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utomated Diagnostic
nstruments for Cutaneous Melanoma
alene E. Vestergaard, MD,* and Scott W. Menzies, MB, BS, PhD†

The objective of this review is to report and discuss the evidence for fully automated
diagnostic instruments for cutaneous melanoma tested in a real-world clinical setting
directly compared with human diagnosis. A systematic review was performed and articles
excluded when studies did not report sensitivity or specificity for melanoma directly
compared with humans on an independent test set. Only 3 instruments have had their
diagnostic accuracy compared with a human diagnosis in the clinical field with a mean-
ingful sample size that could allow some generalization with the wider clinical arena. Two
of these instruments showed a significantly inferior specificity for the diagnosis of mela-
noma compared with specialists. In one of these studies, the sensitivity for diagnosis,
although superior to the specialist diagnosis, did not reach statistical significance. In
contrast, one instrument had an equivalent specificity and trended superior but not signif-
icantly for sensitivity for the diagnosis of melanoma. Other image based nonclinic studies
and studies comparing clinical management as the endpoint rather than diagnosis are also
reviewed.
Semin Cutan Med Surg 27:32-36 © 2008 Elsevier Inc. All rights reserved.
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he clinical diagnosis of cutaneous melanoma (CM) is
variable and limited depending on the clinician’s perfor-

ance and experience.1,2 Fully automated diagnostic instru-
ents have been developed with the aim of no or limited

nput from humans. A systematic review by Rosado and co-
orkers3 from 2003 concluded: “The computer diagnosis of
elanoma is accurate under experimental conditions but the
ractical value of automated diagnostic instruments under
eal world conditions is currently unknown.” Today, there
re several automated diagnostic instruments available on the
arket. Ideal requirements for instrument testing have been

uggested in the review by Rosado3 and also recently by Men-
ies4 in 2006. These include instrument performance com-
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ared with human diagnosis on consecutive or random se-
ected benign and malignant lesions (not only excised lesions
ecause this does not reflect the real world) with clear inclu-
ion/exclusion criteria in a defined clinical setting, tested on
n independent set of lesions with repeatability analysis per-
ormed and instrument calibration reported. The objective of
his review is to report and discuss the evidence for fully
utomated diagnostic instruments for cutaneous melanoma
ested in a real-world clinical setting directly compared with
uman diagnosis.
Different technologies have been applied with the use of

ariance in physical properties such as visible and nonvisible
ight, ultrasound frequencies, magnetic resonance, and elec-
rical impedance in melanoma and nonmelanoma skin le-
ions. Extensive literature on software with mathematical
odels for analyzing and classifying the data from skin le-

ions are published but are beyond the scope of this review.
he most thoroughly tested and developed diagnostic sys-

ems can be divided into (1) digitized images with diagnostic
isual properties automatically segmented sometimes in
nalogy to traditional dermoscopy and naked eye examina-
ion, (2) analysis of sequence of images taken at different
avelengths (multi-spectral images) with similar image anal-

sis to the aforementioned devices or sometimes segmenting
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Automated diagnostic instruments for cutaneous melanoma 33
nformation of skin chromophores or deeper nonvisualized
tructures, and (3) electrical impedance devices that uses
ifferent electrical properties of malignant skin lesions.

earch Strategy
nd Selection Criteria
atabases searched were PubMed, MEDLINE, Cochrane,
mbase, Clinicial Evidence, and CINAHL from 1987 until
007. Key words used were Nevus pigmented, diagnostic
est, digital imaging, images processing, computer assisted,
aked eye examination, skin neoplasm, nevus, melanoma,
ensitivity, specificity. This search was provided from The
ustralian Cancer Network and National Health and Medical
esearch Council (NHMRC) in conjunction to updating the
HMRC guidelines for melanoma. An additional litera-

ure search was performed later with PubMed limited to the
eriod January 1, 2007, to June 1, 2007, searching the
eywords melanoma AND computer diagnosis, computer
ssisted, digital images diagnosis, automated diagnosis, di-
gnostic test, image processing, neural network, automatic
lassifier, physical examination, skin neoplasm, pigmented
evus, pigmented lesion. A search on all first and last authors
f included studies in the same period was also performed.
he titles and abstracts were examined and relevant articles
ere reviewed by 1 reader (M.V.). Uncertainties were dis-

ussed with an expert in the field (S.M.) and resolved by
onsensus. Articles were excluded when studies did not re-
ort sensitivity or specificity for melanoma directly com-
ared with humans on an independent test set. Studies using
ross-validation without using an independent test set were
ot retrieved. Table 1 describes the studies satisfying these
equirements. In addition, studies comparing lesion manage-
ent of the instrument to human performance were retrieved

s tabled. When found, studies that did not meet these strin-
ent criteria but were relevant to certain instruments that had
atisfied these requirements elsewhere were examined.

urther Developed Devices
e identified 3 instruments that have compared instrument

iagnostic accuracy with human diagnosis in a clinical setting
sing an independent test set and with a sample size large
nough to enable generalization to the wider clinical arena.
he studies are presented in order of year of publication.

B-MIPS
auer and coworkers5 tested a diagnostic system on more
han 300 patients in a dermatology center in Italy. They used

stereomicroscope and a 3-charge-coupled device (CCD)
amera for capturing high-resolution digital dermoscopy im-
ges. Image-analysis software, DB-Dermo MIPS® (Dell’Eva-
urroni Dermoscopy Melanoma Image Processing Software,
RL, Siena, Italy) using an artificial neural network (ANN)
lassifier evaluated image analysis variables of geometries,
olors and textures6 allowing an automated diagnosis of the

esion. The independent test set were 315 consecutive pig- m
ented skin lesions (PSL) preselected for excision (12 in situ
M, 14 invasive CM � 0.75 mm, 10 CM between 0.75 and
.5 mm, and 6 CM � 1.5 mm Breslow thickness). The hu-
an diagnosis was decided by consensus of 3 or 4 dermatol-

gists (1 expert in PSLs) trained in the diagnosis of melanoma
nd PSLs. The diagnostic system demonstrated higher sensi-
ivity (93%) than the specialists (79%) for diagnosis of mel-
noma and similar specificity (98% vs 96%). However, this
id not reach statistical significance.

B-MIPS: Other Relevant Studies
n another Italian center, Piccolo and coworkers7 tested the
iagnostic performance of the DEM-MIPS® (Digital Epi Mi-
roscopy Melanoma Image Processing Software, Biomips
RL, Siena, Italy) software system using an older release
ased on a neural network classifier. The independent test set
as image based ie, not in the clinical setting, of 13 CM and
28 nonmelanoma lesions, including 281 Clark nevi, excised
ecause of equivocal dermoscopic findings or at the patient’s
equest. They reported 92% sensitivity (95% confidence in-
erval [95% CI] 0.78–1.00) for both the automated system
nd one trained dermatologist with more than 5 years’ expe-
ience in dermoscopy. However, the specificity of the system
as 74% (95% CI 0.69–0.79), which was significantly lower

han the specificity of the expert which reached 99% (95% CI
.98–1.00). In contrast, a clinician with minimal training in
ermoscopy had a sensitivity of 69% (95% CI 0.44–0.94)
ut a specificity of 94% (95% CI 0.92–0.97) for the diagnosis
f melanoma on the same test set.
Finally, use of image analysis features derived from various

ersions of the DB-Dermo MIPS system to formulate other
iagnostic classifiers has been described in a number of set-
ings without comparison with human performance.8-10

This automated diagnostic system has been further opti-
ized and developed (DB-MIPS© System, BIO MIPS Engi-
eering, SRL, Siena, Italy). Recently, a large study evaluated
he system in 3 clinical centers, 1 referral center, and 2 primary
creening centers.11 The instrument was used as an integrated
art of the daily clinical examination and demonstrated a sensi-
ivity of 90% to 95% and specificity 80% to 86% for diagnosis of
elanoma depending on the center. No comparison with the

pecialist clinical diagnosis was reported.
An overall conclusion based on the entire literature of the

B-MIPS® software is difficult because of different classifiers
sed in studies. In the only study directly comparing the

nstrument and the specialists in a clinical setting using an
lder version of DB-MIPS® software, it appeared that the
iagnostic performance was at least equivalent to specialist
linicians.5 However, in the only other study again using an
lder version of the classifier but also comparing images
ather than clinical examination, showed a significantly lower
pecificity compared with an experienced clinician.7 Such
esults may reflect dramatic differences in the proportion of
ysplastic nevi in the benign sets examined (Table 1). Further
linical studies of the present instrument are eagerly awaited
nd will hopefully provide evidence for its diagnostic perfor-

ance against humans in a defined clinical setting.



Table 1 Studies Comparing Human Diagnosis or Management with Instrument Diagnosis on an Independent Test Set

First Author
Year

Published
n � Lesions
in Test Set CM

Median
Breslow

Thickness
mm

DN
(% of benign

lesions)
Lesion
Type

Selection
of Lesions

Sensitivity
Instrument

[95% confidence
interval]

Sensitivity
Clinician

[95% confidence
interval]

Specificity
Instrument

[95% confidence
interval]

Specificity
Clinician

[95% confidence
interval]

Bauer 2000 315 42 NE 9 PSL Consecutive
to be
excised

93 79 98 96

Piccolo 2002 341 13 NR 86 PSL Consecutive
excised

92 [78–100] 92 (TD) [78–100] 74 [69–79] 99 (TD) [98–100]
69 (MTC) [44–94] 94 (MTC) [92–97]

Bono 2002 313 66 0.64 4 PSL Consecutive
to be
excised

80 91 49 (P < 0.001) 74

Har-Shai 2005 384 53 0.60 27 PSL Sample to be
excised

91 81 58 (P < 0.001) 81

Blum 2004 144 32 0.86 53 MSL Consecutive
excised

100 (P < 0.02) 84 (expert) 77 (P < 0.002) 92 (expert)
100 (P < 0.04) 88 (average) 77 (P � 0.022) 88 (average)
100 (P < 0.02) 84 (beginner) 77 87 (beginner)

Menzies 2005 78 13 NR 66 MSL Random
excised

85 90 (experts) 65 59 (experts)
85 81 (dermato) 65 60 (dermato)
85 85 (trainee) 65 (P � 0.006) 36 (trainee)
85 62 (GP) 65 63 (GP)

Carrara 2007 1198 76 NE NE PSL Consecutive
patients

NA NA NA NA

Jamora 2003 440 1 In situ NE PSL Atypical NA NA NA NA
Boldrick 2007 1000 6 0.30 NE PSL All PSL on

83 patients
NA NA NA NA

Sensitivity is the number of lesions classified as melanoma divided by the number of lesions with histopathology diagnosis of melanoma, expressed as a percentage. Specificity is the number of
lesions classified as non-melanoma divided by the number of lesions with a histopathology diagnosis of non-melanoma, expressed as a percentage. The P-value was calculated by Chi-Square
analysis.

CM, Cutaneous Melanoma; DN, Dysplastic Nevus; PSL, Pigmented Skin Lesion; MSL, Melanocytic Skin Lesion; NR, Not Reported; NE, Not Extractable; NA, Not Applicable; TD, Trained
Dermatologist; MTC, Minimal Trained Clinician; dermato, Dermatologists; trainee, Dermatologist Trainee; GP, General Practitioner. Expert, average and beginner refer to experience in
dermoscopy.
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Automated diagnostic instruments for cutaneous melanoma 35
elespectrometry
ono and coworkers12 investigated the performance of a
elespectrophotometry (TS) system on 298 patients in Italy in
002. The system consisted of a CCD camera with 17 filters
cquiring spectral images analyzed for reflectance, variega-
ion, pigment distribution, lesion contour and border irreg-
larity parameters and classified by a computer system. The

ndependent test set was 313 consecutive excised PSLs sus-
icious for melanoma (66 CM, median Breslow thickness
.64 mm and 247 nonmelanoma including 10 dysplastic
evi [DN]). The clinical diagnosis was performed by 1 of the
surgical oncologists with more than 5 years’ experience in

he diagnosis of PSLs. Their result demonstrated a lower sen-
itivity of the TS system for melanoma (80%) compared with
he sensitivity of the specialists (91%), which failed to reach
tatistical significance. However, there was a significantly
ower specificity for the TS of 49% compared with 74% for
he specialists.

Currently another spectroscopy and image analysis-based
nstrument (MelaFind®, Electro-Optical Sciences, Inc. Irv-
ngton, NY) is undergoing a clinical trial with the aim of Food
nd Drug Administration approval comparing its perfor-
ance with dermatologists in the United States. The research

roup of Elbaum and coworkers13 reported at least 95% sen-
itivity and close to 70% specificity using cross validation
hen developing classifiers for the system. The results of this

rial are eagerly awaited.

lectrical Impedance
n 2005 Har-Shai and coworkers14 used an electrical imped-
nce scanning device (TS2000M®, TranScan Medical Ltd.,
igdal Ha’Emek, Israel) for the diagnosis of melanoma. The

ystem uses electrodes that measure electrical impedance in
he skin lesions. An integrated image analysis system was also
eveloped on a nonindependent set, the results of which are
ot reported here. The test set of 384 PSLs preselected for
xcision from trunk or extremities included 53 CM (median
reslow thickness 0.6 mm) and 88 DN. The clinical diagnosis
as performed by clinicians at 8 dermatology and surgery

enters. The instrument achieved 91% sensitivity for mela-
oma compared with 81% for the clinician diagnosis, which
as not statistically significant. However, the 58% specificity
f the instrument was significantly poorer than the 81% spec-
ficity for the clinician. The system could not discriminate

elanoma on the head or neck due to different impedance
roperties of the skin at these sites.

ther Instruments That
ompare Human Diagnosis

n Experimental Conditions
r With Smaller Sample Sizes
dermoscopy image analysis system (Tuebinger Mole Ana-

yzer, University of Tuebingen, Tuebingen, Germany) was
ested on an independent set of images (ie, not in a clinical

etting) of 144 excised melanocytic skin lesions (MSLs; o
2 CM, median Breslow thickness 0.86 mm, 53 melanocytic
evi, and 59 DN) by Blum and coworkers.15 The automated
iagnostic system had a statistically significant higher sensi-
ivity (100%) compared with the 84% sensitivity for both an
xpert and a beginner in dermoscopy and 88% sensitivity for
clinician with average dermoscopy experience. Specificity
f the instrument (77%) was significantly lower compared
ith the expert (92%) and the average dermoscopy user

88%) and trended but failed to reach statistical significance
or the beginner (87%).

The performance of another automated dermoscopy image
nalysis instrument (SolarScan®, Polartechnics Ltd., Sydney,
ustralia) was developed and tested by Menzies and cowork-
rs.16 They simulated the clinical setting by providing 13
linicians with patient details, lesion history, and clinical and
ermoscopic images. The independent test set was 78 MSLs
ith histopathological diagnosis (13 CM, 22 melanocytic
evi, and 43 DN). The SolarScan® system had a comparable
r superior sensitivity and specificity (85% and 65%) com-
ared with those of the mean of 3 international dermoscopy
xperts (90% and 59%), 4 dermatologists (81% and 60%), 3
ermatology trainees (85% and 36%), and 3 general practi-
ioners (62% and 63%). Only the inferior specificity and
ositive predictive value for the diagnosis of melanoma for
he trainees, and the inferior negative predictive value in
eneral practitioners reached statistically significant differ-
nces. Overall, the instrument was reported to have 91%
ensitivity and 68% specificity on an independent test set of
22 CM (median Breslow thickness 0.37 mm) and 596 MSLs.
Finally, Barzegari and coworkers17 also used a diagnos-

ic system based on digital dermoscopy image analysis
microDERM®, VISIOmed AG, Bochum, Germany) on a
mall sample of 122 PSLs (6 CM and 7 DN) preselected for
xcision on 91 Iranian patients. While a comparison was
ade with two clinicians the algorithm threshold was not

elected before testing. Nevertheless a threshold was noted
hat gave the same 83% sensitivity and 96% specificity for
oth instrument and clinical diagnosis for melanoma.

nstruments Assessed for
anagement as the Endpoint

everal research groups have explored the performance of
utomatic diagnostic instruments for selecting PSLs for exci-
ion, thus mimicking a specialist clinician management of
SLs. Such an instrument could support nonexpert clinicians
o identify PSLs that need investigation.

Carrara and coworkers18 trained and tested an ANN for
lassifying PSLs as excision-needing or reassuring based on
mages acquired by a spectrophotometric image system
SpectroShade®, MHT, Verona, Italy). The automatic classi-
cation was compared with the management decision of an
xpert clinician. In an independent test set of 524 excised
SLs including 76 CM and 674 nonexcised reassuring PSLs
he system correctly classified 88% of excised lesions while it

nly classified 80% of nonexcised lesions as reassuring.



a
S
c
e
t
m
s
i
n
a

r
d
B
c
w
w
i
s
a
i
t
a

D
A
s
d
3
w
s
w
n
c
s
d
c
m
n
A
C
c
p
t
c

a
c
i
m
i
a
m
b
o

n
m
s
t
t

R

1

1

1

1

1

1

1

1

1

1

2

36 M.E. Vestergaard and S.W. Menzies
Jamora and coworkers19 tested whether a commercial avail-
ble computerized dermoscopy image analyzer (DermoGenius
ystem®, Rodenstock Prazisionsoptik, Munich, Germany)
ould improve the management of PSLs. One specialist had
xamined and found 440 PSLs atypical but not sufficient to
rigger biopsy. These lesions were analyzed with the instru-
ent and 52 PSLs were biopsied solely on the basis of the

ystem. One in situ melanoma was found in this set by the
nstrument (ie, missed by clinician) but 51 benign nonmela-
oma PSLs were excised (correctly classified by the clinician
nd incorrectly by the computer system).

This approach was also examined by Boldrick and her
esearch group in an experimental retrospective study.20 The
igital image analyzing system microDERM® (VISIOmed AG,
ochum, Germany) as described above and an expert clini-
ian rated dermoscopy images of 1000 PSLs as benign or
orrisome with need for biopsy. The expert rated 18 PSLs
orrisome and had complete agreement with the initial clin-

cal assessment to excise. However, the microDERM® system
cored 94 PSLs as requiring excision. The “need to biopsy”
greement between the instrument and the expert and the
nitial clinical examination was poor. Furthermore, the sys-
em misclassified 2 of 6 melanoma as not requiring excision
mong the 18 lesions with a histopathological diagnosis.

iscussion
generalization of all automated instruments for the diagno-

is of melanoma is not appropriate because each offer very
ifferent technologies with differing diagnostic abilities. Only
instruments have had their diagnostic accuracy compared
ith a human diagnosis in the clinical field with a meaningful

ample size that could allow some generalization with the
ider clinical arena. Two of these instruments showed a sig-
ificantly inferior specificity for the diagnosis of melanoma
ompared with specialists.12,14 In one of these studies,14 the
ensitivity for diagnosis, although superior to the specialist
iagnosis, did not reach statistical significance possibly be-
ause of a deficiency in sample size. In contrast, one instru-
ent5 had an equivalent specificity and trended superior but

ot significantly for sensitivity for the diagnosis of melanoma.
gain the later result may result from a deficiency in power.
omplicating the assessment of this result was the signifi-
antly inferior specificity found with the system when com-
aring an expert diagnosis in an image based study.7 Finally,
he data from these studies is from an older version of the
urrently available system.

Although the literature on the development and testing of
utomated diagnostic instruments is extensive, the most ex-
iting question is to assess the proper employment of these
nstruments in the real world. A crucial issue is the instru-

ent must be tested against human performance to assess the
mpact of the diagnostic device in the clinical arena. This will
llow assessment of the nonmelanoma set (specificity) which
ay vary dramatically as the level of clinical atypia of these

enign lesions varies from study to study. As well, assessment

f an instruments ability to detect clinically difficult mela-
oma is perhaps best understood when comparing perfor-
ance against humans. Furthermore, studies including le-

ions not preselected for excision with follow up to ensure
he true benign diagnosis would allow better assessment of
he impact in the field.
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