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Background Instruments designed to provide computer program-driven diagnosis of
dermoscopic images of lesions are now commercially available. Multiple publica-
tions tout the improved diagnostic accuracy of these instruments compared with
that of clinicians.

Objectives Our aim was to evaluate the actual usefulness of these instruments for
dermatologists practising in a pigmented lesion clinic.

Methods Over a 4-month period we subjected lesions, which were being evaluated
in one of our clinics, to automated computer diagnosis performed by three
commercially available instruments. We intentionally included three groups of
lesions: group 1 lesions were suspicious melanocytic lesions that were scheduled
to be excised; group 2 lesions were nonmelanocytic lesions; group 3 lesions
were clinically obvious melanomas. The automated diagnoses provided by the
instruments were compared with the dermoscopy diagnosis of experienced phys-
icians and with histopathology.

Results We included a total of 107 lesions. One imaging system’s computer algo-
rithm was unable to analyse one third of the lesions. All three instruments’ com-
puter algorithms were able to identify the clinically obvious melanomas (group
3) correctly. However, all three systems tended to overdiagnose by incorrectly
classifying most seborrhoeic keratoses (group 2) as potential malignant lesions.
Concerning the suspect melanocytic lesions (group 1), which are precisely the
lesions for which a dermatologist would welcome a second opinion, we found
significant variability in the diagnostic accuracy of the instruments tested. How-
ever, all three systems providing computer-assisted diagnosis had a tendency to
overdiagnose benign melanocytic lesions as potential melanomas.

Conclusions Although the image analysis systems tested by us correctly identified
the clinically obvious melanomas, they were not able to discriminate between
most dysplastic naevi and early malignant melanoma. Thus, for the moment these
computer-assisted diagnostic imaging machines provide little to no added benefit

for the experienced dermatologist/dermoscopist.

The commercially available digital dermoscopy instruments
that are designed to provide computer-assisted diagnosis have
been tested, and publications praising their diagnostic abilities
are present in peer-reviewed journals.l_15 However, many of
the data used in these publications originate from centres that
have a vested interest in their respective instrument. Thus, it is
possible that the results presented in these publications are

biased, intentionally or unintentionally, due primarily to selec-
tion bias of images used for training and testing the algo-
rithms. Based on these concerns we believe that there is a
need to evaluate the ‘actual’ usefulness of these automated
image analysis algorithms for dermatologists practising in a
pigmented lesion clinic.” Dermatologists are often confronted
with difficult to diagnose pigmented lesions for which an
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usefulness as computer-assisted diagnostic aids for the derma-
tologist, the results of the analysis are presented in an anony-
mous manner. Thus, the systems from henceforth will be
called system I, system II and system IIL.

The first phase of the analysis consisted of evaluating each
system’s ability or inability to evaluate the lesion in question.
The first critical task in computer-assisted analysis requires the
computer to determine the border of the lesion by separating
the lesional skin from the normal skin. This process is called
‘segmentation” and although this may seem like a trivial task
for clinicians it is a complex and challenging task for comput-
ers. All three systems perform automated segmentation and in
two of the three systems the operator had the ability to adjust
the computer-determined segmentation manually if he felt
that the computer-defined border was inaccurate.

The performance of the three systems with respect to their
ability, or lack of it, to analyse the lesions is shown in
Figure 1. The best-performing system rejected five of the 102
group | and 2 lesions (5%) and the worst system rejected 33
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Fig 1. The numbers of lesions that could and could not be analysed

by the different systems tested.
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Fig 2. The different reasons (per instrument) why pigmented lesions

were rejected by the computer-assisted diagnosis systems.

(32%) of the 102 group 1 and 2 lesions tested. The main rea-
sons why the systems rejected these lesions are presented in
Figure 2. Although there were some lesions that were rejected
by all three systems, approximately half of the lesions were
rejected by at least one of the three systems. Of the lesions
that were analysable, the three systems provided a computer-
assisted diagnosis in different ways (Fig. 3). Only one system
provided a precise cut-off between benign, suspect and malig-
nant. The other two systems calculated a score value which
was then compared with an internally programmed reference
database. Thus, for each score value, the dermatologist was
provided with the statistical probability, based on the training
set of lesions used to train the machine, that the given lesion
is benign or malignant. For ease of comparison of the values
provided by any given machine we utilized a box plot analysis
of the score values as provided by the machine. To interpret
the box plot correctly requires knowing that for each box, the
higher up the y-axis the box is placed the greater is the proba-
bility that the lesion in question is malignant. Conversely, the
lower down the y-axis the box is placed the greater is the

Fig 3. The computer screenshot display from
the differents instruments tested. From top
to bottom: Dermogenius, FotoFinder,
Microderm. The result for the individual

lesion being analysed is illustrated by a black

bar on the graph. Only the FotoFinder has

clear cut-off points for benign, suspect and
malignant lesions. The other systems provide
the information as a probability of being

benign or malignant based on a reference

database.
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Fig 4. Boxplots of the results as obtained with system I. The closer
the box is located towards the top of the diagram, the more likely the
computer found a lesion to be malignant and the closer the box is
towards the bottom of the diagram the more likely it is that the
computer found the lesion to be benign. This instrument performed
the best as it correctly categorized all melanomas and basal cell
carcinomas as suspect or malignant. However, many of the dysplastic

naevi and solar keratoses were also scored as suspect lesions.
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Fig 5. Boxplot for system II. This system was able to identify
malignant melanoma in situ correctly as a malignant lesion. However,
it performed poorly in identifying invasive malignant melanoma and
basal cell carcinoma as suspect lesions. Furthermore, it classified many

dysplastic naevi and seborrhoeic keratoses as suspect lesions.

probability that the lesion is benign. The results of the box
plot for the three systems are shown in Figures 4—6. The best
performance was given by the system shown in Figure 4. As
can be seen in Figure 4, this instrument gave values that were
lower for benign lesions and higher for melanoma and for
BCC. The next system (Fig. 5) performed well and was able
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Fig 6. Boxplot diagram for system III. This system did not perform
well as it classified many of the benign lesions as suspect, resulting in

a low specificity.

to identify most melanoma in situ. However, it performed
poorly in recognizing invasive melanomas and BCC, with
score values for these being similar to those for benign
lesions. The last system (Fig. 6) performed poorly and was
unable to discriminate between the benign and malignant
lesions.

With respect to the nonmelanocytic lesions, system I per-
formed well for pigmented BCCs by correctly identifying them
as probably malignant or suspect lesions. The other two
systems categorized the BCCs as benign lesions. However, all
systems overdiagnosed the other nonmelanocytic lesions, espe-
cially the pigmented seborrhoeic keratoses, as being malignant
or suspect lesions. Thus, it appears that these systems tend to
categorize most nonmelanocytic lesions as suspect or malig-
nant while at the same time missing BCCs. This confirms the
statement made by the manufacturers of these systems that
these algorithms cannot be applied to lesions of nonmelano-
cytic origin.

Figures 7—10 are graphs comparing the diagnoses of the
dermoscopists and the three systems against the histology
diagnosis of group 1 lesions. As not all systems provided a
clear cut-off between benign, suspect and malignant lesions,
we had to define this cut-off for ourselves based on the results
as provided by the machines (Fig. 3). The cut-off was deter-
mined visually using the probability curves as provided by the
systems. We independently asked six experienced dermatolo-
gists to indicate the point on the scale they would utilize as
the cut-off between benign and malignant. Even though the
evaluation was done independently the final result for the cut-
off was surprisingly similar for all six physicians. The final
cut-off’ point was determined using the mean value of the six
independent evaluations. Figure 7 shows the results for the
dermoscopy diagnosis made by the clinician. Per definition,
for the clinician, all lesions were suspect and were either
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Fig 7. Correlation of the clinical (dermoscopy) diagnosis with
histology. The dermoscopist diagnosed all lesions to be benign or
suspicious (see inclusion criteria), as clear-cut melanomas were
excluded from this study. All melanomas were in the suspicious group
and were therefore removed. N.B. the histology diagnosis has been
divided into ‘benign’, ‘malignant’ and ‘suspicious’. The suspicious

lesions represent dysplastic naevi.
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Fig 8. Results as provided by system I in correlation with the
histology diagnosis. This instrument performed the best and all lesions
which turned out to be melanoma were recognized either as
melanomas or as suspicious lesions, which means that they would
have been detected if the management decision for the lesion had
been based on the result from system I. N.B. the histology diagnosis
has been divided into ‘benign’, ‘malignant’ and ‘suspicious’. The

suspicious lesions represent dysplastic naevi.
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Fig 9. Results as provided by system II in correlation with the
histology diagnosis. Like the clinician, the system diagnosed only
benign and suspicious lesions, not melanomas. The lesions which
turned out to be histologically proven melanomas were found
classified in both the benign and the suspicious groupings. N.B. the
histology diagnosis has been divided into ‘benign’, ‘malignant’ and

‘suspicious’. The suspicious lesions represent dysplastic naevi.
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Fig 10. Results as provided by system III in correlation with the
histology diagnosis. System III performed least well. Many of the early
melanomas would have been overlooked if the management decision
had been based on system III. N.B. the histology diagnosis has been
divided into ‘benign’, ‘malignant’ and ‘suspicious’. The suspicious

lesions represent dysplastic naevi.
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dysplastic naevi or melanoma. Histology confirmed that for all
cases in which the clinician thought the lesion to be ‘probably
benign’ the lesion was in fact benign. The lesions which were
thought to be suspicious by the clinician were in the majority
of cases dysplastic naevi on histology. All cases that were
histologically proven melanomas were correctly recognized as
suspicious by the clinician (dermoscopist) and surgically
removed. Concerning the computer-assisted diagnosis, the
machines performed quite differently from each other. System
I performed best. It identified all cases of melanomas, diagnos-
ing them either as melanomas or as suspect lesions. However,
the computer overdiagnosed 12 benign lesions as melanomas.
On the other hand, system I recognized 19 of the benign
lesions, while the clinician identified only 11 of them as
benign. Thus, system I had a higher specificity as compared
with the clinician. System II correctly diagnosed many benign
lesions, dysplastic lesions and malignant melanoma in situ, but
was unable to identify invasive melanoma and BCC correctly.
The invasive melanomas were falsely classified as benign
lesions or dysplastic naevi. System III was not able to discrimi-
nate between benign and malignant lesions, thus resulting in
a poor specificity and sensitivity.

The clinically obvious melanomas (group 3) were correctly
recognized by all three systems. The analysis presented in the
preceding paragraphs did not include these clinically obvious
melanomas in the data analysis as they did not pose any diffi-
culty for the clinician to diagnose. Including such clinically
obvious lesions was not the aim of this study. The aim of the
study was to determine whether computer-based diagnosis
could possibly provide added information for the experienced
dermatologist when evaluating clinically equivocal pigmented
lesions.

Discussion

Computer-assisted diagnostic machines are now commercially
available. Most of their manufacturers report that the sensitiv-
ity and specificity of their systems approach those of experi-
enced dermatologists. Most of these studies, however, have
been performed by the scientific advisors of the corresponding
companies. With the exception of the article by Bystryn” the
diagnostic performance of these systems has not been tested
in a routine dermatology practice. As a part of the study by
Bystryn, the author examined 52 clinically benign lesions with
computer-assisted diagnosis. The computer identified nine
lesions as suspect. These nine lesions were biopsied, revealing
one melanoma and eight dysplastic naevi. However, to our
knowledge, there are no studies that have tested several differ-
ent instruments at the same time on the same set of lesions
and compared the results with the clinical diagnosis of an
experienced dermoscopist.

It is our contention that the diagnostic accuracy, whether
on clinical examination, dermoscopy, or based on computer-
assisted diagnosis, is dependent upon the lesions selected for
the study. If only a set of diagnostically challenging lesions is
included then the diagnostic accuracy will be lower as com-

© 2007 The Authors

pared with the diagnostic accuracy calculated on a set of diag-
nostically simple lesions. Thus, one needs to be cogniscent of
the clinical diagnostic difficulty of the lesions used to generate
the diagnostic accuracy, sensitivity and specificity results.
There is a need to understand how these machines will per-
form in a routine dermatology practice. This is why we
embarked on this research project. It is highly unlikely that a
dermatologist will wutilize a computer-assisted diagnostic
system for clinically obvious benign or malignant lesions. Der-
matologists are much more likely to want to obtain computer-
assisted diagnosis for clinically equivocal cases. For this reason
we chose to test the instruments on a set of difficult lesions
(group 1). All lesions were deemed to be suspicious by his-
tory or on routine examination. The initial dermoscopic diag-
nosis for all group 1 lesions was between dysplastic naevus
and melanoma. The final histology revealed that four of these
91 lesions were in fact early melanomas. Our aim was to eval-
uate the usefulness of these image analysis instruments in pro-
viding a second opinion for dermatologists and to determine
how they perform in comparison with an experienced dermo-
scopist.

The study was designed to simulate the routine scenario
in a dermatologist’s office. Dermatologists may utilize com-
puter-assisted image analysis instruments for some banal-
appearing lesions so as to help increase their confidence that
the lesion under investigation is indeed benign. However,
dermatologists are much more likely to utilize such instru-
ments for lesions that are clinically suspect (group 1 lesions).
As mentioned earlier, the current machines tested by us have
been developed exclusively for the evaluation of melanocytic
lesions. However, as it is sometimes difficult to differentiate
between melanocytic and nonmelanocytic lesions, it is very
likely that under routine practice conditions some nonmelan-
ocytic lesions will be evaluated by the machine. For this rea-
son we felt that it would be important to include some
pigmented lesions of nonmelanocytic origin. As the manufac-
tures of these instruments state that their machines can be
used to evaluate only melanocytic lesions, we elected to test
the machines’ ability to evaluate nonmelanocytic lesions in a
separate group (group 2). Finally, we needed to verify that
the machines would not miss clinically obvious melanomas.
For this reason, we prospectively evaluated five clinically
obvious melanomas with the three machines. As expected,
all machines recognized these obvious melanomas as malig-
nant lesions.

The first interesting observation we made during the study
was that many images of lesions submitted to the computer
for analysis could not be analysed by the computer algorithms.
In fact, one system rejected almost a third of the lesions sub-
mitted for analysis. This finding, that a system may reject
almost a third of the cases for which the dermatologist would
like a second opinion, brings into questions the usefulness of
this instrument in the daily routine practice.

We evaluated the reasons why the systems rejected analy-
sing some lesions. It became obvious that all instruments
required the presence of adequate contrast between the lesion
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and surrounding nonlesional skin. Furthermore, the computers
were not able to analyse lesions that were too large or too
small.

The next obstacle which we had to overcome was the fact
that the different instruments provide results in different man-
ners (see Fig. 3). This made the comparison of the diagnostic
accuracy of the machines with each other challenging. Only
one system had, at the time of the study, clear cut-off values
for benign, suspect and malignant lesions. The other two in-
struments provided a score value for the lesion. The graphs
provided by the manufacturers indicated how many lesions
with the same score value were benign or malignant in the
machine’s training dataset. Ultimately the physician was
required to render the final decision.

Many clinicians desire having access to computer image
analysis systems that can reliably indicate which lesions
require a biopsy and which do not. However, it is our opin-
ion that computer-assisted diagnosis cannot replace the clini-
cian’s judgement and management decisions. For example, in
a patient with the dysplastic naevus syndrome, where there
may be numerous clinically atypical lesions, the computer is
likely to indicate that many of the lesions require a biopsy.
Clinicians, on the other hand, have the remarkable ability to
assess and filter through all of the skin lesions quickly and to
determine the relative similarity and relative degree of differ-
ence between lesions. This process allows the clinician to
select out the potential melanomas within a sea of hundreds
of naevi. The currently available computer image analysis sys-
tems do not have the ability to perform this complex task of
selecting out the ‘ugly duckling’ lesions.*

If one compares the results of the physicians’ diagnostic
accuracy with that of the different instruments, with histo-
pathology serving as the gold standard, the clinicians per-
formed very well. All melanomas were diagnosed by the
clinician as being suspicious. The instrument which performed
the best recognized all melanomas as either suspicious or ma-
lignant. In addition, this system identified 19 benign lesions
as such, while the clinician identified only 11 benign lesions
correctly. In this case the computer system had a better speci-
ficity than the clinician. However, many of the dysplastic
naevi were also classified as malignant or suspicious. The other
two instruments falsely classified some of the histologically
proven melanomas as benign lesions.

Boldrick et al. recently reported their experience with one
digital image analysis system and found similar results as
reported above.® They concluded that the algorithm as used
by the system ‘requires further training and validation before
the malignancy risk assessment feature can be widely used in
clinical practice’.

All melanomas in group 1 were difficult cases with a high
degree of diagnostic difficulty. To illustrate this point we
describe in detail one case of melanoma which was missed by
the image analysis machines and by the clinician. The patient
was a 37-year-old woman with the dysplastic naevus syn-
drome. The clinical overview image (Fig. 11) illustrates that
the lesion which turned out to be a melanoma was not an

Fig 11. Clinical picture of the back of a 37-year-old woman. The
arrow points to one lesion that was included in this study. The lesion
does not differ from the other lesions and is clearly not an ugly

duckling lesion.

Fig 12. Clinical image (left upper corner) and dermoscopy of the
lesion in Figure 11. The lesion has a globular architecture with central
hypopigmentation. No dermoscopy criteria of malignancy can be
found in this lesion. The clinician’s decision to biopsy this lesion was
based on the fact that it was the only one which had a central
hypopigmented area. Histologically this lesion turned out to be a

0-3 mm melanoma. The diagnosis of melanoma was missed by all

three image analysis systems and by the clinician.

‘ugly duckling’ lesion. At higher magnification (Fig. 12), the
lesion looked clinically like a compound naevus and had no
clinical features of melanoma. On dermoscopy (Fig. 12), the
lesion had a reticular-globular architecture with some brown
globules at the periphery. The lesion had a central hypopig-
mented area without any signs of regression. The dermoscop-
ist decided to remove this lesion. Prior to removal, one
instrument diagnosed the lesion as somewhat suspect (system
I) and the other two (systems II and III) as a benign lesion.
Histology revealed the diagnosis of a superficial spreading
melanoma with a Breslow thickness of 0-3 mm.

In conclusion, computer-assisted dermoscopy diagnosis
instruments are commercially available. Although the image
analysis systems tested by us correctly identified the clinically
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obvious melanomas, they were not able to discriminate
between most dysplastic naevi and early malignant melanoma.
Thus, for the moment these computer-assisted diagnostic
imaging machines provide little to no added benefit for the
experienced dermatologist/dermoscopist.
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