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Background: Malignant melanoma can most successfully be cured when diagnosed at an early stage 
in the natural history. However, there is controversy over screening programs and many advocate 
screening only for high-risk individuals.

Objectives: This study aimed to evaluate the accuracy of an artificial intelligence neural network 
(Deep Ensemble for Recognition of Melanoma [DERM]) to identify malignant melanoma from der-
moscopic images of pigmented skin lesions and to show how this compared to doctors’ performance 
assessed by meta-analysis.

Methods: DERM was trained and tested using 7,102 dermoscopic images of both histologically con-
firmed melanoma (24%) and benign pigmented lesions (76%). A meta-analysis was conducted of 
studies examining the accuracy of naked-eye examination, with or without dermoscopy, by specialist 
and general physicians whose clinical diagnosis was compared to histopathology. The meta-analysis 
was based on evaluation of 32,226 pigmented lesions including 3,277 histopathology-confirmed ma-
lignant melanoma cases. The receiver operating characteristic (ROC) curve was used to examine and 
compare the diagnostic accuracy.

Results: DERM achieved a ROC area under the curve (AUC) of 0.93 (95% confidence interval: 0.92-
0.94), and sensitivity and specificity of 85.0% and 85.3%, respectively. Avoidance of false-negative 
results is essential, so different decision thresholds were examined. At 95% sensitivity DERM achieved 
a specificity of 64.1% and at 95% specificity the sensitivity was 67%. The meta-analysis showed 
primary care physicians (10 studies) achieve an AUC of 0.83 (95% confidence interval: 0.79-0.86), 
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such as the recent Cochrane reviews of 

skin cancer.

Methods

DERM was designed and developed 

using deep learning techniques that 

identify and assess features of pig-

mented lesions that are associated with 

MM [23-28]. Deep learning differs from 

earlier machine learning methods by 

learning features that are associated 

with MM directly from the data, rather 

than using features predetermined by a 

researcher. The algorithm was trained 

and validated against a dataset of 

archived dermoscopic images of skin 

lesions, using 10-fold cross-validation. 

This approach allows every image to 

be tested once, while ensuring the same 

image does not appear in the training 

and test datasets. Cross-validation is 

performed by splitting the dataset into 

several (10) “folds” (datasets). The algo-

rithm is tested against each fold, with 

the remainder used for training. The 

results for each fold are then averaged 

so that the overall performance can be 

assessed.

The image dataset was collated from 

several different sources including the 

PH2 dataset [29], Interactive Atlas of 

Dermoscopy [30], and ISIC archive [31]. 

An additional 672 dermoscopic lesion 

images were collected from a variety 

of other sources. The ISIC archive con-

tains a large number of images obtained 

from children, which are easy to clas-

sify as benign. Their inclusion in the 

dataset was found to optimistically bias 

results so they were excluded from the 

development work. The ISIC archive 

also contains a large number of iden-

tical and near-identical images which 

were removed from the dataset. The 

involved smartphone photography and 

4 provided an estimate of the probability 

of malignancy. None of these apps had 

been assessed for diagnostic accuracy 

[17]. Understandably there is concern 

about the possible harm to patients that 

poorly designed, inaccurate, and/or mis-

leading consumer apps may cause [18-

20]. However, with appropriate devel-

opment and suitable evaluation there 

is no reason why modern electronic 

technology could not improve diag-

nostic accuracy. Recently, an artificial 

intelligence (AI) algorithm categorizing 

photographs of pigmented lesions has 

been shown to be capable of classifying 

MM with a level of competence com-

parable to that of dermatologists [21]. 

As Obermeyer and Emanuel state in a 

recent review, “Machine learning has 

become ubiquitous and indispensable 

for solving complex problems in most 

sciences. The same methods will open 

up vast new possibilities in medicine” 

[22]. However, there are ethical issues 

associated with the clinical applications 

of AI in medicine that do not apply to 

current business applications, astron-

omy, or chemistry, and these cannot be 

ignored [23].

The primary aim of this study was 

to evaluate the diagnostic accuracy of 

an AI algorithm (Deep Ensemble for 

Recognition of Melanoma [DERM]) 

developed by Skin Analytics Limited. 

The secondary aim was to improve the 

methodology for evaluating an AI diag-

nostic tool by comparing DERM’s per-

formance with clinical examination by 

physicians and stratification based on 

level of expertise and use of dermoscopy 

using a meta-analysis of diagnostic stud-

ies. But it should be noted that this was 

not designed to be a systematic review 

Introduction

Malignant melanoma (MM) is less com-

mon than basal and squamous cell skin 

cancer; however, the incidence of MM 

is increasing faster than that of other 

forms of cancer and it is responsible 

for the majority of skin cancer deaths 

[1]. Early diagnosis of MM (stage 1) 

has more than 95% five-year relative 

survival rate compared with 8% to 25% 

for MM diagnosed at later stages [2].

Current practice guidelines in the 

United Kingdom recommend appro-

priately trained health care profession-

als assess all suspect pigmented lesions 

using dermoscopy [1,3]. Diagnosis is 

confirmed with biopsy, histological 

examination, and specialist pathologi-

cal interpretation. Pressure to diagnose 

MM early leads to a high proportion of 

benign pigmented lesions being referred 

from primary care to specialist care, and 

a large proportion of biopsied lesions 

are found to be benign [4,5]. This cre-

ates increased demands on overbur-

dened secondary care and pathology 

service resources [6]. Improved accuracy 

of pigmented lesion review in primary 

care would help reduce this pressure. 

Techniques such as dermoscopy with 

classification algorithms, reflectance 

confocal microscopy, and telederma-

tology have been reported to improve 

diagnostic accuracy of MM [7-15]. 

However, the diagnostic accuracy is still 

dependent on the degree of experience 

of the examiners and the equipment 

required is costly [16].

A large number of smartphone 

applications for MM detection have 

been released recently. However, there 

is little evidence of clinical valida-

tion. Kassianos et al reviewed 39 apps 

that addressed skin cancer issues; 19 

with sensitivity and specificity of 79.9% and 70.9%; and dermatologists (92 studies) 0.91 (0.88-0.93), 
87.5%, and 81.4%, respectively.

Conclusions: DERM has the potential to be used as a decision support tool in primary care, by pro-
viding dermatologist-grade recommendation on the likelihood of malignant melanoma.
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number of MM diagnoses confirmed 

by histology, from which the counts 

could be derived. The reports were 

also examined for information con-

cerning physician experience (general 

vs specialist physician) and context of 

use (primary care, secondary care). A 

meta-analysis from this data was con-

ducted. The Stata user-written packages 

METANDI [42] and MIDAS [43] were 

used, and a meta-regression was used to 

examine associations between diagnos-

tic accuracy and year of study report, 

level of care, and expertise of the practi-

tioner. Many of the dermoscopy studies 

reported multiple results for each lesion 

using different dermoscopic algorithms 

(eg, ABCD, 7-point checklist, etc. [44]); 

all of these results were included in the 

dataset. Since this produces a clustered 

dataset, violating the statistical assump-

tion of the independence of observa-

tions, we conducted a sensitivity anal-

ysis. Multiple datasets were generated 

in which 1 estimate only was randomly 

included for each study where there 

were multiple estimates. The results 

indicated that the initial estimates were 

not sensitive to the clustering (details 

of this analysis are not reported here).

and a meta-analysis enables comparison 

to a variety of different clinician expe-

riences and evaluation techniques. This 

analysis was not intended to be system-

atic review, but the PRISMA guidelines 

were followed when appropriate.

A literature search was conducted 

for studies reporting diagnostic accu-

racy data of naked-eye clinical exam-

ination, with or without dermoscopy, 

compared with histologically confirmed 

diagnosis. MEDLINE (413), Web of 

Science (707), and EMBASE (322) were 

searched for the period from January 

1, 1990, to September 30, 2017, using 

terms “accuracy pigmented lesions 

PLUS melanoma pigmented lesions 

PLUS detection,” “dermoscopy pig-

mented lesions PLUS melanoma pig-

mented lesions PLUS accuracy,” and 

“melanoma pigmented lesions PLUS 

diagnosis pigmented lesions PLUS pri-

mary care.” Studies included in previous 

systematic reviews were also included 

[2,15,39-41]. The PRISMA flow dia-

gram is shown in Figure 2. One author 

(M.P.) conducted the literature search 

and extracted counts of true negative; 

true positive; false negative; false pos-

itive; or estimates of sensitivity, speci-

ficity, number of lesions examined, and 

final dataset consists of a total of 7,102 

unique pigmented lesion images, 24% 

being confirmed as MM by histopathol-

ogy, though subtype information was 

not available, the rest being made up of 

benign and nonbenign lesions.

DERM generates a continuous 

response to an image with limits of 0 

and 1, which reflects its “confidence” 

that the lesion is MM: a value close to 

1 indicates MM and near 0 indicates a 

benign lesion. A nonparametric receiver 

operating characteristic (ROC) curve 

analysis was used to examine the over-

all diagnostic accuracy of the result 

using Pepe’s nonparametric methods 

with bootstrapped estimation [32]. The 

gold standard for MM was histopathol-

ogy. We examined different cut-points 

used by DERM to categorize lesions 

as positive or negative, ie, illustrating 

alternative diagnostic rules from the 

diagnostic model [33]. The methods of 

Youden [34] and Liu [35] were used, as 

well as the values that maximized the 

ROC area, resulted in a sensitivity and 

a specificity of 95%, and generated less 

than 1% false negative. The area under 

the curve (AUC) of the ROC curve, spec-

ificity/sensitivity, and diagnostic odds 

ratios were calculated for each of these 

cut-points.

The ROC AUC is not a perfect assess-

ment measure for diagnostic methods 

when the standard error of the estima-

tor is quite different for the diagnostic 

alternatives (benign pigmented lesions 

vs MM), as is the case for DERM (see 

Figure 1) [36]. This issue was addressed 

by constructing the Lorenz curve (a mir-

ror image of the ROC curve) with the 

associated Gini index [37].

To compare the accuracy of DERM 

with that of current diagnostic practices, 

we decided to conduct a meta-analysis 

of studies of diagnostic accuracy for 

MM rather than have a limited panel of 

dermatologists conduct parallel assess-

ments, as has been done in other studies 

[21,38]. We chose this approach because 

biopsy-based histopathology provides 

the gold standard for MM diagnosis, 

Figure 1. Level of confidence of Deep Ensemble for Recognition of Melanoma (DERM) 

algorithm by lesion type.
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The empirical ROC curve analysis 

showed that DERM has a high level of 

accuracy with an AUC of 0.928 (95% 

confidence interval: 0.922-0.935) and an 

acceptable goodness-of-fit χ2 = 6,078 (P = 

0.98) (Figure 3). The Lorenz curve analy-

sis gave a Gini index of 0.857. The Gini 

index has an upper limit of 1 and the 

high value is indicative of high inequality 

estimated the median level of confi-

dence as 0.059 (interquartile range: 

0.016-0.171) when the lesion was a 

benign pigmented lesion and 0.651 

(interquartile range: 0.417-0.849) when 

the lesion was MM. The equality of 

the 2 medians was compared by Fisher 

exact test and found to be significantly 

different (P < 0.0001).

All analysis was conducted by 

M.P. using the Stata statistical package 

(StataCorp. 2015. Stata Statistical Soft-

ware: Release 15. College Station, TX: 

StataCorp LP).

Most of the data used to create the 

algorithm were based on anonymous, 

publicly available images, and an addi-

tional 672 anonymized dermoscopic 

lesion images were generously made 

available by clinical dermatologists. The 

meta-analysis data were derived from 

published papers that did not include 

individual patient data. There was no 

requirement for ethics approval, but 

the Ethics Committee of Royal Perth 

Hospital was informed of the study as 

a courtesy.

Results

Histograms showing the distribution 

of the DERM value for MM and for 

benign lesions are shown in Figure 1. 

The histograms show that the value 

does not follow a normal distribution 

and there is a different dispersion of 

data for the 2 types of lesion. DERM 

Figure 3. The receiver operating characteristic curve of Deep Ensemble for Recognition of 

Melanoma (DERM) results. Shaded area shows 95% confidence interval.

Figure 2. PRISMA flow diagram of publications searched for the meta-analysis.
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Table 1. Indices of Diagnostic Accuracy (±95% CI) at 
Different Cut-Points of the DERM Confidence Value

Cut-Point
DERM 
Value

Sensitivity 
(%)

Specificity 
(%)

Diagnostic 
Odds Ratio

Optimum (maxi-
mum AUC)

0.272 85.0
(83.2-86.7)

85.3
(84.4-86.3)

33.0
(28.3-38.4)

Confidence ≥0.50 0.50 67.3
(65.0-69.5)

95.5
(94.9-96.0)

43.7
(37.1-51.5)

80% Sensitivity 0.35 80
(fixed)

90.8
(90.0-91.5)

37.1
(32.1-42.9)

95% Sensitivity 0.11 95.0
(93.8-96.0)

64.1
(62.8-65.4)

33.6
(26.8-42.1)

High sensitivity 0.05 98.6
(98.0-99.1)

46.5
(45.2-47.9)

62.9
(41.7-95.0)

80% Specificity 0.21 88.2
(86.6-89.7)

80
(fixed)

32.7
(27.9-38.4)

95% Specificity 0.795 66.9
(64.3-69.3)

95%
(fixed)

38.3
(32.1-45.7)

AUC = area under the curve; CI = confidence interval; DERM = Deep Ensemble 
for Recognition of Melanoma.

between MM and benign lesions, which 

supports the ROC analysis.

The Youden, Liu, and maximum 

AUC methods estimated the same 

optimum cut-point at a value of 0.272 

(95% confidence interval: 0.232-0.313) 

(Table 1). As the sensitivity increases, 

the expected loss of specificity occurs, 

but when the sensitivity is fixed at 95%, 

specificity is still 64%.

The summary of 82 studies that 

investigated the diagnostic accuracy of 

naked-eye examination (n = 29) or der-

moscopy (n = 53) for pigmented lesions 

and MM between 1990 and 2017 is 

shown in Table 2. A visual guide to the 

study accuracy is provided in the forest 

plots in Figures 4 and 5. Table 3 shows 

the pooled and weighted values of sen-

Table 2. Studies for Meta-analysis of Diagnostic Accuracy

Author [Ref] Date Total Lesions
No. of Malignant 
Melanomas (%)

Sensitivity 
(%)

Specificity 
(%)

Country of 
Patients

Annessi [47] 2007 198 96 (48.5) 81.3 69.6 Italy

Argenziano [48] 1998 309 106 (34.3) 95.0 75.0 Italy

Argenziano [49] 2006 2,528 12 (0.475) 79.2 71.8 Spain, Italy

Argenziano [50] 2011 283 78 (27.6) 87.8 74.5 Italy

Ascierto [51] 2010 54 12 (22.2) 66.6 76.2 Italy

Barzegari [52] 2005 122 6 (4.92) 100 90.0 Iran

Benelli [53] 1999 401 60 (15.0) 85.0 89.1 Italy

Benelli [54] 2000 600 76 (12.7) 68.8 86.0 Italy

Binder [55] 1995 100 37 (37.0) 73.0 74.0 Austria

Binder [56] 1997 240 58 (24.2) 63.0 91.0 Austria

Blum [57] 2004 269 84 (31.2) 95.2 77.8 Germany

Bono [58] 2002 313 125 (39.9) 88.5 75.5 Italy

Bono [59] 2006 206 76 (36.9) 63.0 80.0 Italy

Carli [60] 1998 15 4 (26.7) 58.5 83.5 Italy

Carli [61] 2003 200 44 (22.0) 91.9 35.2 Italy

Carli [62] 2003 311 28 (9.00) 100 88.5 Italy

Cristofolini [63] 1994 220 33 (15.0) 86.5 77.0 Italy

Dal Pozzo [64] 1999 713 168 (23.6) 94.6 85.5 Italy

Doliantis [65] 2005 40 20 (50.0) 84.6 77.7 Australia

Dreiseitl [66] 2009 458 146 (31.9) 96.0 72.0 Germany

Dummer [67] 1993 824 25 (3.03) 80.5 95.5 Germany

Feldmann [68] 1998 500 30 (6.00) 88.0 64.0 Austria

Fueyo-Casado [69] 2009 303 16 (5.28) 100 97.0 Brazil

Gereli [70] 2010 96 48 (50.0) 89.6 31.2 Turkey

(table continues next page)
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and nonexperts both for naked-eye 

visual clinical examination (P < 0.001) 

and dermoscopy (P < 0.001), which is 

reflected in the estimated values shown 

in Table 3, where experts have both 

higher sensitivity and specificity than 

nonexperts, and is most marked for 

specificity for both methods and for sen-

sitivity only for dermoscopy (Figure 6). 

The contrast in accuracy is most obvi-

ous for primary vs secondary care (P < 

0.0001) with the AUC differing by 8% 

specificity = 83%, β = 0.048, P = 0.81; 

and for dermoscopy the pooled results 

are as follows: AUC = 0.91, sensitiv-

ity = 86%, specificity = 81%, β = 0.397, 

P = 0.005.

Meta-regression for the year of pub-

lication showed no significant associ-

ation assessed by the combination of 

sensitivity and specificity for either 

visual clinical examination (P = 0.25) 

or dermoscopy (P = 0.18). There was a 

significant difference between experts 

sitivity, specificity, and diagnostic odds 

ratio for the studies. The pooled results 

for all studies are as follows: AUC = 

0.90, sensitivity = 85%, and specificity = 

82%. The beta value (an indicator of 

asymmetry of the summary ROC curve) 

is statistically significant (β = 0.263, P = 

0.022), indicating that the diagnostic 

odds ratio shows variation across the 

summary ROC curve. For naked-eye 

examination the pooled results are as 

follows: AUC = 0.88, sensitivity = 79%, 

Table 2. Studies for Meta-analysis of Diagnostic Accuracy (continued)

Author [Ref] Date Total Lesions
No. of Malignant 
Melanomas (%)

Sensitivity 
(%)

Specificity 
(%)

Country of 
Patients

Glud [71] 2009 83 12 (14.5) 92.0 81.0 Denmark

Haenssle [72] 2010 1,219 127 (10.4) 62.0 97.0 Germany

Har-Shai [73] 2005 400 53 (13.3) 86.0 74.0 Israel

Henning [74] 2008 150 50 (33.3) 92.0 38.0 USA

Keefe [75] 1990 222 11 (4.95) 85.7 66.5 Scotland

Krähn [76] 1998 80 39 (48.8) 90.0 93.0 Germany

Kreusch [77] 1992 317 96 (30.3) 98.9 94.1 Germany

Lorentzen [78] 1999 232 49 (21.1) 59.0 92.0 Denmark

Lorentzen [79] 2000 258 64 (24.8) 70.7 88.0 Denmark

Luttrell [80] 2012 200 25 (12.5) 91.2 94.0 Austria

MacKie [81] 2002 126 69 (54.8) 97.0 55.0 Scotland

McGovern [82] 1992 237 16 (6.75) 44.0 94.0 USA

Menzies [83] 1996 385 107 (27.8) 92.0 71.0 Australia

Menzies [84] 2008 497 105 (21.1) 95.0 80.0 Australia

Menzies [85] 2013 465 217 (46.7) 93.0 70.0 Australia

Nachbar [86] 1994 172 69 (40.1) 92.8 91.2 Germany

Nilles [87] 1994 260 72 (27.7) 90.0 85.0 Germany

Perrinaud [88} 2007 90 78 (86.7) 98.0 37.0 Switzerland

Piccolo [89] 2014 165 33 (20.0) 91.0 52.0 Italy

Rao [90] 1997 72 51 (70.8) 91.5 59.3 USA

Rosendahl [9] 2011 246 79 (32.1) 82.6 80.0 Australia

Skvara [91] 2005 325 63 (19.4) 31.7 87.3 Austria

Soyer [92] 1995 159 65 (40.9) 94.0 82.0 Italy

Soyer [93] 2004 231 68 (29.4) 96.3 32.8 Italy

Stanganelli [94] 2000 3,372 55 (1.63) 80.0 99.5 Italy

Unlu [95] 2014 115 24 (20.9) 91.6 64.8 Turkey

Walter [96] 2013 1,436 36 (2.51) 91.7 33.1 England

Westerhoff [97] 2000 100 50 (50.0) 54.6 56.1 Australia

Zalaudek [98] 2006 150 44 (29.3) 94.0 71.9 Multiple

Youl [99] 2007 11,116 49 (0.441) 60.0 98.0 Australia

All studies (n = 55) 32,226 3,277 (10.2)
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Figure 4. Forest plot for naked-eye examination.

Figure 5. Forest plot for dermoscopy.
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results confirm that clinician experience and use of dermos-

copy improve accuracy. DERM achieves an AUC of 0.93, sen-

sitivity and specificity of 85% and 85%, respectively, when 

using the estimated optimum value of 0.28. This is higher 

than naked-eye visual assessment (0.88, 80% and 71%), and 

similar to findings for dermatologists with dermoscopy (0.91, 

85% and 82%). This is illustrated by plotting a ROC curve of 

the data from studies in the meta-analysis, and superimposing 

the DERM data from 4 cut-points (Figures 6 and 7).

A recent comprehensive series of Cochrane reviews con-

cluded that visual inspection alone had a specificity of 42% 

at a fixed sensitivity of 80% and a sensitivity of 76% at a 

fixed specificity of 80%, whereas dermoscopy plus visual 

inspection had a specificity of 92% at a fixed sensitivity of 

80% and a sensitivity of 82% at a fixed specificity of 80% 

(0.83 vs 0.91) (Figure 7). There was no association between 

the AUC and year of study publication, suggesting that diag-

nostic accuracy is not improving over time (P = 0.63).

Discussion

Summary

Herewith we present an extensive evaluation of the ability 

of DERM to identify MM from dermoscopic images of skin 

lesions. This preliminary analysis demonstrates the ability of 

an AI-based system to learn features of a skin lesion that are 

associated with MM, which can then be applied to the identi-

fication of MM. We conducted a meta-analysis of MM diag-

nostic accuracy to generate comparative values from current 

primary care and specialist dermatologist practices. These 

 Table 3. Meta-analysis Results

Subgroup
No. of 

Estimatesa

No. of 
Lesions

No. of 
Malignant 
Melanoma

Sensitivity 
(%) 

(95% CI)

Specificity 
(%) 

(95% CI)

sROC Area 
(95% CI)

All studies Naked eye 29 23,930 2,140 79
(72-85)

83
(76-88)

0.88
(0.85-0.91)

Dermoscopy 79 33,749 5,031 86
(83-89)

81
(76-86)

0.91
(0.88-0.93)

All studies Nonexperts 20 22,580 1,630 82
(73-89)

73
(60-83)

0.85
(0.82-0.88)

Experts 65 29,767 3,812 84
(79-87)

85
(80-89)

0.91
(0.88-0.93)

All studies Primary care 10 19,152 867 80
(65-89)

71
(52-85)

0.83
(0.79-0.86)

Secondary care 87 36,673 5,480 85
(82-88)

82
(77-87)

0.91
(0.88-0.93)

Nonexperts Naked eye 9 16,304 1,045 78
(60-90)

74
(54-88)

0.83
(0.80-0.86)

Dermoscopy 11 6,279 585 83
(76-89)

72
(55-84)

0.86
(0.83-0.89)

Experts Naked eye 16 7,115 922 79
(70-86)

86
(79-91)

0.90
(0.87-0.92)

Dermoscopy 49 22,652 2,890 85
(79-89)

85
(77-90)

0.91
(0.89-0.94)

Primary care Naked eye 6 14,822 595 78
(52-92)

74
(43-91)

0.83
(0.80-0.86)

Dermoscopy 4 4,330 272 82
(74-87)

66
(57-74)

0.83
(0.79-0.86)

Secondary care Naked eye 19 8,597 1,372 79
(71-86)

85
(78-90)

0.89
(0.86-0.91)

Dermoscopy 68 28,076 4,108 87
(83-90)

82
(75-87)

0.91
(0.88-0.93)

aThe number of estimates exceeds the number of studies because multiple estimates are made using dermoscopy with alter-
native diagnostic algorithms.
CI = confidence interval; sROC = summary receiver operating characteristic.
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Strengths and Limitations

We trained our algorithm using archived images that have 

been published to train clinicians. It is likely that biases exist 

in the datasets (eg, patient demographics, MM subtypes, 

image capture methods), but it is very difficult to determine 

whether such biases exist and thus have been introduced 

into DERM during its development. In addition, it must be 

[45]. Our meta-analysis showed for visual inspection alone 

specificity of 83% when sensitivity was 80%; sensitivity of 

78% when specificity was 80%; specificity of 86% when 

sensitivity was 80%; and sensitivity of 87% when specificity 

was 80%. DERM gave comparable indices of specificity of 

89% at sensitivity of 80% and a sensitivity of 90% at spec-

ificity of 80%.

Figure 7. Summary receiver operating characteristic curves for primary and secondary care overlaid with the Deep Ensemble for Recogni-

tion of Melanoma (DERM) sensitivity and specificity at cut-points from Table 1 (the shaded rectangle shows the summary point from the 

meta-analysis).

Figure 6. Summary receiver operating characteristic curves for naked eye and dermoscopic diagnosis overlaid with the Deep Ensemble for 

Recognition of Melanoma (DERM) sensitivity and specificity at cut-points from Table 1 (the shaded rectangle shows the summary point from 

the meta-analysis). AUC = area under the curve.
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false-negative and false-positive results have equal impor-

tance. This is not the case when dealing with a life-threatening 

disease, such as MM, where a cut-point that maximizes sen-

sitivity—thus reducing the number of false-negative cases—

should be adopted. However, this results in a higher false-pos-

itive rate, which has health care and patient costs associated 

with further investigations. The most appropriate cut-point 

for use in a clinical setting will need to be determined by 

consensus agreement taking into account both clinical and 

economic factors and is likely to be different for different 

clinical settings and levels of care.

At high levels of sensitivity, DERM offers comparable 

specificity to dermatologists with dermatoscopes. DERM 

could therefore provide dermatologist-grade advice on like-

lihood of MM to general practitioners without the cost and 

training requirements of dermoscopy. While diagnostic accu-

racy plays a pivotal role in the clinical evaluation of diagnos-

tic tests, it does not prove that the test improves outcomes in 

relevant patient populations or that it enhances health care 

quality, efficiency, and cost-effectiveness. The only way to 

truly determine a test’s utility in the real-life decision-making 

setting of clinics is by conducting prospective clinical trials. 

We are currently conducting clinical validation studies of 

DERM. To our knowledge, no other AI-based MM diagnos-

tic test is undergoing such extensive clinical utility testing 

[23,46,47].

Conclusions

Our study demonstrates the ability of an AI-based system to 

learn features of a skin lesion photograph that are associated 

with MM. DERM has the potential to be used in primary 

care to provide dermatologist-grade decision support. It is 

too early to say deployment of DERM would reduce onward 

referral, but such clinical validation is ongoing. 
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