the total number of transmissions found a significant association with the 

highest education level attained (Table 3.7). 

 

 
Table 3.7 Highest education level in relation to (i) the total number of images and (ii) the 

number of satisfactory images transmitted 

 
 

 
Variable 

Tertiary education 
(n = 53) 

Secondary education 
(n = 21) 

Mean difference 
(95% CI) 

 
p-value 

Total number of images 

mean (sd) 4.60 (4.11) 2.71 (2.85) 1.89 (0.20 to 3.57) 0.015* 

median (IQR) 3 (3) 2 (3)   

Number of satisfactory images 

mean (sd) 3 (3.60) 1.95 (2.92) 1.05 (–0.58 to 2.67) 0.056 

median (IQR) 2 (3) 1 (2)   

 

 

Participants who attained a tertiary-level education provided more images than those whose 

highest level was certificate III/IV, high school or below (the mean number of images was 4.60 

and 2.71, respectively, p=0.015). The mean difference in the total number of images between 

the two groups was 1.89 (95% CI 0.20–3.57). However, there was only a borderline association 

of education level with the absolute number of satisfactory images (p = 0.056; mean difference, 

1.05; 95% CI –0.58 to 2.67) (Figure 3.2). 



55  

 

 
Figure 3.2. Boxplot of the effect of education level on total number of images transmitted 

 

 

 
3.3.4 Association of Demographic Characteristics with the Absolute Number of 

Satisfactory Mobile Teledermoscopy Images Transmitted 

 

Further investigation showed that age was significantly associated with the number of 

evaluable images during transmission (p = 0.018; Table 3.8). 

 

 
Table 3.8 Age in relation to (i) the total number of images and (ii) the number of 

satisfactory images transmitted 

 
 

Variable 
Age 15 - 39 years 
(n = 13) 

Age 40 - 64 years 
(n = 46) 

Age > 65 years 
(n = 16) 

 
p-value 

Total number of images 

mean (sd) 4.92 (4.46) 3.98 (3.59) 3.44 (4.24) 0.328 

median (IQR) 4 (4) 2 (3) 2 (3)  

Number of satisfactory images 

mean (sd) 4 (3.70) 2.52 (2.89) 2.06 (4.43) 0.018* 

median (IQR) 3 (4.0) 2 (2.5) 1 (1.0)  
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Post-hoc analysis showed that younger participants, 15 to 39 years of age, provided more 

evaluable images compared to the elderly who were 65 years or older (mean number of 

satisfactory images were 4 and 2.06, respectively; unadjusted p=0.005; Bonferroni method 

adjusted P = 0.014), as shown in Figure 3.3. The mean difference in the number of images 

between the two groups was 1.89 (95% CI 0.20 to 3.57) / 1.94 (p = 0.210, 95% CI –1.16 to 

5.04). Age did not significantly affect the total number of images transmitted (p = 0.328). 

 

 
Figure 3.3 Boxplot of the effect of age on number of satisfactory images transmitted 

 

 

 
3.4 Clinical and Histopathological Parameters 

 

3.4.1 Qualitative Analysis 

 

For Cohort 1, a statistical comparison of the clinical and histopathological parameters between 

the interventional and historical data showed a general reduction in all parameters except for 

the number of melanomas. (Table 3.9) There was a significant reduction in the patient-based 

visit intervals by 50 days (95% CI –97 to –3, p = 0.039) (see Figure 3.4), but a smaller reduction 
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in the lesion-based visit intervals by 19.5 days that was not statistically significant (95% CI – 

54.1 to 15.1, p = 1.000). 

 

 
Table 3.9 Qualitative comparison of means and medians of clinical and histopathological 

parameters from 1one year of data pre- and post-intervention with mobile 

teledermoscopy 

 

 
Variable 

 
Pre-intervention 

 
Post-intervention 

Mean difference 
(95% CI) 

 
p-value 

Visit interval (days) - patient-based 

mean (sd) 193 (124) 143 (85) –50 (–97.0 to –3.0) 0.039* 

median (IQR) 181 (91) 119 (73)   

Visit interval (days) - lesion-based 

mean (sd) 161 (134) 142 (90) –19.5 (–54.1 to 15.1) 1.000 

median (IQR) 125 (127) 131 (91)   

Number of doctor visits     

mean (sd) 3.7 (2.2) 3.4 (2.3) –0.33 (–0.82 to 0.15) 0.094 

median (IQR) 3 (1) 3 (2)   

Number of excisions     

mean (sd) 2.04 (3.61) 1.58 (1.96) 0.47 (–1.26 to 0.32) 0.325 

median (IQR) 1 (2) 1 (2)   

Number of benign lesions excised 

mean (sd) 0.80 (1.55) 0.67 (1.02) –0.13 (–0.54 to 0.27) 0.532 

median (IQR) 0 (1) 0 (1)   

Number of malignant lesions excised 

mean (sd) 1.24 (3.02) 0.91 (1.50) –0.33 (–1.06 to 0.34) 0.494 

median (IQR) 0 (1) 0 (1)   

Number of naevi excised 

mean (sd) 0.53 (1.39) 0.47 (0.79) –0.07 (–0.40 to 0.27) 0.771 

median (IQR) 0 (0) 0 (1)   

Number of melanoma excised 

mean (sd) 0.42 (0.99) 0.42 (0.81) 0 (–0.27 to 0.27) 0.979 

median (IQR) 0 (0) 0 (1)   

Number of non-melanoma skin cancer excised 

mean (sd) 0.82 (2.79) 0.49 (1.20) –0.33 (–0.96 to 0.29) 0.187 

median (IQR) 0 (1) 0 (0)   
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Figure 3.4 Boxplot of patient-based visit interval pre and post-intervention 

 
We noted a reduction of the visit interval for the excision of melanomas by 8 days (pre-125 vs. 

post 117, 95% CI –89 to 72; p=0.267) and keratinocytic cancers by 28 days (pre-189 vs. post 

162, 95% CI –87 to 31; p=0.645). The changes in other parameters were also not significant (p 

> 0.05). 

 

3.4.2 Quantitative Analysis 

 

There was a general decreasing trend for the clinical and histopathological parameters one 

year before and after the study for Cohort 1 (Table 3.10). 

 
 

(i) Clinical parameters: There were 21 fewer total excisions. We saw minimal change in the 

number of participants with excisions. Additionally, five full-thickness skin grafts and four 

skin flap repairs were performed on two patients of the 92 lesions excised pre-study. Only 1 

out of the 71 lesions excised during the study required repair with a skin flap. 
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Table 3.10 Clinical and histopathological parameters from cohorts 1 and 2 

 

Frequency, No. (*, diagnosed via mobile teledermoscopy) 
  Pre-intervention    Intervention  

 Cohort 1  Cohort 1 Cohort 2 Total 

Clinical    

Visit interval mean in days – by patient 193  143 - - 

Visit interval, mean in days – by lesion 161  142 - - 

Number of doctor visits 167  152 - - 

Dermatologist 132  122 - - 

Surgeon 21  18 - - 

General practitioner 13  12 - - 

Number of doctor visits per patient, mean 3.7 (2.2)  3.4 (2.3) - - 

Total no. of excisions 92  72 11 83 

no. of participants with excision 29  30 10 40 

no. of participants without excision 16  15 20 35 

highest number of excision in one participant 19  7 2 - 

median no. of lesions excised per participant 1  1 1 - 

 Histopathological     

Benign 36  30 9 39 

Malignant 56  41 2 43 

Benign: Malignant ratio 1 : 1.6  1 : 1.4 - - 

No. of melanomas 19  19 0 19 

Breslow thickness - median; range (mm) 0; 0–0.65  0; 0–0.7 0 0; 0–0.07 

Melanoma substage      

In situ 18  15 (3*) - 15 (3*) 

I (none with ulceration) 1  3 - 3 

II (none with ulceration) 0  1 - 1 

III/IV 0  0 - 0 

Actinic keratosis 2  5 0 5 

Non-melanoma skin cancer      

Basal cell carcinoma 33  21 (1*) 1* 22 (1*) 

Bowen’s disease 2  0 1* 1* 

Squamous cell carcinoma 2  1 0 1 

Naevus 24  21   

Dysplastic junctional naevus 4  8 (3*) 3* 11 (6*) 

Dysplastic compound naevus 12  3 2* 5 (2*) 

Junctional naevus 1  2 3* 5 (3*) 

Compound naevus 3  6 (1*) 1* 7 (2*) 

Dermal naevus 4  1 0 1 

Unspecified type   1 0 1 

Solar lentigo / Lichenified keratosis 1  2 (1*) 0 2 (1*) 

Seborrhoeic keratosis 3  1 0 1 

Dermatofibroma 2  1 0 1 

Hemangioma / Cyst/ Pigmentation/ Scar 4  0 0 0 

Specimen lost -  1 0 1 
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There was a reduction of 15 face-to-face visits noted with mobile teledermoscopy – mainly 

with dermatologist visits reduced by 10 (133 to 122); visits to surgeons and general 

practitioners had a minor reduction, 21 to 18 visits and 13 to 12 visits, respectively (Table 3.10). 

With the introduction of mobile teledermoscopy in Cohort 1, the total number of patients with 

fewer or no change in the number of visits was 33/45. A quarter of them (12/45; 27%) 

experienced an increase in the number of doctor visits. Post-intervention increase or decrease 

in visits per patient ranged from 0 to 3 

 

With lesions identified for short-term or long-term SDDI via mobile teledermoscopy for 

cohorts 1 and 2, 25 out of 71 potential face-to-face visits (35 %) were averted. With lesions of 

concern identified by participants from cohorts 1 and 2, teledermoscopy transmission 

accounted for 48% (13/27) of the potential visits averted. Altogether, mobile teledermoscopy 

averted 39% (38/98) of the visits. For lesions of concern identified by participants in Cohort 1, 

mobile teledermoscopy fast-tracked 37% (10/27) of the potential visits (Table 3.11). 

 

 
Table 3.11 Fast-to-face visits averted or fast-tracked by mobile teledermoscopy 

 

Frequency, No. (%) 

  SDDI   LOC  SDDI or LOC 

 
Visit Type 

 
Cohort 1 

 
Cohort 2 

 
Cohorts 1 and 2 

  
Cohort 1 

  
Cohorts 1 and 2 

Potential visit 41 30 71  27  98 

Averted 11 14 25 (35)  13 (48)  38 (39) 

Visits not averted 30 16 46 (65)  14 (52)  60 (61) 

Fast-tracked - - -  10 (37)  - 

Visits not fast-tracked - - -  17 (63)  - 

Abbreviation: SDDI, sequential digital dermoscopy imaging identified by a doctor; LOC, lesion of concern 

identified by the participant 
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(ii) Histopathological parameters: There was no change in the number of melanomas excised 

nor median Breslow thickness. The range of Breslow thickness was unchanged, except for a 

single outlier noted during the study – a scapular superficial spreading melanoma with a 

Breslow thickness of 1.8mm. There was a reduction of 15 malignant lesions excised, 

corresponding to a decrease of 15 NMSC excised. A single participant contributed primarily 

to this reduction, with 12 fewer lesions excised post-study. Important to note was a single 

excisional biopsy of a changing pigmented lesion on a participant’s abdomen that was lost 

during the study. Ongoing follow-up over 2-years after the study did not reveal recurrence. 

 

3.4.3 Treatment Concordance 

 

We used the 201 evaluable transmissions with treatment decisions to calculate concordance. A 

further 18 transmissions that required review in the clinic urgently were excluded because a 

review in clinic was not an actual treatment of the lesion, and all lesions for clinic review will 

be ‘disconcordant’ with the decision at a face-to-face visit. the number of transmissions with 

treatment discordance would be artificially elevated. Therefore, treatment concordance was 

derived from 183 lesions with treatment decisions (Table 3.12). 

 

The degree to which treatment decisions from mobile teledermoscopy and a face-to-face visit 

agreed, that is, treatment concordance, was almost perfect at 89% (Gwet’s coefficient 0.87, 

95% CI 0.82–0.96, p < 0.05). 

 

Significant treatment discordance was 2.7%, comprised of five lesions assessed via 

teledermoscopy as benign or for monitoring but required excision on examination at the visit. 

We had no lesion requiring excision or treatment from teledermoscopy assessment but was 

benign or for monitoring at the follow-up face-to-face visit. 
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Table 3.12 Contingency table of treatment decisions from assessment of teledermoscopy 

transmission and corresponding assessment at the follow-up face-to-face visit. 

 

Teledermoscopy Face-to-face decision category 
 

decision     STM LTM CLINIC  

 FINE STM LTM EXCISE CLINIC CLINIC RV Total 

2# 

1# 

0# 

 

EXCISE 0 0 0 11* 0 0 0 11 

0# 

2# 

5# 

Total 150 26 3 21 0 1 0 183 (201) 
 

* These numbers reflect the treatment concordance observed between the decision from the teledermoscopy 

assessment and the decision from a face-to-face visit by dermatologists. 

 
# These numbers reflect significant mismatched treatment decisions, ie significant treatment discordance, between 

initial assessment via MoleScopeTM and in en-face visits later 

 
Abbreviations: FINE, lesions assessed as benign; STM, short-term monitoring via SDDI in three months; LTM, 

long-term monitoring via SDDI in six months; EXCISE, lesion assessed as concerning/malignant; STM CLINIC, 

a lesion requiring short-term monitoring via SDDI at next clinic appointment; LTM CLINIC, a lesion requiring 

long-term monitoring via SDDI at next clinic appointment; CLINIC RV, review in clinic urgently 

 
Note: transmissions labelled as ‘CLINIC RV’ were excluded from the measurement of treatment concordance 

because a lesion could not require ‘review in clinic’ from an assessment at a face-to-face visit. 

 

 

 

 
3.4.4 Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value 

 

There were 201 evaluable transmissions by 75 participants from both cohorts, which prompted 

treatment of 21 lesions, and of those we found six skin cancers and one pre-cancerous lesion 

(Table 3.13). Mobile teledermoscopy had a sensitivity of 100% (95%CI 59-100), specificity of 

89% (95%CI 83-93), a positive predictive value of 24% (95%CI 10-44), a negative predictive 

value of 100% (95%CI 98-100), and overall diagnostic accuracy for skin cancers was 89% 

(95%CI 84-93). It is important to note that the positive predictive value is low due to the low 

disease prevalence of 3.4%. 

0* 0 0 9 

0 1* 0 6 

0 0 0 (18) 

 

STM CLINIC 9 0 0 

LTM CLINIC 3 0 0 

CLINIC RV 9 3 1 

 

0 0 0 132 

0 0 0 23 

0 0 0 2 

 

FINE 128* 2 0 

STM 1 21* 0 

LTM 0 0 2* 
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Table 3.13 A 2 × 2 table illustrating the assessments and outcomes of transmissions in 

terms of the diagnosis of skin cancers. 

Assessment of 

transmissions 

Treat / 

Clinic review 

Benign / 

Monitoring 

Outcome of transmissions 

Skin cancer/pre-cancer Benign (histology or clinical) 
 

7 22 

0 172 

7 194 

 

 

 
 

29 

 
 

172 

 

 

 

Three melanomas were excised, and only one non-pigmented lesion excised was concerning 

for melanoma but was found to be a BCC. Three non-pigmented BCCs were excised upon 

suspicion (Table 3.14). For the diagnosis of melanoma, the sensitivity was 100% (95%CI 29-

100), specificity was 88% (95%CI 83-92), positive predictive value was 12% (95%CI 2-30), 

and negative predictive value was 100% (95%CI 98-100). Diagnostic accuracy for melanoma 

was similar to all skin cancers at 89% (95%CI 83-93). 

 

 
Table 3.14 A 2 × 2 table illustrating the assessments and outcomes of transmissions in 

terms of melanoma diagnosis 

Outcome of transmissions 

Assessment of 

transmissions 

Treat / 

Clinic review 

Benign / 

Monitoring 

 

 
melanoma 

Non-melanoma 

(histology or clinical) 

 

 

 

 
26 

 
 

175 

3 198 

3 23 

0 175 
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3.4.5 Histopathology of Lesions Excised Upon Assessment of Mobile Teledermoscopy 

 

There were 83 lesions excised from both cohorts during the study. There were 72 lesions 

excised during the study from Cohort 1, of which nine were identified using mobile 

teledermoscopy. Eleven lesions were excised from Cohort 2, all of which had undergone 

mobile teledermoscopy. Melanomas comprised 23% of the excisions (19/83) in cohorts 1 and 

2. Dermatologists identified fifteen MIS cases. Mobile teledermoscopy identified three of the 

15 MIS. A surgeon found one of the three Stage 1 melanomas (Breslow thickness 0.3–0.7 mm 

without ulceration), and the other two were by dermatologists. Another surgeon diagnosed a 

Stage 2 melanoma of Breslow 1.8 mm on the scalp. General practitioners did not find any 

melanomas. Thirty-two naevi were excised, with half being dysplastic (16/32). Other benign 

lesions made up 6% of the excisions (5/83), from which one solar lentigo was removed after 

mobile teledermoscopy. BCCs comprised a quarter of the excised lesions (22/83), with one 

identified via mobile teledermoscopy. One squamous cell carcinoma (SCC), one Bowen’s 

disease case, and five AKs were excised (Table 3.10). 

i. First cohort (1 year of mobile teledermoscopy intervention) 

 
Of the nine lesions excised after assessment via teledermoscopy, five were located on the torso 

(four on the back and one on the chest), four on the limbs (two in both the upper and lower 

limbs), and four lesions were left-sided or five lesions were right-sided. There were four 

malignant lesions, including a highly vascular, nodular BCC (Figure 3.5) and three pigmented 

MIS (Figures 3.6, 3.7 and 3.8). An AK on the right temple, transmitted as the lesion of concern, 

was treated with cryotherapy (Table 3.15). 
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Table 3.15 Lesions excised upon assessment of teledermoscopy transmission from the 

Cohort 1 

PATHOLOGY BODY PART TRANSMISSION TYPE 

Malignant lesions excised 

Lesion assessed as concerning or malignant via teledermoscopy requiring excision 

BCC Right chest LOC 

MIS Left foot STM 

MIS Left foot STM 

MIS Right arm LTM 

Lesion assessed as benign via teledermoscopy but excised upon clinic review 

- - - 

Benign lesions excised   

Lesions assessed as concerning or malignant via teledermoscopy requiring excision 

Solar lentigo Right arm LOC 

CN Left upper back STM 

DJN Left lower back STM 

DJN Right upper back STM 

Lesion assessed as benign via teledermoscopy but excised upon clinic review 

DJN Right upper back STM 

Abbreviations: BCC, basal cell carcinoma; MIS, melanoma in situ; CN, compound naevus; DJN, dysplastic 

junctional naevus; LOC, lesion of concern; STM, short-term monitoring via SDDI; LTM, long-term monitoring 

via SDDI 

 

 

 

Additionally, four lesions from different participants in Cohort 1 were identified for SDDI, but 

the participants had forgotten to transmit via mobile teledermoscopy. We attempted reminders 

via email and phone calls but were unsuccessful. They were excised at the subsequent regular 

face-to-face visits (and not included in Table 3.15). One lesion was a BCC on the neck, and the 

others were dysplastic junctional naevi on the arm (1) and legs (2). 
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Figure 3.5 Clinical image of a female in her 50s living in regional NSW 

 
The female had two previously reported melanomas. The lesion on her right chest appeared 2–3 months after 

her regular dermatologist review, showing a pink nodule on the right side of the chest (yellow arrowhead). She 

transmitted the teledermoscopy image as a lesion of concern and had it excised by a local GP within a week in 

accordance with instructions from her dermatologist (PG); Image B: Teledermoscopy image transmitted via 

MoleScopeTM of the lesion – dense vessels with blue-grey ovoid nest (blue arrow). Histopathological 

examination revealed nodular BCC. 

 

 
 

Figure 3.6 Dermoscopy images 

 
Image A: Dermoscopy image of a pigmented macule on the left foot along the arch (yellow arrowhead) upon 

identification for short-term monitoring. Image B: Teledermoscopy image transmitted via MoleScopeTM after 

three months: the lesion size had increased in length, and there were changes in the number of peripheral 

globules. Image C: Dermoscopy image of the lesion on the day of excision – note the similarity with Image B, 

although clearer. Histopathological assessment confirmed that it was a MIS. 
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Figure 3.7 Melanoma in situ 

 
Image A: Dermoscopy image of pigmented macule on the lateral malleolus of the left foot (yellow arrowhead) 

upon identification for short-term monitoring. Image B: Teledermoscopy image transmitted via MoleScopeTM 

after three months, with darkening of the lesion and new asymmetrical peripheral globules at the 5 to 6 o’clock 

position (purple arrow); Image C: Dermoscopy image of the lesion on the day of excision – note the similarity 

with Image B shown clearly. Histopathologically confirmed MIS. 

 

 
 

Figure 3.8 Dermoscopy image of a pigmented macule 

 
Image A: Dermoscopy image of a pigmented macule on the right upper arm upon identification for long-term 

monitoring. Image B: Teledermoscopy image transmitted via MoleScopeTM after six months showing increased 

polygonal lines and network darkening at the 2 o’clock position and 4 o’clock position (blue brackets), and new 

peripheral globules at the 6 to 7 o’clock position (purple arrow); Image C: Dermoscopy image of the lesion on 

the day of excision – note the similarity with Image B. Histopathologically proven MIS. 
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ii. Second cohort (3-month mobile teledermoscopy intervention) 

 
The second cohort, who proceeded with MoleScopeTM for short-term SDDI of lesions over 

three months, resulted in 11 excisions. There were seven lesions on the limbs, five on the lower 

limb, two on the upper limb, four on the torso region – three on the back and one on the 

abdomen. There were six right-sided and three left-sided lesions, two in the midline region and 

one lesion each on the abdomen and back (Table 3.16). 

 

Table 3.16 Lesions excised upon assessment of mobile teledermoscopy transmission from 

the second cohort (short-term SDDI) 

PATHOLOGY BODY SITE 

Malignant lesions excised  

Lesion assessed as concerning or malignant via teledermoscopy requiring excision 

Bowen’s Right leg 

BCC Right leg 

Lesion assessed as benign via teledermoscopy but excised upon clinic review 

- - 

Benign lesions excised  

Lesions assessed as concerning or malignant via teledermoscopy requiring excision 

DJN Left thigh 

DCN Right arm 

DJN Right lower back 

JN Right upper back 

DJN Mid-abdomen 

irritated JN Left foot 

CN Right buttock 

JN Left arm 

Lesion assessed as benign via teledermoscopy but excised upon clinic review 

DCN Mid-back 

Abbreviations: Bowen’s, squamous cell carcinoma in situ; BCC, basal cell carcinoma; MIS, melanoma in situ; 

CN, compound naevus; JN, junctional naevus; DJN, dysplastic junctional naevus; DCN, dysplastic compound 

naevus 

 

 

 

 

There were two malignant lesions, Bowen’s disease and BCC, on the right leg of each 

participant (Figures 3.9 and 3.10). The nine benign lesions were all naevi from various body 

parts:3 on the legs, two on the arms, three on the back and one on the central area of the 

abdomen. 
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Additionally, three significant lesions were excised from two patients who had left the study 

before transmitting any teledermoscopy images of the lesions identified for short-term 

monitoring via SDDI. Both patients preferred to have lesions excised completely rather than 

under-monitoring. Two lesions were MIS excised from the neck and left thigh of a single 

patient in Cohort 1. One borderline lesion from a patient in Cohort 2 was diagnosed as a 

spitzoid dysplastic compound, naevus, primarily because of the patient’s young age. 

 

Figure 3.9 Dermoscopy image of a pink macule 

 
Image A: Dermoscopy image of a pink macule on the medial aspect of the right lower leg upon identification 

for short-term monitoring. Image B: Teledermoscopy image transmitted via MoleScopeTM after three months, 

with increased density of round vessels of varying sizes; Image C: Dermoscopy image of the lesion on the day 

of excision taken two months after teledermoscopy transmission – note the ulcerations (green arrows). It was 

histologically confirmed to be a nodular BCC. 

 
Figure 3.10 Dermoscopy image of a pink macule on the lateral aspect 

 
Dermoscopy image of a pink macule on the lateral aspect of the right lower leg upon identification for short-term 

monitoring. Image B: Teledermoscopy image transmitted via MoleScopeTM after three months – vessels were 

becoming more variable in shape, although lesser vessels were also noted; Image C: Dermoscopy image of lesion 
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on day of excision – note the pink-white areas with under polarisation. Histopathological examination confirmed 

nodular BCC. 

 
3.5 Cost Analysis of Intervention 

 

3.5.1 Effect of Mobile Teledermoscopy on the Cost to Healthcare and Patient 

 

(i) Cohort 1 

 

The mean cost of using mobile teledermoscopy to the healthcare system was $160 per 

patient/year. When including all-cost with mobile teledermoscopy, the mean cost to the 

healthcare system was $909 per patient/year. A comparative cost study in Cohort 1 with 

historical data from the year before is showing that the intervention created an increase in mean 

cost to the healthcare system by $28 per patient/year (Table 3.17). 

 

Table 3.17 Statistical comparison of the cost incurred by Cohort 1 (overall and mobile 

teledermoscopy alone) from data of 1-year periods before and during the study 

 
Variable 

Pre- 
intervention 

Post- 
intervention 

Mobile 
teledermoscopy 

Mean difference in pre- and 
post-intervention (95% CI) 

 
p-value 

Total cost of care provided ($) 

mean (sd) 1,052 (1,671) 1,107 (904) 188 (94) 55 (–401 to 551) 0.107 

median (IQR) 617 (363) 794 (903) 206 (188)   

Cost to patient ($)      

mean (sd) 179 (301) 198 (199) 28 (14) 19 (–64 to 103) 0.239 

median (IQR) 93 (58) 119 (141) 31 (28)   

Cost to healthcare ($) 

mean (sd) 881 (1,417) 909 (738) 160 (80) 28 (–361 to 416) 0.093 

median (IQR) 524 (287) 673 (768) 175 (160)   

 

 

 
(ii) Cohort 2 

 

For the short-term SDDI of lesions, a comparison of the cost of mobile teledermoscopy versus 

the theoretical cost of face-to-face visits revealed an increase in mean cost to the healthcare 

system of $25.00 per patient with mobile teledermoscopy (Table 3.18). 



71  

Table 3.18 Statistical comparison of costs incurred by Cohort 2 with and without mobile 

teledermoscopy for short-term monitoring of lesions only 

 
Variable 

Without mobile 
teledermoscopy 

With mobile 
teledermoscopy 

Mean difference 
(95% CI) 

 
p-value 

Total cost of care provided ($) 

mean (sd) 161.00 (71.00) 190.00 (143.00) 
29.60 (–11.20 to 

70.40) 
0.665 

median (IQR) 125.00 (99.00) 165.00 (135.00)   

Cost to patient ($)     

mean (sd) 24.10 (10.70) 28.50 (21.40) 4.40 (–1.70 to 10.60) 0.662 

median (IQR) 18.80 (14.90) 24.70 (20.20)   

Cost to healthcare ($)     

mean (sd) 137.00 (60.40) 162.00 (121.00) 25.00 (–9.50 to 59.80) 0.664 

median (IQR) 107.00 (84.50) 140.00 (114.00)   

 

There were no statistically significant associations between demographic characteristics and 

healthcare costs when incorporating mobile teledermoscopy (APPENDIX N). 

3.6 Psychological Assessment 

 

3.6.1 Effect on Health-Related Quality of Life 

 

Seventy-seven participants (39 females; 38 males) submitted the initial AQoL-8D and FCRI 

questionnaires: 49 out of the 60 (82%) recruited participants in Cohort 1 and 28 out of 33 

(85%) recruited participants in Cohort 2. Due to time constraints at recruitment, the 16 

participants did not completed the initial questionnaires but requested the questionnaires sent 

via email. They did not complete the questionnaires despite prompts via email or attempted 

phone calls. 

 

We analysed the pre-intervention AQoL-8D with completed questionnaires from 76 

participants. One of the 77 participants felt overwhelmed and stopped mid-way whilst 

completing the questionnaire. The mean weighted utility score of AQoL-8D was 0.85 
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(SD=0.14; 95%CI 0.82-0.89) pre-intervention, which translates to a generally good quality of 

life. There was a noticeable difference in the means for weighted scores of the two super 

dimensions: mental health (combining the AQoL8D dimensions of happiness, coping, self- 

worth, and relationships) was 0.56 (SD=0.21; 95%CI 0.52-0.61) and physical health 

(combining the AQoL8D dimensions of independent living, pain, and senses) was 0.86 

(SD=0.14; 95%CI 0.82 – 0.88) (Table 3.19). 

 

The FCRI questionnaire was completed by 77 participants and showed a mean score of 61.3 

(SD = 26.5; 95% CI 55.3–67.3) before the intervention, of which 96% had FCRI scores above 

the proposed threshold ≥16 with high specificity for clinical fear of the recurrence of 

melanoma.(43) 

Table 3.19 Mean weighted scores for each AQoL-8D utility attribute 

 

  
Number 

 
Mean 

Standard 

deviation 

 
Minimum 

 
Maximum 

 
Sum 

AQoL8D dimensions       

Independent living 76 0.97 0.803 0.59 1.00 73.30 

Happiness 76 0.86 0.099 0.56 1.00 65.59 

Mental health 76 0.70 0.143 0.29 1.00 53.43 

Coping 76 0.86 0.114 0.47 1.00 65.69 

Relationships 76 0.86 0.132 0.52 1.00 65.71 

Self-worth 77 0.88 0.125 0.46 1.00 67.43 

Pain 76 0.90 0.152 0.47 1.00 68.02 

Senses 76 0.91 0.088 0.65 1.00 69.19 

AQoL8D Super dimensions 

Physical 76 0.85 0.140 0.50 1.00 64.61 

Mental 76 0.56 0.206 0.14 0.97 42.81 

Utility score 76 0.85 0.141 0.44 1.00 64.91 

 

 

Of these 77 participants, 12 left the study, and only 11 completed the AQoL-8D and FCRI 

questionnaires at the end of the study. Due to the COVID-19 pandemic, many participants 

could not return to the clinics to return the portable dermatoscopes and complete the three 

questionnaires at the end of their study. Thus, there was insufficient numbers of returned 
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questionnaires to achieve an adequate analysis of change in HRQOL before and after mobile 

teledermoscopy. 

 

3.6.2 Acceptance of Patient-led Teledermoscopy 

 

Over a third of participants (28/75) completed the questionnaire on the participants’ use (1 = 

very hard, 2 = hard, 3 = neutral, 4 = easy, 5 = very easy) and overall confidence level (1 = very 

poor, 2 = poor, 3 = neutral, 4 = strong, 5 = very strong) of using mobile teledermoscopy. We 

note that assistance with mobile teledermoscopy was necessary 80% of the time, with a third 

of participants always requiring aid (Figure 3.11). 

 

Most participants (86% with score of 4 or 5; mean score on the Likert scale = 4.5) found it easy 

to use the app for monitoring their lesions. Most of these 28 participants (80% with score of 4 

or 5; mean 4.5) could easily attach the portable teledermoscopy attachment onto their mobile 

devices. The use of a 3-D image of a model on the app was slightly easier (mean 3.8) than 

searching through a list of lesions (mean 3.7) – for example when looking for a previously 

recorded mole (Figure 3.12). 

 

Sixty per cent of the participants (score of 4 or 5) could take teledermoscopy images of their 

lesions quickly or very easily (mean 3.7). Specific to body parts: 

 

• Limbs were most easily accessible when taking dermoscopy images with the portable 

attachment (70% with score of 4 or 5; mean 3.8 ) 

• The back was slightly less accessible than the chest or abdominal region (56% vs 60% 

with score 4 or 5; mean 3.3 vs 3.7, respectively) 

• Head and neck regions were more challenging to access mobile teledermoscopy, with 

only one-third of the participants (34% with score 4 or 5; mean 3.1) finding it easy. 
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Over 75% (with score 4 or 5; mean 4.2) of participants considered mobile teledermoscopy an 

effective tool for diagnosing melanoma when a teledermatologist was performing the 

assessment. However, about half of the participants (47% with score 1, 2 or 3; mean 3.3) were 

either neutral or sceptical about using the app alone to inform of the risk of malignancy of any 

skin lesion. 

 

Nearly 80% (with score 4 or 5) of participants would recommend using mobile teledermoscopy 

with a 4.2 mean confidence level. A similar proportion of participants (79%) would request a 

second opinion from another dermatologist if they were concerned about the assessment via 

mobile teledermoscopy (Figure 3.12). 

 

Figure 3.11 Level of assistance required for the use of mobile teledermoscopy 
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Figure 3.12 Survey of participants’ experience with mobile teledermoscopy and its usefulness and effectiveness as a tool for 

detecting melanoma 
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3.6.3 Perceived Cost of Mobile Teledermoscopy 

 

Only 23 of the 28 participants who completed this questionnaire on the use of mobile 

teldermoscopy specified costs they perceived to be either of good bargain, reasonable, 

highest amount they would pay or too expensive to afford. 

 

 
(i) Price of a portable dermatoscope: Price of a portable dermatoscope: Participants would 

 

generally purchase a portable dermatoscope for an average specified price of $241.26, ranging 

from $50 to $350. However, a reasonable price for the device was $178.26, and a good bargain 

would be $106.26. Participants found the purchase price of $317.61 to be too expensive. 

 

(ii) Fee for a mobile teledermatology consult: The consensus of the fee for a mobile 
 

teledermoscopy transmission was an average specified price of $133.70, ranging from $40 to 

 

$300. Although, two participants maintained that such a form of teledermatology consult 

should be allocated a full Medicare rebate. A fee of $68.48 was considered value-for-money, 

ranging from $20 to $200. An average specified, reasonable fee would be $100, ranging from 

$40 to $230. Participants would not use teledermoscopy consult if the fee was above an average 

specified price of $166. 

 

3.6.4 Comments from Participants 

 

Difficulty in obtaining a clear image was the participants’ most common negative critique. 

There were concerns about transmitting the wrong lesions ‘due to the number of moles, 

individual moles (were) hard to locate’ and ‘making sure (patients are) sending (transmissions 

from) the correct area’. Most would like notifications of when: 

 

1. The transmission was successful. 

 

2. Images were assessed by a teledermatologist. 
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3. Replies from the teledermatologist arrived at their app. 

 

The ability to record their lesions was most appreciated when using the teledermoscopy app 

with supportive comments like (having a) ‘record of all images’, ‘list of current moles’ and 

‘body map showing spots being monitored. Participants appreciated teledermatology with 

comments like ‘it is a great technology that allows early identification/diagnosis and saves me 

travel time to Sydney’ and ‘a very useful tool for people who live remotely and cannot access 

the Melanoma Unit or a decent skin doctor easily’. One participant hoped that there would be 

more advancement in such technology: – ‘I think this will eventually be a really valuable tool 

and cannot wait to use it as a self-diagnostic option on an ongoing basis’. 
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Chapter 4: Discussion 

 

Recruitment between cohorts 1 and 2 varied in our study. Our demographic characteristics 

were comparable to those of previous studies on mobile teledermoscopy. Most of the 

transmissions via mobile teledermoscopy were evaluable, with one-fifth of the images having 

poor quality. We showed a significant reduction in time-to-treatment based on the patients and 

a decreasing (but non-significant) trend in all other clinical and histopathological parameters. 

A good proportion of face-to-face visits were either averted (39%) or fast-tracked (37%) by 

mobile teledermoscopy. The disease prevalence in mobile teledermoscopy was low, but its 

diagnostic accuracy remained comparable to that of dermoscopy examination at face-to-face 

visits. The treatment concordance between mobile teledermoscopy and mobile teledermoscopy 

was almost perfect. We noted that mobile teledermoscopy incurred more costs for the 

healthcare system (although it was not significant). High-risk patients were generally confident 

about this diagnostic intervention, despite their high anxiety about melanoma recurrence. 

Therefore, we discuss our results in five sections: Recruitment, Demographics, Clinical effect, 

Cost incurred and Psychological readiness. Medicolegal concerns were also explored. 

 

4.1 Recruitment and Retention of Participants 

 

The disparity in participation rates between Cohort 1 (19%, 60/322) and Cohort 2 (100%, 33/33) 

can be reasonably explained. Cohort 1 was recruited from high-risk clinics at the MIA and 

SMDC, and these high-risk patients have participated in multiple studies over a decade (11-

14,43,44), likely to experience ‘research fatigue’. These high-risk patients must consider the 

time and effort required in every study. There can be a decline in altruism, with a lack of benefits 

from past research. Insufficient motivation owing to current psychosocial stress can also 

contribute to research fatigue. Of course, there may be potential concerns regarding 
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the proposed intervention. The present study found that 10% (33/322) had no interest in 

participating and preferred conventional face-to-face visits.(47) 

 

Participants in the second cohort were recruited during the COVID-19 pandemic, which could 

increase the value of direct patient-to-specialist teleconsultation. None of the patients had 

previously been recruited at high-risk clinics. The participants were also approached at 

scheduled visits by dermatologists. Face-to-face recruitment has shown the highest 

participation rate, at a mean of 82.6% (95% CI 72.2%, 90.9%), as reported in a Dutch 

systematic review of 25 studies.(48) Having lesions identified by the monitoring specialists 

could motivate participation in our study. Cohort 2 was only required to undergo a shorter 3- 

month study period than Cohort 1. Our study design required self-management on the patient’s 

and partner’s part over one year in Cohort 1, while Cohort 2 only needed to transmit images at 

three months. The range in our participation rates is comparable to that of a systematic review 

that included 21 studies of patients with chronic pulmonary diseases who were introduced to 

non-pharmacological interventions and required self-management programs. The participation 

rates ranged from 23 to 100%, with 20% of studies having less than 50% participation rates.(49) 

 

As for retention of participants, the dropout rates in our study (25% for Cohort 1 and 9% for 

Cohort 2) were comparable to those reported in previous app-based studies. An Australian 

systematic review of 17 studies on app-based interventions for chronic diseases reported a 

pooled dropout rate of 43% (95% CI 29–57) – observational studies (8/17 studies; 49% dropout 

rate) had a 9% higher dropout rate compared to randomised controlled trials (9/17 studies; 40% 

dropout rate).(50) 

 

4.2 Demographic Characteristics 

 

The combined male-to-female ratio for Cohorts 1 and 2 of the present study was nearly equal, 

like previous mobile teledermoscopy studies (51–55), except for a large randomised control 
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trial in Queensland that had two times more female than male participants.(56) There was a 

higher proportion of participants in stable relationships (married or de facto) from our study 

(91%) versus other studies (75–78%).(55,56) English-speaking background was proportionally 

higher in our study (94%) as with other studies (88%).(55) Tertiary education predominates in 

our (70%) and other studies (53%–83%).(54–56) Fewer participants worked full-time (~50%) 

compared with 83% in another Australian study.(54) Forty per cent of our participants had high 

annual household incomes above $180,000, and 28% had medium incomes from $87,000 to 

$180,000. Help from partners or spouses with mobile teledermoscopy was required 85% of the 

time, as previously reported at 84%.(54–56) 

 

4.3 Clinical Effect 

 

4.3.1 Usability 

 

Mobile teledermoscopy highly depends on the user’s ability, the experience of the receiving 

teledermatologist, and a portable dermatoscope. Participants’ willingness to engage with new 

technology was noted in 65% of the 122 invitations with responses for Cohort 1 (60 recruited, 

20 omitted by study; 80/122). It is also encouraging to note that transmissions were equally 

sent from lesions on easily accessible areas such as the legs (~ 1/3) as they were from hard-to- 

reach areas such as the back (~ 1/4) and upper limbs (~ 1/4), reflecting a consistent effort to 

obtain images of lesions from any part of the body. The proportion of transmissions from the 

latter two regions of the body was comparable with other studies (~30% each).(56) We 

experienced poor quality in 22% of the (259) images, which was comparably higher than other 

studies of mobile teledermoscopy (5–18% from 33–615 images).(51–53,56) Besides 

MoleScopeTM used in the present study,(42) other portable dermatoscopes have been used in 

past studies, including FotoFinder HandyScope (FotoFinder Systems GmBH, Bad Birnbach, 

Germany),(57) DermLite Handyscope® (cooperation between FotoFinder® and DermLite®, 



81  

San Juan Capistrano, USA)(58) and DermScopeTM (Canfield Imaging Systems Inc, Parsippany, 

USA).(59) It is unclear whether there is any significant difference in the quality of transmissions 

among the aforementioned portable dermatoscopes without a head-to-head, non- inferiority 

trial. We also found that younger patients with a higher level of education were more likely to 

interact reliably with technology. It is important to note that mobile teledermoscopy carries a 

risk of the patient erroneously imaging the wrong lesion during SDDI (0.5% in our study; 3–

8% in previous studies).(51,56) There was also a risk of patients not providing transmissions 

(9% in our study). Notably, we found that some participants required repeated reminders to 

obtain images for evaluation. These findings indicate that detailed instructions and technical 

support with layers of checks are essential for implementing mobile teledermoscopy, 

particularly during the early stages of its set-up and clinical use. 

 

4.3.2 Diagnostic Characteristics 

 

Six skin cancers and one pre-cancerous lesion were identified using mobile teledermoscopy in 

our study. We found that mobile teledermoscopy had a sensitivity of 100%, specificity of 89%, 

and a negative predictive value of 100%. This was comparable to, if not higher than previous 

studies (sensitivity of 75–100%; specificity of 62–89.6%; negative predictive value of 

100%).(52–54,56) Mobile teledermoscopy tends to have many benign lesions transmitted by 

patients as lesions of concern or SDDI, resulting in a low disease prevalence of 3.5% (7/201,,s 

comparable to 3.6% (7/195) in a prospective Swiss study (53) and 7.3% (50/684) in a 

Queensland randomised control trial.(56) This would explain its low positive predictive value 

(24.1% in the present study and 20.0% in the Swiss study). 

 

In particular, three of the seven pre-cancerous/cancerous lesions treated were melanomas 

diagnosed in situ via SDDI using mobile teledermoscopy. The diagnosis of melanoma had a 

sensitivity of 100% and a minor variation to a specificity of 88%. A Cochrane review of 
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teledermatology (with or without teledermoscopy) reported sensitivities ranging from 59– 

100% and specificities ranging from 30–100%.(60) 

 

Diagnostic concordance is reportedly good or excellent, ranging from 85–97%.(51,53,54,56) 

However, a more relevant characteristic of mobile teledermoscopy, especially in patients, is 

treatment concordance. The agreement between treatment decisions made via mobile 

teledermoscopy and at a face-to-face visit in the present study (89%) was parallel to the 

findings in a systematic review (85%).(28) This shows that managing lesions via mobile 

teledermoscopy is reasonably analogous to a face-to-face doctor’s visit. Ancillary to the study 

findings is that dermoscopy has improved treatment concordance, evident from the difference 

noted in an Australian teledermatology study with only clinical images that showed a treatment 

concordance of 69%.(60) 

 

4.3.3 Safety 

 

No lesions classified as benign by mobile teledermoscopy during the study were suspected to 

be melanomas or other skin cancers at a visit by the dermatologist. The ability to diagnose 

melanoma has also been safely established in other studies.(54–56) There may be a small risk 

(<4%) of missing AKs, BCCs, and to a much smaller extent, SCCs (0.15%), which is 

commonly due to non-or hypopigmented characteristics of these lesions.(56 Severe AKs and 

NMSCs can be detected during a thorough clinical skin examination at subsequent scheduled 

visits. The fact that there was no significant effect on the number of excisions and 

histopathological parameters (e.g., number of malignant lesions, melanoma or NMSC) with the 

introduction of mobile teledermoscopy showed that it had no adverse effects on clinical 

practice. However, most melanomas in our study, particularly the invasive types, were 

diagnosed via conventional face-to-face visits. This proves that mobile teledermoscopy has a 

more supportive role in the diagnosis of melanoma and cannot replace conventional practice. 
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4.3.4 Healthcare System Characteristics 

 

Mobile teledermoscopy has been shown to fast-track one-third of face-to-face visits for 

lesion(s) of concern (55), and the present study (39% of visits) supports this finding. 

Furthermore, nearly half (48%) of the patients with lesions of concern were averted when 

assessed as having no immediate concerning features on mobile teledermoscopy. Lesions 

identified by their doctors for SDDI had 35% of the visits averted instead. This difference is 

likely because patients transmit more benign lesions. A more significant reduction in the 

number of visits may be observed as the patient’s familiarity with mobile teledermoscopy 

increases. Loss of patients’ time, money and effort can be prevented. 

 

Our study found a significant reduction (p = 0.039) in the patient-based time-to-treatment of 

50 days (i.e., each participant’s mean number of days of visit intervals for all excisions). Based 

on excised lesions, a reduction of 19.5 days, though not significant (p = 1.000), was noted for 

each lesion instead, similar to other studies with a reduction of time-to-treatment for a lesion 

ranging from 17.5 to 26 days (61–63), and one outlying Swedish study showing a reduction of 

49 days.(64) The time interval to treatment for conventional doctor visits in the Swedish study 

was notably long at 85 days (64), while other studies from New Zealand, Australia and the UK 

had intervals at 26.5 days, 35 days and 58 days, respectively.(61–63) More specifically, the 

time-to-treatment of melanomas was reduced by 8 days (p = 0.267) and that of SCC/BCCC by 

28 days (p = 0.649). The UK study had similar results, with a reduction of time-to-treatment 

by three days for melanoma, by 22 days for SCC, and by 23 days for BCC.(63) These latter 

studies, however, did not involve direct consultation from patients initiating mobile 

teledermoscopy, but rather (i) GPs performing teledermoscopy referrals or (ii) skin cancer 

clinics with clinical photographers performing teledermoscopy referrals for GPs. This finding 

shows that mobile teledermoscopy led by patients is comparable to teledermoscopy referrals 
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performed by general practitioners in reducing wait times and facilitating earlier skin cancer 

detection. The present study did not analyse the teledermatologist’s response time to review 

patient-led transmission. A systematic review of teledermatology showed that other Australian 

studies had a response time of 62% within 3 hours and 97% within 24 hours, while a mean 

response time of 3 hours was observed internationally.(26) 

 

4.3.5 Strategies with Mobile Teledermoscopy Explored 

 

i. Other studies, like ours, have also investigated mobile teledermoscopy combined with self- 

skin examination and reported interesting findings. An earlier randomised control trial in 

Queensland (2015; n = 49) showed that the self-skin examination plus mobile teledermoscopy 

had a sensitivity of 42% (95% CI 27–56) and a specificity of 89 (95% CI 84–95) for screening 

of skin cancers when lesions were excised.(54) A large randomised control trial in Queensland 

(2020; n = 234) showed that this combined strategy had a sensitivity of 75% (95% CI 63– 84) 

and specificity of 87% (95% CI 85–90).(56) When patients had lesions of concern, mobile 

teledermoscopy plus self-skin examination were shown to be better at detecting suspicious 

lesions when teledermoscopic features were highly suggestive of skin cancers and were as 

reliable at excluding lesions when teledermoscopy was not evident of skin cancer. A 

randomised control trial in New South Wales (2022, n = 100) showed that the combination of 

self-skin examination with mobile teledermoscopy did not change the excision rate in usual 

care with a face-to-face visit and was able to fast-track ~2.5 times (34/195 visits; 17%) the 

number of face-to-face visits compared to conventional care with self-skin examination alone 

(14/195 visits; 7%). They also reported that most melanomas (5/8) were diagnosed at fast-

tracked, unscheduled visits.(55) Our study observed that 37% (10/27) of visits were fast-

tracked by mobile teledermoscopy, with only 16% (3/19) of melanomas diagnosed during fast-

tracked, unscheduled visits during the intervention period. We did not have historical data on 

fast-tracked visits from a period 
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without intervention for comparison. The three above-mentioned randomised control trials also 

found that mobile teledermoscopy incentivises self-skin examination, either by the patient 

alone or with assistance from a person or using a mirror for hard-to-reach places. 

Understandably, many high-risk patients have reservations about relying on self-skin 

examination and prefer their doctors’ examination as the primary form of skin cancer detection, 

especially for melanoma. (65) 

 

ii. Previous studies have tried to empower patients in the diagnostic pathway of melanoma and 

other skin cancers; two previously mentioned randomised control trials of the self-skin 

examination plus mobile teledermoscopy had equipped participants with instructions to 

examine concerning lesions using the AC rule (Asymmetry and Colour variegation) (66) with 

pictorial guides of melanoma/ BCC and SCC as reference.(54,56) Their studies did not improve 

the accuracy of diagnosing melanomas or skin cancers with a mobile teledermoscopy-enhanced 

self-skin examination.(56) 

 

iii. Computer-aided diagnostic systems, commonly referred to as CAD, are being studied in 

many fields of medicine and have experienced an exponential interest in diagnosing melanoma. 

A meta-analysis of 70 studies from 2004 to 2018 reported a sensitivity of 74% (95% CI 79– 

88) and specificity of 84% (95% CI 79–88), which was not dissimilar to dermoscopy 

examination by dermatologists.(67) Few issues have been identified with CAD. Non or 

hypopigmented lesions, particularly amelanotic melanoma or keratinocytic skin cancers, are 

more difficult to diagnose. Structureless or small lesions also pose difficulty for CAD to assess. 

Interpretation by CADs can be easily affected by ‘artefacts’ such as hair or dry skin, and the 

removal of such ‘noise’ by artificial intelligence with neural networks for deep learning 

strategies is being investigated. Image quality can affect CAD significantly as well.(68) Though 

most of these studies have not been applied in clinical settings, artificial intelligence 
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fully incorporated with mobile teledermoscopy for diagnosing melanoma and other skin 

cancers is a promising area and is likely the way forward in clinical research and practice. 

 

4.4 Cost Incurred 

 

The cost-comparison analysis of the present study showed that the modelisation of short-term 

SDDI of lesions with mobile teledermoscopy incurred an additional cost of $25 per patient for 

the healthcare system compared to face-to-face visits in Cohort 2. For all-cost comparisons 

over 1-year periods before and after mobile teledermoscopy, an increment in cost to the 

healthcare system of $28 per patient/year was observed (and an increase of $55 per patient/year 

to the total cost of care, inclusive of patient’s out-of-pocket cost, was noted (refer to 

Methodology, Section V, Part B). An Australian prospective cohort study in 2014, comparing 

GP referrals via teledermoscopy and conventional paper GP referrals, reported a 26-day 

reduction in time-to-clinical resolution (similar in definition to ‘time-to-treatment’ in the 

current study) with an additional cost of $54.64 (95% CI $22.69–$97.35). This means an 

additional $2.10 for every day saved, based on the total cost of care (not cost to healthcare 

only), when the MBS-scheduled fee for new visits was $72.75.(62) They excluded the cost of 

teledermoscopy, as it had no MBS-scheduled fee, and all visits were assumed to be new visits 

(which had higher MBS-scheduled fees). On the other hand, a systematic review showed that 

international studies had found savings in cost with teledermatology, ranging from $0.18 to 

$5.03 per patient for every day saved.(31) Our study also aimed to provide a realistic 

understanding of costs. We ensured that visits were charged as they were as new or recurrent 

visits, which had different MBS-scheduled fees. We also included an arbitrary $40 fee per 

transmission via mobile teledermoscopy, which was less than quotes from past surveys or 

interventional studies from Australia ($61–$120) or internationally ($20–$500, median 

$100).(26) 
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The cost of mobile teledermoscopy to the healthcare system was $162 per patient, and the total 

cost of care (with the patient’s out-of-pocket fee included) was $190 per patient when (patient- 

led) mobile teledermoscopy was used during the SDDI of lesions in our study. The cost of care 

for teledermoscopy for GP referrals of lesions of concern was reported at $318 per patient by 

the previously mentioned Australian study.(62) When interpreting these figures, we have to 

account for the difference in the MBS-scheduled fee at the time of the studies approximately 

six years apart.). Patient-led mobile teledermoscopy costs less than GP-led teledermoscopy, 

which is probably best explained by the exclusion of GP visits with the former. A non- 

inferiority trial between these two teledermoscopy strategies (patient-led and GP-led 

teledermoscopy) would help ascertain the significance of this difference. 

 

Our arbitrary cost-to-the-healthcare-system of $40.00 for each mobile teledermoscopy 

transmission was significantly less than a visit to have a photo taken by the clinical 

photographer and reviewed by their dermatologist, as well as the travel fees incurred. It was 

also lesser than the amount noted in a previous Australian survey ($61-120) and past 

international surveys and interventional studies ($20-$500, median $100) (see APPENDIX 

O).(26) The burden of cost will be higher if we had used such higher fees, but there is no plan 

for store-and-forward teledermatology to be eligible for Medicare rebate at this stage. 

 

Our participants would pay an average specified price of mid $200 for a portable dermatoscope. 

In contrast, a systematic review found that patients were willing to pay a higher average 

specified price of mid $300.(26) This is despite the high socioeconomical status of our study 

population. Currently, the market price for portable dermoscopy, MoleScope LiteTM, is priced 

at $69.99 without polarised light, and MoleScope IITM at $449 with polarised light to visualise 

surface structures like vessels and stromal tissue better.(42) FotoFinder HandyScope® is priced 

at mid $900,(57) and the DermLite Handyscope® is priced at just over $1,000.(58) Price 
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adjustment may be required to allow greater use of mobile teledermoscopy, and patients may 

increasingly adopt this teledermatology strategy as it becomes more commonly used in clinical 

practice. We did not include the cost of portable dematoscopes in the study’s cost model 

because the cost of equipment used over an extended period would have a negligible effect. It 

would be interesting to note the need for and frequency of updating the portable dermatoscope, 

similar to mobile phones. Even professional dermatoscopes used by doctors have new versions 

released every few years. The dermatoscope used in the present study, MoleScopeTM, had an 

updated version during the study period. Non-inferiority trials between different 

dermatoscopes would require a very large sample size and are probably not feasible. 

 

Teleconsultation via mobile teledermoscopy priced between $40–$230 was considered 

reasonable, slightly more than the range of $60–$120 found in a previous Australian study, and 

varied greatly at $20–$500 from international studies (see APPENDIX O).(26) Two 

participants expressed a preference for teleconsultation to be fully reimbursed by Medicare, 

further demonstrating the support of mobile teledermoscopy. 

 

4.5 Psychological Readiness 

 

High-risk patients tended to have high anxiety over suspicious lesions and increased fear of 

melanoma recurrence (mean FCRI score, 61). However, mobile teledermoscopy is highly 

acceptable in such patients. Table 4.1 shows the mean level of agreement of mobile 

teledermoscopy in our study compared with the American survey by Wu et al. (69). An 

Australian survey on mobile teledermoscopy of the same number of participants (n = 28) 

showed that 89% would use mobile teledermoscopy for direct patient-to-specialist referrals, 

and there was 100% confidence in GP-to-specialist referrals.(70) We received positive 

comments about mobile teledermoscopy, such as enabling remote or faster access to a 

dermatologist and saving long-distance trips into metropolitan areas (where most dermatology 
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practices reside).(71) Past qualitative surveys have shown that reduced wait time and travel 

distance were the top two reasons for teledermatology.(26) Another positive comment was the 

ability to record and monitor lesions via the app, which was also mentioned as the main reason 

medical professionals would use teledermoscopy in previous surveys, among other reasons, 

such as reducing face-to-face visits and supporting the triage of lesions.(26) The most 

intriguing comment was from a participant who ‘can’t wait to use it as a self-diagnostic option 

on an ongoing basis’ and was aligned with studies on artificial intelligence using CADs of deep 

learning networks.(67,72) However, there are concerns regarding capturing a good 

teledermoscopy image of the correct lesion (identified for SDDI). Anxiety over new 

technology should naturally de-escalate with increasing familiarity with its regular use. 

Furthermore, mobile teledermoscopy has not shown an adverse effect on the quality of life of 

high-risk patients.(55) 

 

Table 4.1 Mean level of agreement with mobile teledermoscopy 

(1 = strongly disagree; 2 = disagree; 3 = neutral; 4 = agree; 5 = strongly agree) 
 

 Our study Wu et al (68) 

Easy to record/ transmit images 3.7 4.5 

Easy to monitor lesion 4.5 4.7 

Effective in detecting melanoma 4.2 4.7 

Review of lesion in clinic instead - (79%*) 2.9 

Inadequate recording of image - 1.9 

Do not know how to transmit - 1.5 

Recommend its use to others 4.2 - 

* As a second opinion only if still concerned 

 

 

 
The COVID-19 pandemic has greatly affected conventional access to healthcare, and mobile 

teledermatology is a means of circumventing and still providing good clinical care. We noted a 

five-fold increase in transmissions (from 8 to 38) for lesions of concern by participants, most 

(37/38) within the first six months after the pandemic started. This may reflect additional 

anxiety caused by the pandemic in high-risk patients and possibly 
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increased self-skin examinations by patients. The COVID-19 pandemic allowed participants 

to appreciate the value of mobile teledermoscopy, especially during lockdown periods, limiting 

their physical access to healthcare. The impact on the level of acceptance and confidence in 

mobile teledermoscopy during the pandemic further highlights the advantages of mobile 

teledermoscopy. 

 

The financial cost is another barrier. A Singaporean survey found that most prefer 

teleconsultation if it costs less than half of face-to-face visits.(73) Health professionals have 

been concerned that mobile teledermoscopy can reduce doctor-patient interactions and impair 

relationships. Confidence in clinical care may thus reduce, increasing the chance of 

successively repeated consultations or ‘doctor shopping’. In this possible scenario, Medicare 

will likely tighten the governance of billing for doctors, either in the number of teledermatology 

consults or the billing amount per consultation, all occurring as a snowball effect.(74) We could 

not assess this concern in this study. 

 

4.6 Medicolegal Concerns 

 

Though not within the scope of our study, medico-legal concerns regarding mobile 

teledermoscopy must be addressed. These include informed consent, standards in image 

quality, competency of teledermatologists, documentation of reviews and advice, data storage, 

and privacy. The Victorian Department of Health and Human Services has published a report 

with expert opinions entitled ‘Medico-legal aspects of telehealth services for Victorian Public 

Health Services’.(75) This is a reference for teledermatology providers to guide clinical 

implementation. The consent process is a concern that must be addressed. The Victorian report 

suggests that the patient needs to be ‘free of coercion’ and ‘has the capacity’ to perform mobile 

teledermoscopy while being informed of diagnostic accuracies, particularly in comparison with 

face-to-face visits. The Australian College of Dermatologists maintains the competencies of 
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teledermatology providers through dermatology training. Government funding for the 

Australian Centre of Excellence in Melanoma Imaging and Diagnosis cohort study will include 

teledermatology as one of its primary objectives.(76) High-quality equipment and set-up for 

major hospitals to provide teledermatology services and a supervised teledermatology training 

position are part of the initiative. Documentation of findings and management advice conveyed 

to the patient was based on the impression from the transmission review. Organisations must 

retain health records for a minimum of seven years. In addition to physical data storage 

security, the cloud services inherent in mobile teledermoscopy must be secure. Privacy 

legislation and policies are maintained at three levels: organisation, state and the 

Commonwealth. The breach of privacy has to be informed, the risk of harm clarified and the 

steps of data recovery or additional preventative measures demonstrated to the individual. 

Psychosocial support would also need to follow.(75,77) A Singaporean survey found that 

females and religious conservatives were most concerned about data security and privacy.(73) 

Privacy issues with smartphone users threaten both patient-to-doctor and doctor-to-doctor 

transmissions. Bodies of governance (organisation, state and the Commonwealth) constantly 

warn of the limited data protection in smartphone use among doctors (78) and scrutinising 

smartphone apps for medico-legal concerns. Sensitivity to cultural and linguistic barriers is 

advised, especially in heterogeneous populations. Images of body parts saved on a web-based 

platform, although secured, may not be appreciated by religiously conservative individuals. 

Most apps for mobile teledermoscopy are in English, which causes a language barrier.(79) 

Cultural and linguistic barriers have medico-legal implications as well. 

 

4.7 Strengths of Our Study 

 

We chose a cohort design to enable a comprehensive assessment and realistic understanding of 

the implementation of mobile teledermoscopy in high-risk melanoma patients, with data 
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closely representative of clinical care and cost. This study found a reduction in patient-based 

time-to-treatment as part of the primary outcome. Another strength of this study was the 

accountability of costs from all expectations of care –other forms of diagnostic methods applied 

including biopsies and surgical or non-surgical treatments provided. This study reflects clinical 

practice when treatment is decided jointly between the patient and doctor; excisions were 

sometimes carried out for cosmetic reasons or due to the patient’s uncertainty or anxiety. 

Mobile teledermoscopy is a feasible strategy for diagnosing skin cancers, particularly 

melanomas. Our research showed increased concerns for their skin in high-risk patients, with a 

five-fold increase of transmission for lesions of concern during the COVID-19 pandemic. 

Mobile teledermoscopy was advantageous in avoiding face-to-face visits either during 

lockdowns or at their choice. Aversion of nearly 40% of face-to-face visits was noted, which is 

beneficial to patients and potentially to the healthcare system. We also observed high 

confidence levels and acceptability of mobile teledermoscopy in high-risk patients. 

 

4.8 Limitations 

 

Our cohort study design did not minimise confounding factors or biases such as in randomised 

control trials. Recruitment was initially limited in number (Cohort 1) because of a 40% non- 

response rate and a further 35% of invited participants with non-attendance at either site at the 

MIA or SMDC. A later increase in participation (Cohort 2) was likely due to less constrain of 

a three-month study and possibly the COVID-19 pandemic, which necessitated telemedicine 

and motivated interested patients to use mobile teledermoscopy. Another study design feature 

worthy of mention is the exclusion of patients who did not have smart devices. This will likely 

impact the study applicability on the elderly population who may not have these smart devices 

or have the ability to utilise their apps well, yet are of increased risk of developing melanoma. 

 

Due to a lack of historical data, the study could not determine the time-to-treatment for 
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previously excised lesions of concern identified by participants one year before the 

intervention. Therefore, the change in time-to-treatment was best represented by the difference 

in the time interval from the last dermatology visit to the time of excision, as described in the 

present study. Time-to-response is another measure that would ideally be collated if 

transmissions were performed purely through the app during the study. Our participants 

notified the doctors of the transmissions they had provided via email. This would have allowed 

delays up to the day before the dermatologists were informed of the transmission, thereby 

creating inaccuracies in the time-to-response data.  

Unlike other studies, we did not calculate the incremental cost-effectiveness ratio, that is, the 

cost difference relative to the change in health outcomes (number of days saved). This is 

because a high or low incremental cost-effectiveness ratio could not indicate whether mobile 

teledermoscopy had good value-for- money, as there was no proven willingness to pay for such 

a change to clinical care. The study could not attain the value of one day (of time-to-treatment) 

saved by mobile teledermoscopy. Therefore, it was more appropriate to present the data in a 

disaggregated format, that is, the costs and benefits separately, and allow decision makers to 

decide whether mobile teledermoscopy is a good value. Follow-up data were unavailable when 

the COVID-19 pandemic made it difficult for participants to attend the clinic in person at the 

end of the study. The HRQOL questionnaires were not completed in significant numbers to 

enable meaningful analysis. Consequently, a cost-effectiveness analysis was not performed. 

 

The outcomes of our cost model were based on the Australian MBS in an outpatient setting 

and did not apply to non-Australian settings. The cost of care from GPs or surgeons was based 

on histopathology updates of excisions by them and the participants’ records, of which data 

were subjected to recall bias. 

 

Our attempt to assess changes in HRQOL over a year of intervention failed due to a lack of 

data. Moreover, there may be confounding factors from the effect of the COVID-19 pandemic, 
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for example, increased depressive symptoms (81), that could not be accounted for in our study. 

An Australian study on mobile teledermosocopy did not observe any change in FCRI or 

Depression, Anxiety and Stress scale over the six months of study.(55) Appreciable changes in 

HRQOL may be more relevant when mobile teledermoscopy is assessed over an extended time 

interval to observe whether there is indeed a shift in attitude and behaviour towards anxiety or 

fear of melanoma recurrence. 

 

Despite the capability of mobile teledermoscopy to guide treatment and avert or fast-track 

visits, its reliability depends on patients providing quality transmissions for assessment. Error in 

identifying the correct lesion can be resolved by informing the patient to re-transmit. This 

would be the same for transmissions with poor-quality images, recognising that this involves 

time and effort spent on both the practitioner’s and patient’s parts. However, we are concerned 

about the non-attempted transmissions, which remained ‘forgotten’ despite repeated reminders. 

A 9% risk of failure to transmit in our study was alarming. There can be potential medicolegal 

concerns. Additionally, most (6 times more) melanomas were diagnosed at face-to-face visits, 

reinforcing that mobile teledermoscopy cannot entirely replace conventional practice.  
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4.9 Conclusion and Recommendations 

 

Our study tested the feasibility of mobile teledermoscopy realistically and showed that it is a 

reliable strategy for direct patient-to-doctor referrals. It enhances the early detection of skin 

cancers by reducing the time-to-treatment, with no negative impact on clinical care. We found 

that assessments via mobile teledermoscopy were as effective as dermoscopy examinations 

during face-to-face visits. Most referrals via mobile teledermoscopy are benign lesions, which 

can be a cost burden to the healthcare system. However, there was an aversion and/or fast-

tracking of 35–40% of the visits. Relief of pressure on the healthcare system may be possible, 

leading to potential savings in hidden costs, which the study could not account for. Importantly, 

it can be safely used for the diagnosis of melanoma. Even though baseline anxiety levels are 

elevated in high-risk cutaneous melanoma patients, our participants’ confidence and 

willingness to utilise this teledermatological strategy are encouraging. Issues with mobile 

teledermoscopy are identified at the early stages of transmission, particularly of lesions selected 

for SDDI. The problems include the wrong lesion transmitted, poor image quality and failure 

to provide transmission. 

 

4.9.1 Recommendations: Future Implementations 

 

The cost of a portable dermatoscope and the steep learning curve for patient-initiation of 

transmission via mobile teledermoscopy are the primary initial limiting factors for patients to 

adopt this strategy. This strategy is reserved for younger patients with relatively higher 

educational levels and a willingness to invest. The education and equipment phases of the 

patient are essential for initial clinical implementation. Besides the time spent teaching and 

reteaching the patient, a video and/or an instruction sheet on how to perform a teledermoscopy 

transmission will be helpful for patients to refer to. The clinic set-up to accommodate mobile 
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teledermoscopy needs to be failproof, such as setting reminders for patients and doctors when 

SDDI of identified lesions is due. Patients can be provided education on self-examination 

clinically with the ‘naked eye’, for example, with the ‘ugly duckling sign’ and/or ABCD rule 

(81,82) - asymmetry, border irregularity, colour variegation and diameter more than 6 mm – or 

a simpler version, the AC rule (66), as pre-test probability (before mobile teledermoscopy). 

Patients can also be provided with a booklet containing dermoscopy images of melanomas of 

variable pigmentation as references when examining them with their teledermatoscope. 

 

Mobile teledermoscopy is proving to be a sound diagnostic strategy applicable in various 

scenarios, for example, remote access due to travel distance or during a pandemic, such as 

COVID-19. Mobile teledermoscopy will find its role best suited as an addition to conventional 

in-clinic practice. Practitioners should be selective of the patients they depend on to promptly 

transmit evaluable images. This is particularly so when applied in sequential digital 

dermoscopy imaging of lesions. A system of reminders needs to be set up in both the app and 

the clinic. Like attendance of doctor’s appointments, patients should be informed that, 

ultimately, the duty lies in them to produce the transmission. The most significant advantage 

of mobile teledermoscopy is its use for the patient’s lesions of concern. Face-to-face visits can 

be avoided – saving time, money or effort – especially when the patient is concerned about 

only one or two lesions. Practitioners must also be mindful that mobile teledermoscopy may 

require retakes and reteaching, which will take time and effort. It is important that these are to 

be addressed in the consent process for mobile teledermoscopy. Currently, mobile 

teledermoscopy is offered to patients for a fully privatised fee, with no MBS subsidy. 
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 In our professional opinion, patients can optimally apply mobile teledermoscopy if: 

 

i. used either (a) to raise concerns regarding lesions or (b) as part of SDDI for doctors 

to monitor lesions 

ii. A full skin examination has been performed within the past 6-24 months (depending 

on when the last treatment of melanoma was). 

iii. A trusting and understanding doctor-patient relationship is well-established 

 

iv. Proper education is provided to transmit evaluable images 

 

v. A good understanding of the pros and cons is demonstrated 

 

vi. Reminded that mobile teledermoscopy should not replace an in-clinic regular full 

skin examination because most melanomas are diagnosed at the latter  

vii. Self-skin examinations with TBP images as reference are encouraged to assess any 

lesion of concern before transmission 

viii. Doubtful of recommendations from mobile teledermoscopy, a face-to-face visit is 

advised. 

 

4.9.2 Recommendation: Further Research 

 
Teledermoscopy using artificial intelligence with CADs has been studied for melanocytic 

lesions. Different algorithmic approaches for the diagnosis of melanoma have been examined 

globally.(67,83,84) Clinical trials using mobile teledermoscopy with CADs to help triage 

lesions or provide a second opinion for the assessing doctor will be promising. A direct 

comparison of teledermoscopy performed by specialists versus CADs with a randomised 

controlled trial could help to understand the efficiency of these tools. The positive feedback 

from the patients in our study, mainly from the high-risk melanoma population, further 

encourages research in mobile teledermatology and its application. 
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Appendices 

Appendix A: Information for Participants 

INFORMATION FOR PARTICIPANTS    
 
Mobile teledermoscopy for high-risk cutaneous melanoma patients 
(MOBILEMEL) 
 

Chief Investigator: Dr. Arthur Martin Protocol Number:  MIA 2018/243  

Why are we performing this study? 
 
You are invited to take part in a study on teledermatology-assisted monitoring at home with 
dermoscopy transmission of suspicious lesions.  The objective is to investigate whether patients can 
transmit sufficient information and correct images taken of skin lesions that concerns them, with a 
portable dermatoscope (the device allows magnified images of skin lesions under polarised light) 
and its app adapted to their smart devices.  The research will also look whether patient-initiated visit 
can allow an earlier detection of melanoma or non-melanoma skin cancer with less severe 
characteristics, reducing the number of doctor visits, excision and the cost involved, while 
maintaining a good quality of life. 
 
Who is responsible for this study? 
 
The study is being conducted within this institution by the following: 

• Dr. Arthur Martin [MBBS, MRCP; Masters student at The University of Sydney and affiliated to 
the Melanoma Institute of Australia; Chief investigator) 

• A/Prof. Pascale Guitera [FACD, PhD; Director of the Sydney Melanoma Diagnostic Centre at 
Royal Prince Alfred Hospital (RPAH) and the Dermatology Department at Melanoma Institute 
Australia (MIA)] 

• A/Prof. Anne Cust PhD (Cancer Epi) [Epidemiologist leading the Cancer Epidemiology and 
Prevention Research group at the School of Public Health, The University of Sydney and 
affiliated to the Melanoma Institute of Australia (MIA)] 

• A/Prof. Rachael Morton MSCMed (Clin Epi)(Hons), PhD (health economics) [Director of health 
Economics at the NHMRC Clinical Trials Centre, Sydney Medical School, University of Sydney] 

• A/Prof. Nadine Kasparian PhD (Med Psychol) [Head of Psychology at the Heart Centre for 
Children and affiliated to the Harvard Medical School, Harvard University, Boston, USA] 

• Dr. Serigne Lo [ Senior Statistician and Senior Research Fellow in Biostatistics at the University 
of Sydney] 

• Mr. Majid Razmara, chief technology officer and co-founder of MetaOptima 
 
What is needed for you to participate? 

 
• If you agree to participate in this study, you will be asked to sign the Participant Consent 

Form and the Participant’s Card (to record your preferred method of communication and 
the make/model of your smart device) 

• You will need a smart phone or tablet 

• You will need to have access to internet 
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• You will have to be able to upload the images via an app 
• You will need someone available to assist with taking images of unreachable areas of your 

body 
 
What is important to know if you cannot and/or do not want to participate? 
 
Participation in this study is entirely voluntary.  You do not have to take part in it, and you do not 
need to give any reason. Whatever your decision, please be assured that it will not affect your 
medical treatment or your relationship with the doctor and staff who are caring for you. You will 
continue to be cared for with our current standard of medical treatment. 
 
What activities that you need to perform? 
 
This study will evaluate if teledermatology-assisted monitoring at home with dermoscopy 
transmission of suspicious lesions can provide optimal care, reduce costs and improve quality of life. 
This intervention will replace the need for patients to travel down to the clinic between their 
scheduled full skin checks, and it will cost less than a visit here at the Melanoma Institute of 
Australia. 
 
The study period is over 1 year. During the study period, there are three main activities required of 
you: 

A. Transmission of clinical and dermoscopy images 
B. Record all costs incurred in a diary 
C. Completion of questionnaires before and after the study 

 
A. Regarding transmission of dermoscopy image. 
You will be: 

1. Provided with a portable dermoscope, called MoleScopeTM, that attaches to your smart 
phone or device 

2. Taught how to take images of skin lesions with the MoleScopeTM  
a. First, a clinical image of the body part where the skin lesion is 
b. Second, a dermoscopy image of the skin lesion of concern 
c. Third, attach notes about the skin lesion in the transmission 

3. Taught how to transmit these images securely via the its app.  
4. The MoleScopeTM is given to participants at no charge. Transmissions during this study period 

will not cost the participants. 
 
Please be aware that the images are reviewed by your dermatologists on a secured web-based 
platform called DermEngineTM, that is  

• currently being used at the Melanoma Institute of Australia for storage of patient’s images.  
• created by MetaOptima, a company based in Canada,  
• consistently maintained by MetaOptima, including image privacy and security (see segment 

below on “privacy”) 
 
Upon receiving your transmission of a dermoscopy image, an email is sent to the dermatologist as a 
reminder to review the image. The transmission will also remain on the front page of the 
dermatologist’s account on DermEngineTM until the image is reviewed. You will be contacted of the 
decision by phone. You are to contact the clinic if no feedback is obtained from your dermatologist 
after 2 working days.  
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There are two scenarios when you will need to transmit a dermoscopy image: 
A) When you do find any skin lesion that you are concerned about, whether it is new or 

changing, and 
B) When your dermatologist wants to monitor a skin lesion, and needs a follow-up dermoscopy 

image at 3 or 6 months 
 
At the 3- or 6-month mark, if we do not receive a transmission regarding the skin lesion identified by 
your dermatologist, you will receive a phone call or email, depending on how you would like to be 
contacted. 
 
Upon review by your dermatologist, the skin lesion will be triaged with 3 outcomes: 

1) Needs to be excised (that is, removed surgically); we will contact you and organise an 
appointment as per normal practice 

2) monitor, or re-monitor; we will ask you to transmit a further image 3 months after 
3) no further treatment; we will see you at your next scheduled full skin check 

 
The only intervention studied in this research is the way the information and image is transmitted to 
the dermatologist. All decisions and management after this transmission will be according to the 
standard of care. You will be informed of the decision by phone. 
 
B. Record all costs incurred with the participant’s diary 
During the period of participation, we will also require that you keep a diary of all transmissions, and 
any visit to any doctors when a skin lesion(s) is excised, specifically: 

• type of visit (general practitioners, skin cancer specialists, dermatologists, surgeons or any 
others),  

• the date,  
• the cost,  

• number of excisions at that visit 
• body sites of lesions excised. 

 
Please ask the doctor to ensure the histopathology report is also sent to the Department of 
Dermatology at the Melanoma Institute of Australia.  
 
We will require that you submit the participant’s diary every 3 months to Dr. Arthur Martin for 1 
year, that will be 4 submissions. Email is to be directed to arthur.martin@melanoma.org.au.  
 
If we do not receive an update of the diary, please be aware that you will be contacted by email 
and/or phone as a reminder to submit an updated diary. If you have any questions, Dr. Arthur 
Martin can be contacted on 0435759952 or at Suite 8 of the Melanoma Institute of Australia on (02) 
9911 7277. 
 
C. Completion of questionnaires before and after the study 
You will need to complete 2 questionnaires on health-related quality of life before and after the 
study is completed to understand if there will be any change in your quality of life with the 
introduction of this teledermatology intervention.  
 
There is also a 3rd questionnaire at the end of the study to assess your interaction with the 
intervention, specifically the use of the portable dermoscope, MoleScopeTM. 
 
Therefore, attached are 2 questionnaires for completion and you can return them at the initial visit 
or at your next full skin check (*). At the end of the study period (1 year), you will receive 3 
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questionnaires in your mail that needs to be completed and returned through email to Dr. Arthur 
Martin. 
 
When you do want to participate: 
 
Please complete the participation card and return it to Dr. Arthur Martin at your preference: via 
email at arthur.martin@melanoma.org.au or via message at 0435759952. You may take an image of 
the completed participation card and send it via email or message. 
 
Please also complete the 2 questionnaires and the consent form, and you can return it at the initial 
visit or your next full skin check (*). 
 
*An initial visit can be organised that will take 10-15 minutes, and the following will be completed: 

• a consent form 
• 2 questionnaires on your quality of life before the intervention 

• tutorial on how to use the portable dermoscope, MoleScopeTM, and its app 
• Record of your background information (please see next segment on “access to your 

information” for what details will be gathered 
 
Alternatively, this can be organised at your next full skin check if that appointment has been 
scheduled within the next 6 weeks from the time the invitation package is sent out. 
 
Access to your information 
 
In addition, the researchers would like to have access to your electronic medical record to obtain 
information relevant to this study. Background information that will be gathered from you include 
the following: age, gender, country of birth, marital status, family size, highest education level, salary 
per year. The number of and the type of doctor visits, the number of excision and the site on body 
you had in the year of 2018/ 2019 will also be collected from you (with dates, if available). To 
facilitate data collection, please have these data ready on the day of the initial visit*. 
 
What is required of a dermoscopy image? 
 
It is important that you  
1. transmit a dermoscopy image as scheduled, that is, either 3 or 6 months 
2. transmit a dermoscopy image of the right lesion 
3. transmit a demoscopy image of good quality 
 
In the event of situation 1,2, or 3 occurring, we will contact you and if we cannot obtain a correct 
image, we will ask that you book an appointment at the clinic with us. There is no refund of 
transmission of dermoscopy image. 
 
Privacy 
 
With respect to privacy of the images of your skin lesions on DermEngineTM, please refer to the 
webpage on privacy policy of MetaOptima: https://www.dermengine.com/privacy 
 
“We [MetaOptima] follow generally accepted industry standards to protect the information 
submitted to us [MetaOptima], both during transmission and once we [MetaOptima] receive it. We 
[MetaOptima] maintain appropriate physical, technical and administrative safeguards to protect 
Personal Information against accidental or unlawful destruction, accidental loss, unauthorized 
alteration, unauthorized disclosure or access, misuse, and any other unlawful form of processing of 

mailto:arthur.martin@melanoma.org.au
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the Personal Information in our possession. However, no method of transmission over the Internet, 
or method of electronic storage, is 100% secure. We [MetaOptima] cannot ensure or warrant the 
security of any information you transmit to us[MetaOptima] or store on the Service, and you do so 
at your own risk. We [MetaOptima] also cannot guarantee that such information may not be 
accessed, disclosed, altered, or destroyed by breach of any of our physical, technical, or 
administrative safeguards. If you believe your Personal Information has been compromised, please 
contact us [MetaOptima] as set forth in the “Contact Us” section. If we learn of a security systems 
breach, we [MetaOptima] will inform you and the authorities of the occurrence of the breach in 
accordance with applicable law.” 
 
Benefits 
 
While we intend that this research study furthers medical knowledge and may improve treatment of 
skin cancers in the future, it may not be of direct benefit to you. The immediate benefits to you are 
cost reduction (explained below) and saving time on travel. 
 
Costs 
 
We shall not charge the patient for both the transmissions and the MoleScopeTM device itself. The 
protocol has been amended. 
 
Voluntary Participation 
 
Participation in this study is entirely voluntary.  You do not have to take part in it.  If you do take 
part, you can withdraw at any time without having to give a reason.  Whatever your decision, please 
be assured that it will not affect your medical treatment or your relationship with the doctor and 
staff who are caring for you. Of the people treating you, only the staff at the Melanoma Institute of 
Australia will be aware of your participation or non-participation. 
 
Confidentiality 
 
All the information collected from you for the study will be treated confidentially, and only the 
researchers named above will have access to it. The study results may be presented at a conference 
or in a scientific publication, but individual participants will not be identifiable in such a 
presentation. 
 
Further Information 
 
When you have read this information, Dr. Arthur Martin will discuss it with you further and answer 
any questions you may have.  If you would like to know more at any stage, please feel free to 
contact him/her on 0435 759 952 or at arthur.a.martin@gmail.com. This information sheet is for you 
to keep. 
 
What if you have a complaint or any concerns? 
 
The conduct of this study at the Melanoma Institute of Australia and the Royal Prince Alfred Hospital 
has been approved by the Ethics Review Committee (RPAH Zone) of the Sydney Local Health District.  
Any person with concerns or complaints about the conduct of this study should contact the Executive 
Officer on 02 9515 6766 and quote protocol number MIA 2018/243. 
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Appendix B: Participation Card 
 

PARTICIPATION CARD 
Study:  
MOBILEMEL - Mobile teledermoscopy for high-risk cutaneous melanoma patients  
 
If you do want to participate in this study, please complete the card so that we know your preferred 
contact details and method of contact: 
 
Your name: __________________________________________________________ 
Address: ____________________________________________________________ 
Mobile phone: ________________________________________________________ 
Email address: _______________________________________________________ 
 
The best days and times to contact me are:  
Day ____________________________________________,  
Time ___________________________________________ 
 
The best way to send me reminders during the study is by: 
 

 SMS 
 

 Email 

 
Please tick if you have a smart phone with a camera and internet access. 

 Yes 
 

 No

Please state brand and model (e.g. iPhone 8, Samsung Galaxy S9 Plus, iPad Air 2): 
______________________________________________ 
 
 
I have someone who can assist with taking dermoscopy image of unreachable areas.  
 

 Yes. Please state who: 
Relation_____________________ 

 No 

 
 
If we are unable to contact you, please list your emergency contact person: 

 Name____________________/Relation________________/ Phone:______________ 
 
 
Please state the date you can come to The Melanoma Institute of Australia (Suite 8, The Poche 
Centre on 40 Rocklands Road, Wollstonecraft) for the consent process, tutorial on MoleScopeTM, 
completion of the 2 surveys attached, and the diary to be given to you: _________________ 
 

Please return the completed participation card to Dr. Arthur Martin through email at 
arthur.a.martin@gmail.com 

- You may also take a photo and send it to the above email or to 0435 759 952. 
 

mailto:arthur.a.martin@gmail.com
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Appendix C: Assessment of Quality of life-8D (AQoL-8D) 
 

To be used with STATA utility algorithm version 12 and SPSS utility algorithm version 15 

and Excel Unweighted scoring version 2.  

(* Include response ‘once or twice a week’ in question 6.)  
 

Tick the box that best describes your situation as it has been over the past week  
 
Q1 How much energy do you have to do the things you want to do?  
I am  
❑ always full of energy  

❑ usually full of energy  

❑ occasionally energetic  

❑ usually tired and lacking energy  

❑ always tired and lacking energy.  
 
Q2 How often do you feel socially excluded or left out?  
❑ never  

❑ rarely  

❑ sometimes  

❑ often  

❑ always  
 
Q3 How easy or difficult is it for you to get around by yourself outside your place of residence 
(e.g., to go shopping, visiting)?  
❑ getting around is enjoyable and easy  

❑ I have no difficulty getting around outside my place of residence  

❑ a little difficulty  

❑ moderate difficulty  

❑ a lot of difficulty  

❑ I cannot get around unless somebody is there to help me.  
 
Q 4 Does your health affect your role in your community (e.g., residential, sporting, church or 
cultural activities)?  
❑ my role in the community is unaffected by my health  

❑ there are some parts of my community role I cannot carry out  

❑ there are many parts of my community role I cannot carry out  

❑ I cannot carry out any part of my community role  
 
Q5 How often do you feel sad?  
❑ never  

❑ rarely  

❑ some of the time  

❑ usually  

❑ nearly all the time.  
 
Q6 How often do you experience serious pain?  
I experience it  
❑ very rarely  

❑ less than once a week  

❑ once or twice a week*  

❑ three to four times a week  

❑ most of the time.  
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Tick the box that best describes your situation as it has been over the past week  
 
Q7 How much confidence do you have in yourself?  
❑ Complete confidence  

❑ A lot  

❑ A moderate amount  

❑ A little  

❑ None at all  
 
Q8 Do you normally feel calm and tranquil or agitated?  
I am  
❑ always calm and tranquil  

❑ usually calm and tranquil  

❑ sometimes calm and tranquil, sometimes agitated  

❑ usually agitated  

❑ always agitated  
 
Q9 Does your health affect your relationship with your family?  
❑ my role in the family is unaffected by my health  

❑ there are some parts of my family role I cannot carry out  

❑ there are many parts of my family role I cannot carry out  

❑ I cannot carry out any part of my family role.  
 
Q10 How satisfying are your close relationships (family and friends)?  
❑ very satisfying  

❑ satisfying  

❑ neither satisfying nor dissatisfying  

❑ dissatisfying  

❑ unpleasant  

❑ very unpleasant  
 
Q11 How well do you communicate with others (talking, signing, texting, being understood by 
others and understanding them)?  
❑ I have no trouble being understood  

❑ I have some difficulty being understood by people who do not know me.  

❑ I am understood only by people who know me.  

❑ I cannot adequately communicate with others.  
 
Q12 How often do you have trouble sleeping?  
❑ never  

❑ almost never  

❑ sometimes  

❑ often  

❑ all the time  
 
Q13 How often do you feel worthless?  
❑ never  

❑ almost never  

❑ sometimes  

❑ usually  

❑ always  
 
Q14 How often do you feel angry?  
❑ never  

❑ almost never  

❑ sometimes  

❑ often  

❑ all the time  
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Q15 How easy or difficult is it for you to move around (using any aids or equipment you need, 
e.g., a wheelchair, frame or stick)?  
❑ I am very mobile  

❑ I have no difficulty with mobility  

❑ I have some difficulty with mobility (for example, going uphill)  

❑ I have difficulty with mobility. I can go short distances only,  

❑ I have a lot of difficulty with mobility. I need someone to help me  

❑ I am bedridden.  
 
Q16 Do you ever feel like hurting yourself?  
❑ never  

❑ rarely  

❑ sometimes  

❑ often  

❑ all the time  
 
Q17 How enthusiastic do you feel?  
❑ extremely  

❑ very  

❑ somewhat  

❑ not much  

❑ not at all  
 
Q18 How often did you feel worried in the last seven days?  
❑ never  

❑ occasionally  

❑ sometimes  

❑ often  

❑ all the time.  
 
Q19 How difficult is it for you to wash, toilet, dress yourself, eat or care for your appearance?  
❑ these things are very easy for me to do  

❑ I have no real difficulty in doing these things  

❑ I find some of these things difficult, but I manage to do them on my own  

❑ many of these things are difficult, and I need help to do them  

❑ I cannot do these things by myself at all.  
 
Tick the box that best describes your situation as it has been over the past week  
 
Q20 How often do you feel happy?  
❑ all the time  

❑ mostly  

❑ sometimes  

❑ almost never  

❑ never  
 
Q21 How much do you feel you can cope with life’s problems?  
❑ completely  

❑ mostly  

❑ partly  

❑ very little  

❑ not at all.  
 
Q22 How much pain or discomfort do you experience:  
❑ none at all  

❑ I have moderate pain  

❑ I suffer from severe pain  

❑ I suffer unbearable pain.  
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Q23 How much do you enjoy your close relationships (family and friends)?  
❑ immensely  

❑ a lot  

❑ a little  

❑ not much  

❑ I hate it  
 
Q24 How often does pain interfere with your usual activities?  
❑ never  

❑ rarely  

❑ sometimes  

❑ often  

❑ always  
 
Q25 How often do you feel pleasure?  
❑ always  

❑ usually  

❑ sometimes  

❑ almost never  

❑ never  
 
Q26 How much of a burden do you feel you are to other people?  
❑ Not at all  

❑ A little  

❑ A moderate amount  

❑ A lot  

❑ totally  
 
Tick the box that best describes your situation as it has been over the past week  
 
Q27 How content are you with your life?  
❑ extremely  

❑ mainly  

❑ moderately  

❑ slightly  

❑ not at all  
 
Q28 How well can you see (using your glasses or contact lenses if they are needed)?  
❑ I have excellent sight  

❑ I see normally  

❑ I have some difficulty seeing things sharply. (e.g. small print, objects in the distance, or watching 
television)  

❑ I have a lot of difficulty seeing sharply.  

❑ I only see general shapes.  

❑ I am completely blind.  
 
Q29 How often do you feel in control of your life?  
❑ always  

❑ mostly  

❑ sometimes  

❑ only occasionally  

❑ never.  
 
Q30 How much help do you need with jobs around your place of residence (e.g., preparing 
food, cleaning, gardening)?  
❑ I can do all these tasks very easily without any help  

❑ I can do these tasks relatively easily without help  

❑ I can do these tasks only very slowly without help  

❑ I cannot do most of these tasks unless I have help  

❑ I can do none of these tasks by myself.  
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Q31 How often do you feel socially isolated?  
❑ never  

❑ rarely  

❑ sometimes  

❑ often  

❑ always  
 
Q32 How well can you hear (using your hearing aid if needed)?  
❑ I have excellent hearing  

❑ I hear normally  

❑ I have some difficulty hearing or I do not hear clearly (eg when there is background noise)  

❑ I have difficulty hearing things clearly. Often I do not understand what is said. I usually do not take 
part in conversations because I cannot hear what is said.  

❑ I hear very little  

❑ I am completely deaf. 
 
Tick the box that best describes your situation as it has been over the past week  
 
Q33 How often do you feel depressed?  
❑ never  

❑ almost never  

❑ sometimes  

❑ often  

❑ very often  

❑ all the time  
 
Q34 How happy are you with your close and intimate relationships?  
❑ very happy  

❑ generally happy  

❑ neither happy nor unhappy  

❑ generally unhappy  

❑ very unhappy  
 
Q35 How often did you feel in despair in the last seven days?  
❑ never  

❑ occasionally  

❑ sometimes  

❑ often  

❑ all the time.  
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Appendix D: Fear of Cancer Recurrence Inventory (FCRI) 
 

The following questions hopes to achieve a better understanding of your experience 
of concerns about melanoma recurrence. After reading each statement, please circle 
the appropriate number to indicate to what degree it is applicable to your experience 
during the past 1 month. 
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Appendix E: Participant Consent Form 
 

 
 

Mobile teledermoscopy for high-risk cutaneous melanoma patients (MOBILEMEL) 
 

 
PARTICIPANT CONSENT FORM 

 
I, ..................................................................................................................................... [name]  
 
of ………………………………………………………………………………………………………… 
 
..............................................................................................................................…. [address] 
 
have read and understood the Information for Participants on the abovenamed research 
study 
 
and have discussed the study with 
.............................................................................................. 
 
I have been made aware of the procedures involved in the study, including any known or 
expected inconvenience, risk, discomfort or potential side effect and of their implications as 
far as they are currently known by the researchers. 
 
I understand that my participation in this study will allow the researchers and others, as 
described in the Information for Participants, to have access to my medical record, and I 
agree to this. 
 
I freely choose to participate in this study and understand that I can withdraw at any time. 
 
I also understand that the research study is strictly confidential. 
 
I hereby agree to participate in this research study. 
 
NAME:   
 ........................................................................................................... 
 
SIGNATURE:  
 ........................................................................................................... 
 
DATE:   
 ........................................................................................................... 
 
NAME OF WITNESS:  .................................................................................................. 
 
SIGNATURE OF WITNESS: .................................................................................................. 
 
 

Please bring the completed form on the initial visit or your next full skin check
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Appendix F: Phone Call Protocol 
 
PHONE CALL: RECRUITMENT AFTER 2 WEEKS WHEN INVITATION PACKAGE HAS 
BEEN SENT OUT (please ensure all words in italic have been said to patient) 
 
Hi, am I speaking to ________________?  
I am (Name), a (Occupation) calling from (MIA or RPA). 
 
PART A: 
Q1. Have you received the invitation to participate in the study entitled “Mobile 
teledermoscopy for high-risk cutaneous melanoma patients (MOBILEMEL)"? 
” 
If yes, go to Q2. 
If no, go to Q3. 
 
Q2. Have you decided if you would like to participate? 
If yes, go to Part B. 
If no, go to Q3. 
 
Q3. Your participation will greatly benefit yourself and others if found to be useful. 
Is this an appropriate time to explain what the study is about? It will only take 3min 
If yes, go to Explanation. 
If no, make an appointment to call them back. Date: Today / ________ Time ______ 
 
Explanation or when asked what the study is about: 
This study will evaluate if the introduction of a technique of monitoring skin lesions can 
provide optimal care, reduce costs and improve quality of life, and the study period is over 1 
year. 
 
This technique replaces the need for patients to travel down to the clinic between their 
scheduled full skin checks, and it will cost less than a visit here at the Melanoma Institute of 
Australia or at the Royal Prince Alfred Hospital. 
 
In the study, the participant is provided with a portable dermatoscope, called MoleScope, that 
attaches to a smart phone or device, and taught how to take pictures of any skin lesions. The 
participant is instructed to transmit the pictures of the skin lesion to us through a secured 
website, called DermEngine. DermEngine is currently being used at both sites for storage of 
patient’s pictures. An invite is sent through email for the participant to view pictures of only 
one’s own lesions on DermEngine. 
 
There are two scenarios where these tools will be useful: 

C) When you do find any skin lesion that you are concerned about, whether it is new or 
changing, and 

D) When your dermatologist wants to monitor a skin lesion, and needs a follow-up at 3 
or 6 months 

 
At the 3- or 6-month mark, if we do not receive a transmission regarding the lesion, you will 
receive a phone call or email, depending on how you would like to be contacted. 
 
The skin lesion will have 3 outcomes: 

4) excised 
5) monitored, or further monitored as in scenario (B) 
6) no further treatment 

 
During the period of participation, we will also require that the participant keeps a diary of any 
doctor visits regarding any skin lesion, and the cost of that visit. Any lesion removed during 
that visit will also need to be recorded. 
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Please ask the doctor to ensure the pathology report is also sent to 
the Department of Dermatology @ Melanoma Institute of Australia. 
 
Participants are contacted every 3 months during the period of study and asked of these 
details for record as well. 
 
A survey with 2 questionnaires will be required to be filled up before the study starts and after 
the study is completed to understand if there was any change in quality of life after using 
such technique for monitoring skin lesions. There is also a 3rd questionnaire at the end of the 
study to assess the participant’s interaction with the teledermatological intervention. 
 
 
PART B: 
 
When patient wants to participate: 
We would like to make an appointment with you to provide the dermocope, to teach you how 
to use the dermoscope, as well as how to transmit pictures to us through DermEngine. 
 

- Take note of the date of the appointment and enter it to Profile. 
 
We would like to update your email address so that you can receive an invite from 
DermEngine to view pictures of your lesions. 
 
Thank you for your time. 
 
--------------------------- 
 
***Regarding any questions about security: 
 
DermEngine is a secure web-base platform owned by MetaOptima. The creators at 
MetaOptima work closely with A/Prof Pascale Guitera and everyone at the MIA or RPAH with 
regular visit to the clinic to ensure efficiency and security.  
 
***Regarding any questions about the cost of transmission: 
 
There is no charge for the transmission of images. 
 
If there are more pressing questions, please refer patient to Dr Arthur Martin. 
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Appendix G: Email Protocol 
 

EMAIL: RECRUITMENT AFTER 2 WEEKS WHEN INVITATION PACKAGE HAS 

BEEN SENT OUT 

 

Dear Mr/Mrs/Mdm (name), 

 

We are conducting research for the high-risk cutaneous melanoma patients at the Melanoma 

Institute of Australia and the Royal Prince Alfred Hospital, and an invitation package for the 

study has been posted out to you and you may have received it in your letterbox, entitled 

“Mobile teledermoscopy for high-risk cutaneous melanoma patients (MOBILEMEL)”. 

 

We would like to understand if the introduction of a portable dermoscopy provided and the 

patient equipped with the necessary skills to perform their own photography of skin lesions 

can improved health outcomes in the field of skin cancer while observing a cost reduction and 

maintenance of a good health-related quality of life. 

 

If you do wish to participate in this research, you will be provided with a portable 

dermoscopy attachable to your smart device (phone or tablet, if compatible), taught how to 

use an application to transmit images to your dermatologists at both sites. In between full skin 

checks at the clinics, you can transmit images of skin lesions either your dermatologist would 

like to monitor, or that you have concerns of. This will replace face-to-face appointments for 

monitoring of skin lesions or face-to-face appointment for lesions that you have concerns for. 

Details of the study are in the “Information for Participants” form found in the invitation 

package. 

 

Please reply if you have received the invitation package. 

 

If you have not, you can request for it through your response to this email and we can send the 

invitation package via post again or via email, whichever is convenient. 

 

If you are interested to learn more about the study, and would like more information, please 

contact me, Dr Arthur Martin, by phone 0435759952. 

 

Thank you. 

 

Dr Arthur Martin 

For A/Prof Pascale Guitera and Dr Helena Collgros 

Melanoma Institute of Australia and the Royal Prince Alfred Hospital 
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Appendix H: Instruction Sheet (Part 1) 

 

 
 

Remember to download  on your phone before starting 

Open MoleScope App and log in to your account 

Follow the steps shown below 
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Appendix I: Instruction Sheet (Part 2) 

 

 
 

Remember to download  on your phone before starting 

Open MoleScope App and log in to your account 

 

 

 

 

 

 
If you want to photograph an existent lesion 

choose the spot you would like to update 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Touch here to take a photo of the body part where the 

mole is located 

 

 

 

 

 

 

Touch here to take a photo of the mole 

using the mole scope with its light on and some fluid between 

the lens and the skin 
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If you want to photograph a new lesion 

Click on the mole box 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Tap on the area of the body that you want to add the 

spot and click NEXT 

Repeat the steps on the 1st page, 2nd photo 

 

 

 

 
 

 

 

 

 
 

 
This is how the spot should look after 

completing all the steps 
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Melanoma Institute of Australia, Participant’s Diary, Version 2, 19/03/2019 

Appendix J: Participant’s Diary 
 

 

     
      
Title: Mobile teledermoscopy for high-risk cutaneous melanoma patients [MOBILEMEL] 

 

PARTICIPANT’S DIARY 
 
Please record the doctor visits regarding skin examinations, photography and excisions of 
lesions. 
 
These doctor visits should include visits to your 

• general practitioner (GP VISIT),  

• skin cancer specialist (SKIN CA CLINIC) 

• dermatologist (DERMATOL) 

• plastic / cosmetic surgeon (PL SURGEON) 

• others (OTHER VISIT) 
o please indicate if the doctor visit is to a head and neck surgeon, 

ear/nose/throat surgeon, general surgeon, gynaecologist, 
ophthalmologist etc. 

 
For every visit, the following details need to be recorded: 

• date of doctor visit, under the column: DATE OF doctor 

• Cost of the doctor visit, including Medicare rebate, under the column: COST 

• Number of excision / site of excision,  
under the column NO. EXCISION / SITE ON BODY 

 
If more than 1 excision occurs, please use the next row to enter the site of the subsequent 
excision(s) to ensure clearer records that are legible to read. 
 
 
Please submit this diary every 3 months to Dr. Arthur Martin (even if there were no visits 
during the period) to ensure an accurate account of the doctor visits. 
 
Email is to be directed to arthur.a.martin@gmail.com.  
 
If we do not receive an update of the diary, we may contact you by email and/or phone to 
give a reminder.  
 
Diary is to be submitted on: _________, __________, __________, _________ 
 
If you have any questions, Dr. Arthur Martin can be contacted on 0435759952 or at Suite 8 
of the Melanoma Institute of Australia on (02) 9911 7277. 
Your co-operation will be much appreciated.  

mailto:arthur.a.martin@gmail.com
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Enter date of visit & cost incurred + number & site of excision(s) / visit 

DATE OF  
GP VISIT 

COST 
NO. EXCISION / 
SITE ON BODY 

DATE OF  
SKIN CA 
CLINIC 

COST 
NO. EXCISION / 
SITE ON BODY 

            

            
            

            
            

            

            
            

            

            

Enter date of visit & cost incurred + number & site of excision(s) / visit 

DATE OF  
DERMATOL 

COST 
NO. EXCISION / 
SITE ON BODY 

DATE OF  
PL 

SURGEON 
COST 

NO. EXCISION / 
SITE ON BODY 

            

            

            

            

            

            

            

            

            

            

Enter date of visit & cost incurred + number & site of excision(s) / visit 

DATE OF  
OTHER VISIT 

TYPE OF DOCTOR COST 
NO. EXCISION / 
SITE ON BODY 
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MASTER Phone Call for Monitoring Reminder, Version 2, 19/03/2019 

Appendix K: Three-Month Phone Protocol 
 
PHONE CALL: 3 or 6 MONTH FOLLOW-UP (please speak the words in italic) 
 
 
Hi, am I speaking to ________________?  
I am (Name), a (Occupation) calling from (MIA or RPA). 
 
PART A 
We are calling to check if you have transmitted a picture of the lesion for monitoring to us? 
If yes, go to Part B. 
If no, take note of the reason (refer to table below) 
 
May I ask what was the problem? 
 

REASON TICK ACTION 

Do not know how to use MoleScope (dermoscope)  Book appointment 

Do not know how to use DermEngine (website)  Book appointment 

Unable to turn on MoleScope  Book appointment 

Unable to upload to DermEngine despite multiple tries  Book appointment 

Forgot to take one  Go to PART C 

Forgot which lesion to take  Go to PART C 

Does not have someone to help take a picture at the time  Go to PART D 

 
 
PART B: 
We have not received one, can you take one for us again, please? 

• Remind them where the lesion is (go to PART C) 
 
PART C: 

• Give the DermEngine SPOT number to the patient. 

• Inform which part of the body the lesion is on. 

• If patient was able to submit an image right away, check if it has been submitted. 
 
PART D 

• Check if patient is unlikely to find someone to take a picture at all, and if not, inform 
of the inability to continue with the trial, and the dermatoscope will need to be 
returned in the next appointment.  

• Book an appointment with the clinic photographer and their usual dermatologist for 
the patient. 

 
Thank you for your time. 
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Tick the box that best describes your interaction with MoleScope in the past 1 month 

Melanoma Institute of Australia, Survey on MoleScope, version 1, 30/10/2018 

Appendix L: Questionnaire on MoleScope 

 
Survey on Interaction with MoleScope  Version 1  30/10/2018 

 

How easy was it to take the body/clinical image with the app before attaching the MoleScope device? 

 

• • • • • 
1 

Very hard; 

Image need 5 or 

more take/mole 

2 3 4 5 

Very easy; 

image in one 

take/mole 

 

How easy was it to attach and remove the MoleScope device from your case? 

 

• • • • • 
1 

Very hard 

2 3 4 5 

Very easy 

 

How easy was it for you or your help to take the images of skin lesion with MoleScope device? 

 

• • • • • 
1 

Very hard; 

Image need 5 or 

more take/mole 

2 3 4 5 

Very easy; 

image in one 

take/mole 

 

How easy was it to take the images with the MoleScope device attached, on the following body parts: 

 
Face/Neck • • • • • 

 

Arm • • • • • 
 

Leg • • • • • 
 

Back • • • • • 
 

Chest/ • • • • • 
Abdomen  

1 

Very hard 

 

2 
 

3 
 

4 
 

5 

Very easy 

 

Other than imaging moles from your back or other unreachable areas of your body, how many times 

did you ask for someone’s help to take images of your skin lesion? 

 

• • • • • 
1 

Very hard 

2 3 4 5 

Very easy 

 

 

How easy was it to find the moles you were looking for in the Mole Box? 

• • • • • 
1 

Very hard 

2 3 4 5 

Very easy 
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Tick the box that best describes your interaction with MoleScope in the past 1 month 

Melanoma Institute of Australia, Survey on MoleScope, version 1, 30/10/2018 

How easy was it to find the moles you were looking for on the Body Map? 

 

• • • • • 
1 

Very hard 

2 3 4 5 

Very easy 

 

 

How do you rate each of the following features 

 

Mole Box 
 

• • • • • 

ABCD 

 

• • • • • 

Body map • • • • • 

 1 

Very hard 

2 3 4 5 

Very easy 

 

 

What features did you like most about the app? 

 

 

What features did you like least about the app? 

 

 

Any features were missing that you would like to see on the app? 

 

 

 

How useful do you think MoleScope could be in helping you to keep track your mole? 

 

• • • • • 
1 

Not useful at all 

2 3 4 5 

Very useful 

 

 

How effective do you think MoleScope could be in facilitating early diagnosis of skin cancer? 

 

• • • • • 
1 

Not useful at all 

2 3 4 5 

Very useful 

 

 
How confidently will you recommend MoleScope to others? 

 

• • • • • 
1 

Very poor 

2 3 4 5 

Very strong 
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Tick the box that best describes your interaction with MoleScope in the past 1 month 

Melanoma Institute of Australia, Survey on MoleScope, version 1, 30/10/2018 

How much would you consider paying for the device? 

 

A really good-bargain price is ________ 

 

A reasonable price is _________ 

 

Though pricey, a price you are prepared to pay is _________ 

 

Too expensive, would not pay more than _________ 

 

 

If you are worried about a mole, how much would you consider paying out of pocket for an online 

dermatologist consultation? 

 

A really good-bargain price is ________ 

 
A reasonable price is _________ 

 

Though pricey, a price you are prepared to pay is _________ 

 

Too expensive, would not pay more than _________ 

 

 

If you are still worried about your mole, would you pay for a second opinion from another 

dermatologist? 

• Yes    • No  

 

 

Any other comments about any aspect of the MoleScope system? 

 

 

 

 

 

 

Please return this completed questionnaire to Dr. Arthur Martin through email at 

arthur.martin@melanoma.org.au 

mailto:arthur.martin@melanoma.org.au
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Appendix M: Data Collection 
 

Data recorded in the data spreadsheet included: 

A. Demographic information 

- Age 

- Gender 

- Country of birth 

- Marital status 

- Family size 

- Highest education level 

- Household income per annum 

 

B. The number of mobile-teledermoscopy transmissions 

- Total images transmitted 

- Site of body of lesion transmitted 

- Fine-quality images transmitted 

- Poor-quality images transmitted that could not be effectively assessed, and 

reasons for the non-effective transmissions 

- Initiation of lesion, either by: 

i. Doctor-initiated SDDI for STM or LTM, or 

ii. Patient-initiated lesion of concern 

- Number of transmissions for lesions of concern from six months before and after 

COVID-19 pandemic started 

- Treatment decisions, that include: 

i. ‘fine’, benign 

ii. ‘STM’, to continue short-term SDDI with teledermoscopy 

iii. LTM, to continue long-term SDDI with teledermoscopy 

iv. STM CLINIC, short-term SDDI at next appointment in 3 months 

v. LTM CLINIC, long-term SDDI at next appointment in 6 months 

vi. CLINIC RV, review in clinic as soon as possible 

 

C. Visit interval, a measure of time interval to detection (explained in ‘data analysis’), was 

recorded in two ways: 

- Patient-based –  an average of the time interval of all excision from each 

participant was calculated 

- Lesion-based – an average of the time interval of all excisions, regardless of 

which participant had the excision 

 

D. The number of visits to the following doctors ONLY when a skin lesion was excised 

- General practitioner or Skin cancer specialist (General practitioner- trained) 

- Dermatologist 

- Surgeon, inclusive of plastic/cosmetic surgeon, head and neck surgeon, 

ear/nose/throat surgeon, general surgeon, gynaecologist, and ophthalmologist. 

 

E. Excisions 

- Total number of excision 

- Number of participants with and without excisions 

- Highest number of excision in one participant 

- Median number of excisions per participant 
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F. When a skin lesion was excised, to record 

- Histopathological diagnosis 

- Site on body where lesion was excised 

- Type of excision 

- If it was triaged via transmission 

i. If not, what was the reason for not transmitting with the portable 

dermatoscope and its app 

 

G. If the excised lesion was a melanoma, other details recorded were 

- Breslow thickness 

- Mitotic rate 

- Presence of ulceration 

- Sentinel node biopsy results 

- Number of nodes 

- Metastases 

 

H. Cost 

Face-to-face visits (new or recurrent) 

- Diagnostic tools used  at the visits included: 

i. total body photography 

ii. photography of individual lesion by melanographer at face-to-face clinic 

1. DM1-3: when 1-3 lesions were recorded 

2. DM4-10: when 4-10 lesions were recorded 

- Treatment: 

i. biopsies 

ii. excisions 

iii. surgical repairs (flap or graft) 

iv. cryotherapy for BCC 

v. cryotherapy for actinic keratosis (AK) 

- Cost of care (as per MBS scheduled fee), cost to patient (15%) and healthcare 

system (85%) 

-  

 

I. Psychology 

- AQoL-8D 

- FCRI 

- Survey of the use of the mobile tdermatoscope 
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Appendix N: Table of the Association of Demographic Characteristics with the 

Change in Healthcare Cost from the Use of Mobile Teledermoscopy 
 

Variable 

Male 

(n = 28) 

Female 

(n = 17)   p-value 

Change in healthcare cost       

mean (SD) -60.40 (1603) 172 (487)   0.527 

median (IQR) 33.90 (601) 257 (421)     

Variable 

Age 15 – 39 years 

(n = 4) 

Age 40 – 64 years 

(n = 29) 

Age > 65 years 

(n = 12) p-value 

Change in healthcare cost       
mean (SD) 411 (607) -139 (1467) 302 (957) 0.768 

median (IQR) 376 (891) 222 (533) 36.1 (609)   

Variable 

Australia 

(n = 34) 

English-speaking, 

non-Australian 

(n = 8) 

Non-English speaking, 

Non-Australian 

(n = 3) p-value 

Change in healthcare cost       

mean (SD) -103 (1433) 582 (610) 29.30 (398) 0.128 

median (IQR) 33.90 (510) 582 (736) 223 (361)   

Variable 

Household size  

1-2 persons 
(n = 26) 

Household size 

3 persons 
(n = 8) 

Household size  

≥ 4 persons 
(n = 10) p-value 

Change in healthcare cost       

mean (SD) -51.10 (1533) 376 (1004) -26.10 (864) 0.925 

median (IQR) 114 (635) 237 (643) 108 (458)   

Variable 

Education level – 

tertiary 

(n = 29) 

Education level – 

secondary 

(n = 15) p-value 

Change in healthcare cost     

mean (SD) 162 (654) -218 (2075) 0.316 
median (IQR) 238 (602) -0.80 (775)   

Variable 

Household income 

< $37 000/year 

(n = 4) 

Household income 

$37-180 000/year 

(n = 29) 

Household income 

> $180 000/year 

(n = 10) p-value 

Change in healthcare cost       

mean (SD) 175 (1001) -23.70 (1470) 90.30 (1043) 0.986 

median (IQR) 51.40 (879) 172 (328) 79.10 (897)   

 

Note: all negative values in the table were savings in cost to the healthcare system. 
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Appendix O: Table from My Co-Authored Article ‘Teledermatology for Skin 

Cancer: The Australian Experience’ 
 

A comparison between Australian and international data on store-and-forward teledermatology 

in the field of skin cancer. 

 
Characteristics of SF-TD Australia International References 

(Australia / International) 

Diagnostic accuracy - 51-92% - / Finnane et al34 

Exact diagnostic concordance 
with FTF (without 
teledermoscopy) 

79-83% 46-90% See et al10, Lim et al12, 
Manahan et al14 
/ Finnane et al34 

Aggregated diagnostic 
concordance with FTF (with 
teledermosscopy) 

72-90% 71-94% Manahan et al14  
/ Finnane et al34 

Diagnostic agreement k, 0.58-0.78 k, 0.41-0.63 Tan et al17 / Finnane et al34 

Treatment concordance with 
FTF (with dermatoscopy) 

69% 66-85% Boyce et al16 
/ Finnane et al34 

Significant treatment 
discordance with FTF 

7% - Boyce et al16 
/ - 

Mean time to response 62% within 3 hours 
97% within 
24hours 

3 hours Finnane et al8, Biscak et 
al11/ *Marwaha39 

Mean time to clinical 
resolution 

9 days 9-36 days Finnane et al8, Biscak et 
all11 
/ Finnane et al34 

Sensitivity, skin cancers  42% 94.9% Manahan et al14 / Chuchu et 
al38 

Specificity, skin cancers 89% 84.3% Manahan et al14 / Chuchu et 
al38 

Sensitivity, melanoma - 59-100% - / Chuchu et al38 

Specificity, melanoma - 30-100% - / Chuchu et al38 

Cost $318 - Snoswell et al18 / - 

Cost of patient-led mobile 
teledermoscopy 

$61-120 $20-500;  
median $100 

Snoswell et al18 / *Wu et al43 

Cost saved per patient - $54.64  
(SF-TD more than 
FTF) 

$3.20-382.57 Snoswell et al18 / Snoswell 
et al42 

Cost saved per patient per day $2.10 $0.18-5.03 Snoswell et al18/ Snoswell et 
al42 

Percentage less FTF visits 75-94% 39-88% Byrom et al7, See et al10 
/ Finnane et al34 

Poor quality images 13-18.5% 36% Byrom et al7, Finnane et al8, 
Hockey et al9, See et al10  
/ Finnane et al34 

Lack of information 64.5% - Byrom et al7 / - 

Patient’s main reason for 
teledermatology 

Shorter wait time; 
Reduced travel 
distance 

Shorter wait 
time; 
Reduced travel 
distance 

Snoswell et al27, Lim et al28, 
Spinks et al19, Snoswell et 
al20 / Lee et al56 

Doctor’s main reason for 
teledermatology 

Lesion monitoring; 
Reduce wait time 

Mainly triage 
Reduce FTF 

Janda et al33 / Lee et al56 

International data are retrieved from 2 systematic reviews (34,52), 1 non-systematic review (56) and 1 

Cochrane review (38) with the exception of 2 significant studies (39,43) marked with ★  .  

All cost is in Australian dollars, AUD; -, data and reference not available; SF-TD, store-and-forward 
teledermatology; FTF, face-to-face appointments; k, keppa 
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Table reproduced from Martin, A, Guitera, P. Teledermatology for Skin Cancer: The 

Australian Experience. Curr Derm Rep 2020 Mar;9:43–51. Available from: 

https://doi.org/10.1007/s13671-020-00291-5. 
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