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Background: Digital dermoscopic image analysis of pigmented skin lesions (PSLs) has become
increasingly popular, despite its unclear clinical utility. Unbiased, high-powered studies investigating the
efficacy of commercially available systems are limited.
Objective: To investigate the diagnostic performance of the FotoFinder Mole-Analyzer in assessing PSLs for
cutaneous melanoma.
Methods: In this 15-year retrospective study, the histopathologies of 1076 biopsied PSLs among a total of
2500 imaged PSLs were collected. The biopsied PSLs were categorized as benign or malignant (cutaneous
melanoma) based on histopathology. Analyzer scores (0-1.00) for these PSLs were obtained and grouped
according to histopathology.
Results: At an optimized cutoff score of 0.50, a sensitivity of 56% and a specificity of 74% were achieved.
The area under the receiver operating characteristics curve was 0.698, indicating poor accuracy as a
diagnostic tool.
Limitations: This study had a retrospective design and involved only a single institution.
Conclusion: Our study reveals a low sensitivity of the scoring function of this digital dermoscopic image
analyzer for detecting cutaneous melanomas. Physicians must apply keen clinical judgment when using
such devices in the screening of suspicious PSLs. ( J Am Acad Dermatol 2018;78:927-34.)

Key words: computer-aided diagnosis; diagnostic accuracy; digital dermoscopy; image analysis;
melanoma; pigmented skin lesions; screening; skin cancer; test sensitivity.
M
elanomas detected at an early stage have
highly favorable prognoses.1,2 Over the
past 2 decades, automated image analysis

by computer-aided diagnosis (CAD) systems used in
the evaluation of pigmented skin lesions (PSLs) has
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gained popularity among dermatologists as a nonin-
vasive tool to screen for cutaneous melanoma.

While several novel CAD techniques including
confocal scanning laser microscopy, smartphone
applications, ultrasound, magnetic resonance
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imaging, and multispectral imaging, currently exist,
digital dermoscopic image analysis (DDA) remains
the most popular method used by dermatologists.3,4

A recent review of different DDA algorithms re-
ported sensitivities for these systems ranging from
60.7% to 100%, with specificities of 60% to 100%.4
CAPSULE SUMMARY

d Reported performances of computer-
aided melanoma diagnostic systems
vary.

d This study identifies low diagnostic
accuracy of a digital dermoscopic image
analyzer as a screening tool for
melanoma.

d Physicians must exercise astute clinical
judgment when employing automated
digital image analysis to diagnose
suspicious pigmented skin lesions.
Limitations of previous
studies include small sample
sizes and sampling bias. Data
also often originated from
institutions with a vested in-
terest in their respective CAD
systems. In 2003, a meta-
analysis found the diagnostic
accuracy of available CAD
systems was not statistically
superior to that of clinicians.5

Later, a systematic review
concluded that studies that
purported superior sensitiv-
ities to specialists were statis-
tically insignificant.6 A recent
study further suggested that
despite having a high level of
acceptance from patients,

such systems cannot replace clinician assessment
or histopathology.3

Studies of CAD systems reveal high diagnostic
accuracies obtained in experimental settings signif-
icantly drop when tested in real clinical settings.7-11

For example, in the Dreiseitl et al study, the area
under the curve (AUC) for the receiver operating
characteristic (ROC) curve dropped from 0.94 under
experimental conditions to 0.87 under real-life con-
ditions.7,8 Bauer et al reported 97.8% versus 74%
specificity with a training set versus an independent
test set.9,10

The DDA system evaluated in this report was
originally developed by Blum et al in 2004
(Table I).11-14 In this study, 74 of 84 completely
and incompletely imaged PSLs were correctly
identified as melanomas (88.1% sensitivity). Other
studies with smaller sample sizes revealed sensi-
tivities of 82% and 100% (n = 45 and n = 12,
respectively).13,14 Perrinaud et al later compared
the DDA system performance with 2 other
commercially available CADs and reported that
the DDA system correctly identified 1 melanoma in
situ (MIS) as malignant, while misclassifying 3
invasive melanomas and 2 basal cell carcinomas
as benign.15

Studies assessing the system in large sample sizes
have not been conducted in recent years.16 The aim
of our study was to investigate the current diagnostic
performance of this commercial DDA system
(analyzer) used in our institution over the past
15 years to further define this technology’s utility in
clinical practice.

METHODS
Study design and participants
Adults aged 18 years and
older who came to the
Department of Dermatology
at the University of Colorado
Hospital between January 1,
2000, and June 15, 2015, and
were known to have PSL
images stored within the in-
strument’s database
(n = 5217) were initially
included in our retrospective
study (Fig 1).

Of these 5217 patients, a
randomized sample of 2500
patients was extracted
through random permuta-
tion. The electronic health
records for these 2500 pa-
tients were then reviewed
for evidence of lesion excision and subsequent
histopathology. A total of 832 patients with 1117
distinct PSLs were identified. Both nonmelanocytic
and melanocytic lesions were identified and
included (Table II). PSLs with relatively small sample
sizes (eg, actinic keratosis, squamous cell carcinoma,
basal cell carcinoma, and dermatofibroma) were
excluded from the study (n = 27), such that 1090
PSLs remained.

All PSLs referred for digital dermoscopy in the past
15 years were obtained using the procedure supplied
by the manufacturer by the color video camera
MediCam 800HD.17

Test methods
The 1090 images of PSLs (most recent prior to

excision) were analyzed using the DDA software
(Dynamole, FotoFinder Systems Inc, Bad Birnbach,
Germany). Only PSLs imaged at 20x magnification
could successfully be processed; 14 PSLs were
unable to be processed and were excluded. A total
of 1076 PSLs were included. Preprocessing included
automated segmentation; 29 PSL image borders
required manual adjustment to achieve proper seg-
mentation. The analyzer then employed an algo-
rithm to rate each lesion based on the following
variables: area (mm2), edge irregularities, sharpness,
color (red, green, blue), irregular structure, and
regions. The dimensionless variables were rated by
the system numerically (1-8). The system then



Abbreviations used:

AUC: area under the curve
CAD: computer-aided diagnosis
CAN: clinically atypical nevi
CI: confidence interval
DDA: digital dermoscopic image analysis
MIS: melanoma in situ
SD: standard deviation
SSMM: superficial spreading malignant melanoma
PSL: pigmented skin lesion
ROC: receiver operating characteristics
UMM: unspecified malignant melanoma
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calculated an overall severity score from 0-1.00 for
each lesion, with a higher value correlating with
higher risk.

The 1076 lesions were classified into 2 groups: 1)
nonmelanoma (lentigines, seborrheic keratoses,
benign nevi, and clinically atypical nevi [CAN];
n = 1005) or 2) melanoma (MIS, lentigo maligna,
superficial spreading malignant melanoma [SSMM],
lentigo maligna melanoma, and unspecified malig-
nant melanoma [UMM]; n = 71). Both group analyzer
scores were then compared with their respective
histopathologies, which were used as the reference
standard.

Statistical analysis
Univariate analysis of patient demographics was

completed to assess the quality of the randomized
sample. The analyzer manufacturer does not provide
a cutoff score to indicate test positivity (melanoma vs
nonmelanoma), thus the authors chose not to
prespecify a cutoff score, but instead pursued an
exploratory approach. Sensitivities, specificities, and
diagnostic accuracies were calculated at various
cutoff points. In addition, an AUC was calculated
for the ROC curve to identify an optimal cutoff score
and assess the overall diagnostic performance of the
mole-analyzer. Ninety-five percent confidence in-
tervals (CIs) were calculated where indicated. Data
analysis was completed using statistical software
(Mathematica, Wolfram Research Inc, Champaign,
IL, USA).

The mole-analyzer uses an algorithm to calculate
an overall severity score from 8 variables (asymme-
try, edge irregularity 1, edge irregularity 2, color, area
[mm2], irregular structures, number of regions, and
sharpness) that have a known relationship with
melanoma but complex relationship with the overall
analyzer score (Supplemental Fig 1, A-H; available at
http://www.jaad.org). To investigate the relation-
ship between the variables and the analyzer score, a
smooth univariate marginal distribution for score
was estimated and plotted on the bottom right of
each plot. A smooth, univariate marginal distribution
for each of the 8 variables was then estimated and
plotted on the bottom left of each plot. For each pair
(score and variable), the univariate marginal distri-
bution for score was multiplied by the univariate
marginal distribution for the variable, producing the
product distribution. A smooth bivariate marginal
distribution was also estimated for each pair (score
and variable). The bivariate marginal distribution
was then divided by the product distribution.
Variables that are independent of score have ratios
equal to 1 (the bivariate marginal distribution equals
the product distribution). If the score and variable
had a higher probability than expected under inde-
pendence, the ratio would be [1. If the score and
variable had a lower probability than expected under
independence, the ratio will be\1.

The base-10 log was taken for the product of the
bivariate distribution divided by the product distri-
bution for each variable. Variables independent of
score had logarithms equal to 0 (log of 1). Variables
with probabilities 10 times higher than that expected
under independence would have logarithms equal
to 1. For a pair of numbers (score and variable) with
probability 10 times higher than that expected under
independence, the logarithm would equal 1, and for
a pair with a probability 10 times lower than that
expected under independence, the logarithm will be
e1. Positive logarithms were plotted with solid lines,
and negative logarithms were plotted with dashed
lines (Supplemental Fig 1; available at http://www.
jaad.org), with the origin of each plot being position
0, 0, 0. Pearson linear correlations were further
calculated for score versus each variable.
RESULTS
Participants

The median age was 44 (range 18-89) years. The
sample contained roughly equal amounts of men
and women. All Fitzpatrick skin types (I through VI)
were represented in the sample. The history of
melanoma exhibited a Poisson distribution
(Supplemental Fig 2; available at http://www.jaad.
org). Supplemental Table I (available at http://www.
jaad.org) summarizes the demographic information
of our sample.

Of the 1076 PSLs, 368 were histologically benign
nevi, and 592 were classified as CAN (Table II).
Thirty-one PSLs were histologically diagnosed as
MIS, 16 of which were lentigo maligna. Thirty-two
PSLs were diagnosed as SSMM, and 7 were UMM.
One lentigo maligna melanoma was categorized as
UMM for the analysis. Median Breslow depth was
0.40 (range 0.18-3.76, standard deviation [SD] 0.62)

http://www.jaad.org
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Table I. Summary of studies performed on the FotoFinder Mole-Analyzer

First author Year PSLs, n Excised, n M, n NM, n Sensitivity Specificity

Blum11 2004 837 269 84 753 88.1% 86.1%
Perrinaud14 2007 107 107 9 98 66.7% NR
Fr€uhauf13 2012 219 35 12 207 100% 49.80%
Hunger12 2012 45 45 12 33 82% NR

M, Melanoma; NM, nonmelanoma; NR, not recorded; PSL, pigmented skin lesion.

Fig 1. Diagram of sample participants. Of the 5217 patients
referred for digital dermoscopy, 2500 were randomly
sampled, and 1117 pigmented skin lesions (PSLs) were
excised for histopathologies. Twenty-seven diagnoses
were excluded given small sample sizes. Of the 1090
remaining PSLs, 14 were unable to be processed by the
mole-analyzer. PSLs were then grouped by benign (1005)
or melanoma (71).

Table II. Numbers of pigmented skin lesions by
histopathology

Histopathology n (%)

Compound nevus 632 (59)
Junctional nevus 206 (8)
Intradermal nevus 82 (8)
Blue nevus 32 (3)
Superficial spreading malignant
melanoma*

32 (3)

Seborrheic keratosis 24 (2)
Lentigo simplex 21 (2)
Lentigo maligna* 16 (1)
Melanoma in situ* 15 (1)
Spitz nevus 8 (1)
Malignant melanoma
unspecified*

7 (1)

Lentigo maligna melanoma* 1 (\1)
Total 1076

*Pigmented skin lesions in the melanoma group (n = 71).
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mm. PSL area ranged from 0.40-59 mm2 with a
median of 13.95 mm2 (SD, 14.37 mm2).
Test results
Histopathologies were plotted against their

respective analyzer scores (Fig 2). The mean scores
of all melanoma groups were greater than the mean
scores of all benign PSL groups (Supplemental Table
II; available at http://www.jaad.org). The 95% CIs for
the mean of all melanoma subgroups overlap with
the high and medium grade CAN groups CIs. The
95% CI of the UMM group substantially overlapped
with the 95% CIs of all other PSL groups. We,
therefore, did not perform hypothesis testing of the
analyzer’s ability to differentiate PSLs from one
another. Melanoma risk scores decreased as
Breslow depth increased (Supplemental Fig 3, avail-
able at http://www.jaad.org).

Sensitivity, specificity, and diagnostic accuracy
were calculated and plotted against the analyzer
severity scores (Fig 3). Sensitivity dropped below
90% with scores[0.33 and below 75% with scores
[0.37. At scores[0.55, sensitivity quickly declined
to about 50% (Table III). AUC for the ROC curve was
0.698, denoting poor diagnostic accuracy (Fig 4).11

Diagnostic accuracy was unchanged when sebor-
rheic keratoses were removed from the data set.

Bivariate plots (Fig 1, A-H ) revealed that variables
sharpness and structure irregularity had the highest
negative deviations (score independence). With the
variable color, risk scores were found to be more
dependent on blue than on red and green. The
variables area and regions had the highest positive
deviations (score dependence, Pearson correlation
coefficients, 0.66 and 0.53, respectively, see
Supplemental Table III; available at http://www.
jaad.org).

DISCUSSION
CADs used in the diagnosis of PSLs have the

potential to objectively assess suspicious lesions,
decrease the inherent subjectivity in clinical diag-
nosis, and ultimately reduce inter-provider vari-
ability. However, for this technology to have
significant diagnostic utility, it must consistently
produce sensitivities and specificities equivalent or

http://www.jaad.org
http://www.jaad.org
http://www.jaad.org
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Fig 2. Analyzer scores versus histopathology box-and-whiskers plot. Median scores for
melanoma in situ, lentigo maligna, and unspecified malignant melanomas are greater than the
medians for benign and dysplastic nevi; however, 95% confidence intervals (black diamonds)
overlap significantly among the groups.

Fig 3. Sensitivity, specificity, and diagnostic accuracy
versus digital dermoscopic image analysis severity score.
At analyzer scores[0.33 and[0.55, sensitivity (red line)
drops below 90% and 50%, respectively. Conversely, at
scores 0.58 and 0.72, specificity (green line) is 80% and
90%, respectively. At scores [0.85, diagnostic (dx) accu-
racy (yellow line) is 90%.

Table III. Cutoff score, specificity, and accuracy by
desired sensitivity

Desired sensitivity, % Cutoff score Specificity, % Accuracy, %

95% 0.08 7.9% 13.7%
90% 0.33 28.2% 32.3%
75% 0.38 52.3% 53.8%
50% 0.55 75.7% 74.3%
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superior to expert dermatologists under real-life
clinical settings.18,19

Most manufacturers of the commercial DDA
systems report diagnostic performances rivaling or
surpassing those of expert dermatologists.9,11,12,14,20-25

Our investigation of a commercially available auto-
mated DDA system revealed lower diagnostic perfor-
mance than previously reported in studies of the same
software and other DDA systems.
One potential cause for this difference stems from
the ratio of large, incompletely imaged lesions to
smaller, completely imaged lesions (#12 mm in
diameter or 113 mm2 in area). Blum et al reported
higher sensitivity for large, incompletely imaged
lesions (88.1%; n = 232) than small completely
imaged lesions (80.0%; n = 605) and suggested that
typical dermoscopic features of melanoma are less
visible in smaller lesions. The authors validated the
algorithm using a training set, which correctly
identified 10/12 (83.3%) small melanomas. With the
test set, the algorithm only achieved a sensitivity of
53.9% (7/13 small melanomas). In our study, only 54
images (5%) had areas[50 mm2. Seven melanomas
had areas \10 mm2 with risk scores ranging from
0.01 to 0.38. Our findings presented in Figures 4
and 5 support our suspicion that the algorithm we
investigated places a disproportionate weight on size
in overall risk assessment. A much higher score



Fig 4. Receiver operating curve for digital dermoscopic
image analysis. Specificity (y-axis) is plotted versus
1- Sensitivity (x-axis); The area under the curve is 0.698,
which is notably lower than that reported by Blum et al
(0.90).11

J AM ACAD DERMATOL

MAY 2018
932 del Rosario et al
was given to larger lesions, even with regular
features. Several other studies have similarly re-
ported size to overestimate or underestimate malig-
nancy risk.26-30

We contend another potential source of the wide
variability in reported diagnostic accuracies relates to
the types of lesions selected for the study. Blum et al
excluded nonmelanocytic lesions such as seborrheic
keratoses. This introduced potential selection bias,
as these lesions are easy to distinguish from mela-
noma by dermoscopy. Both Fr€uhauf et al and
Perrinaud et al studied unselected populations,
which included numerous nonmelanocytic lesions,
to study these devices in a real clinical setting in
which nonmelanocytic lesions are often mistaken for
suspicious melanocytic lesions. They found these
lesions to significantly increase the false-positive
rate.28,31,32 We elected not to exclude nonmelano-
cytic lesions, given that a significant number of
lesions in our sample were suspicious enough to
be photographed and biopsed despite clinical and
dermoscopic examination by experienced
dermatologists.

Restricting analysis to solely biopsied lesions, as
was done in this study, potentially contributes to the
difference in reported results. Including more diag-
nostically challenging PSLs will ultimately lower
diagnostic accuracy compared with a set of diagnos-
tically straightforward lesions; understanding the
diagnostic difficulty of PSLs used to calculate diag-
nostic accuracy is quintessential when interpreting
such results. Several groups assert that employing a
device to assist physicians regarding the more
challenging PSLs would be of great benefit.17,32,33

The utility of CAD systems lies with their ability to
assist physicians in clinically equivocal cases
encountered in real clinical practice. Future studies
should prospectively compare analyzer data to
clinical diagnoses to better assess its utility in
practice.

The generalizability of our study might be limited;
standardization on studies assessing DDAs is
needed.3-6,30,34 We further acknowledge the limita-
tions inherent in a retrospective and single-
institution study. Nonetheless, we propose the size
and quality of our sample attest to the significance of
our results that identifies pitfalls in the performance
of one of these devices.

The overlapping CIs between melanoma and
CAN group scores suggests this system might not
have sufficient discriminantory power to distinguish
CAN from melanoma. Burroni et al found that none
of the 48 parameters on their DDA device had the
discriminant power for CAN and melanoma,35 which
is similarly reported in other studies.15 Boldrick et al
found 2 MIS scoring\5 (out of 10), and 2 invasive
SSMM with scores between 5 and 6. Clinically
evident melanomas did not score above an 8.36 The
device we investigated frequently misclassified inva-
sive melanomas with scores typical of benign or
atypical lesions.

Although most CAD systems calculate risk (which
are typically numerical) scores, manufacturers of
these instruments often do not disclose the threshold
scores used to obtain diagnostic accuracy. Thus,
interpretation of scores remains unclear. One study
on a different DDA system reported a change in
sensitivity from 83% to 100% by altering the cutoff
from 7.88 to 7.34 (out of 10).37 We recommend
further clarification by manufacturers concerning the
significance of malignancy risk scores before wide-
spread use of the system as a diagnostic tool.36

Figure 3 reveals a particularly steep increase in
specificity (green) and diagnostic accuracy (yellow),
as well as a steep decrease in sensitivity (red) for
lesions with scores between 0.35-0.45. Thus, if a PSL
is scored within this range, a high degree of uncer-
tainty in specificity and sensitivity exists, and the PSL
should be managed very cautiously. By contrast, a
lesion scored below 0.35 has a high likelihood of
being benign, as sensitivity at a score of 0.35 is about
90%. In our sample, only 10% of malignant lesions
scored below 0.35. The utility of the tool presently
lies in its ability to provide high-quality images with
measured areas that may be used for clinical moni-
toring for change.

CONCLUSION
The computerized diagnosis of melanoma is

rapidly advancing as both time and technology



Fig 5. Dermoscopic images of select pigmented skin lesions. A, Junctional nevus with mild
atypia on the left shoulder of a 46-year-old woman with an analyzer score of 0.86. Lesion
displays asymmetry for one perpendicular axis but a regular pigment network and no blue-
white structures. B, Melanoma in situ on the left superior helix of a 79-year-old man with an
analyzer score of 0.23. Lesion displays asymmetry for 2 perpendicular axes and atypical
pigment networks but contains no blue-white structures. C, Invasive melanoma (Breslow
depth, 1.26 mm) on the right upper arm of a 55-year-old man with an analyzer score of 0.34.
Lesion displays asymmetry for 2 perpendicular axes; atypical pigment networks; a combination
of a blue-white veil with regression structures; and a red, homogenous structure suggestive of
hemorrhage.
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progress. However, in its current state, this technol-
ogy has yet to establish a clear and significant role in
clinical practice. On the basis of these study results
and the literature, further investigations must be
conducted in a standardized manner to clarify the
real diagnostic performance of such devices before
they can fulfill the true potential the technology
promises. Keen vigilance for suspicious pigmented
lesions by clinicians remains quintessential to the
practice of dermatology and over-reliance upon
computer-aided diagnostic technology must be
cautioned.
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Supplemental Fig 1. Three-dimensional topographical bivariate histograms of individual
variables (A) asymmetry, (B and C) edge irregularity 1 and 2, (D) color, (E) area (mm2), (F)
irregular structures, (G) number of regions, and (H) sharpness, inherent to score (log 10
scaled). Large deviations from 0 (tall peaks, deep troughs) suggest risk scores are more
dependent upon the respective parameter; risk scores are highly dependent on area (E) and
regions (G). See methods for further detail.
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Supplemental Fig 2. Univariate histogram showing
number of patients with prior history of melanoma. Data
exhibits a Poisson distribution.
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Supplemental Fig 3. Breslow depth versus digital der-
moscopic image analyzer score. The analyzer correctly
assigned melanomas in situ high scores; however, more
invasive melanomas received lower scores, exhibiting an
inverse relationship between Breslow depth and severity
scores.
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Supplemental Table I. Characteristics of patients
with pigmented skin lesions

Patient characteristic (n = 1076) n (%)

Sex
Male 469 (43.59)
Female 607 (56.41)

Age
Mean age (SD), years 46.42 (16.53)
Median age (range), years 44 (18-89)

Fitzpatrick type
1 76 (7.06)
2 834 (77.51)
3 140 (13.01)
4 20 (1.86)
5 6 (0.56)

Prior history of MM*
0 882 (81.97)
1 171 (15.89)
2 16 (1.49)
3 5 (0.46)
4 1 (0.09)
5 1 (0.09)

MM, Malignant melanoma; SD, standard deviation.

*Poisson distribution identified (see Fig 3).
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Supplemental Table II. Analyzer score versus histopathology of biopsied lesions

Lentigo SK Benign

Low-grade

dys nevi

Medium-grade

dys nevi

High-grade

dys nevi MIS LM SSMM UMM

N 21 24 368 349 196 47 15 16 32 8
Min 0.03 0.07 0.01 0.01 0.03 0.06 0.15 0.01 0.02 0.07
Median 0.34 0.41 0.36 0.37 0.42 0.49 0.71 0.61 0.50 0.62
Max 0.79 0.97 0.99 0.95 0.99 0.99 0.99 0.99 0.99 0.99
Mean 0.29 0.45 0.38 0.39 0.48 0.56 0.63 0.61 0.60 0.56
Min mean (95% CI) 0.20 0.35 0.36 0.37 0.44 0.48 0.47 0.46 0.50 0.32
Max mean (95% CI) 0.37 0.55 0.41 0.41 0.51 0.63 0.79 0.76 0.70 0.80
SD 0.19 0.24 0.23 0.20 0.22 0.25 0.28 0.28 0.28 0.29

CI, Confidence interval; dys, dysplastic; LM, lentigo maligna melanoma; max, maximum; min, minimum; MIS, melanoma in situ; SD, standard

deviation; SK, seborrheic keratosis; SSMM, superficial spreading malignant melanoma; UMM, unspecified malignant melanoma.
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Supplemental Table III. Pearson correlations of
analyzer score by lesion characteristic

Characteristic Pearson correlation

Area 0.66
Edge irregularity 1 0.22
Edge irregularity 2 0.14
Sharpness 0.18
Color variation 0.18
Asymmetry 0.04
Red 0.21
Green 0.21
Blue 0.12
Irregular structures 0.23
Regions 0.53
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