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Clinical and Dermatoscopic Diagnosis of Malignant Melanoma
Assessed by Expert and Non-expert Groups
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We investigated the nosographic and diagnostic probabilities
and likelihood ratios of dermatoscopy in order to evaluate the
method's role in decision-making regarding melanoma. Clinical
slides and dermatoscopic photos were obtained from 232
patients referred for dermatoscopy. Four dermatoscopy
``experts'' and 5 ``non-experts'' assessed the slides. Diagnoses
were compared with histopathology. Sensitivity of the clinical
assessments was 0.78 vs. 0.69 (``experts'' vs. ``non-experts''),
sensitivity of dermatoscopy assessment was 0.83 vs. 0.69
(p~0.04). The expert group demonstrated increased speci®city
(from 0.89 to 0.94) when applying dermatoscopy compared
with clinical assessment alone (p~0.03). Positive likelihood
ratios were doubled in the ``expert group'' and the negative
likelihood ratios improved 25% with dermatoscopy compared
with clinical assessment. Key words: malignant melanoma;
dermatoscopy; epiluminiscence microscopy; likelihood ratio;
decision-making.
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The increased incidence of cutaneous malignant melanoma
(CMM) has been termed a ``melanoma epidemic'' (1). The
morbidity from CMM has not been accompanied by a
corresponding increment in mortality, which is probably due
to extended awareness in the general public and amongst
physicians. Early excision is pivotal to the cure of this
otherwise eventually fatal disease. For this reason early
detection is an important key-point. This may be facilitated
by dermatoscopy or epiluminiscence microscopy. A dermatoscope is a hand-held skin-surface microscope providing
approximately 106 magni®cation for in vivo examination
of pigmented skin lesions. With the application of immersion
oil the corneal layer of the epidermis becomes translucent,
making the different layers of the epidermis and the upper
dermis visible. The colours and structures seen with the
dermatoscope have been described extensively and associated
with histological ®ndings (2 ± 7).
The purpose of the present study was to investigate the
diagnostic validity of dermatoscopy applied to an unselected
material of pigmented skin elements or elements suspect of
CMM observed in patients referred to the outpatients' clinic.

MATERIALS AND METHODS
Between 1994 and 1997 clinical photographs and dermatophotograhs
(Heine Dermaphot, Heine Optotechnik) of pigmented skin lesions
were obtained from 242 patients. All lesions were surgically removed
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and histopathologically diagnosed. For this study, 10 cases were
considered un®t for evaluation, leaving a total of 232 cases.
Four dermatologists with 4 ± 5 years' daily experience with
dermatoscopy (designated the ``expert group'') and ®ve residents
with 1 ± 2 years' interest and formal training in dermatoscopy
(designated the ``non-expert group'') participated in the study.
Clinical photographs showing the lesion at distance and close-up
and 1 ± 5 dermatoscopic photographic slides (depending on the size of
the lesion) were projected to a screen in a darkened room. Each
observer ®rst recorded the clinical diagnosis and then the dermatoscopic diagnosis on an entry form. The observers were not allowed to
discuss or modify their clinical assessments after the presentation of
the dermatophotos. The observers were familiar with both the
ABCD-rule of dermatoscopy proposed by Stolz et al. (6) and Kenet
et al.'s risk stratifying algorithm of pigment network features of
dermatoscopy (8). The observers were not constrained by either of the
rules. The ABCD scores were not used to obtain the diagnoses.
Rather a pattern recognition process was intended.
Each case was presented for approximately 2 min, which all
observers regarded as suf®cient time. The performance of assessment
was divided into 3 sessions of 3 h each.
The biopsy specimens, which were obtained after the clinical and
dermatoscopic photographs had been performed, were stained
routinely with haematoxylin-eosin and immunostained with HMB45 and S-100 (DAKO, Denmark) in the case of suspicion of
melanoma. One of us (VS) re-evaluated all cases to con®rm the
pathology diagnosis, which was used as the gold standard in this
study.
Statistics
For each observer the diagnoses ``CMM'' and ``other than CMM''
were listed in a 262 table against the corresponding histopathology
diagnoses. A case was termed true positive (TP) if the clinical or
dermatoscopic diagnosis and the histopathology diagnosis was
melanoma. True negative cases (TN) were cases where the clinical
or dermatoscopic as well as the histopathology diagnoses were ``other
than melanoma''. False negative cases (FN) were those with a clinical
diagnosis ``other than melanoma'' and histopathology showing
melanoma (i.e. missed melanomas). False positives (FP) were cases
with a clinical or dermatoscopic diagnoses of ``melanoma'' and
histopathology demonstrating ``other than melanoma''.
Sensitivity is the fraction of the histopathologically proven CMM,
which was correctly diagnosed by clinical inspection or dermatoscopy,
respectively. Sensitivity was calculated as TP/(TPzFN).
Speci®city is the fraction of patients not suffering from CMM,
which could be ruled out by clinical assessment or dermatoscopy.
Speci®city was calculated as TN/(TNzFP).
The predictive value of a positive test result, PVPOS , is the fraction
of the clinical or dermatoscopic melanoma suspicious cases veri®ed by
histopathology. PVPOS was calculated as TP/(TPzFP).
The predictive value of a negative test result, PVNEG , was the
fraction of cases where the clinical or dermatoscopic assessment was
``other than CMM'', which also had melanoma ruled out by
histopathology. PVNEG was calculated as TN/(TNzFN).
The positive likelihood ratio (LRz) is the probability that a patient
with a disease (e.g. CMM) has a positive test outcome (e.g. CMM
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diagnosed by dermatoscopy) divided by the probability that a patient
without the disease has a positive test outcome.
The negative likelihood ratio (LR}) is the probability that a
patient with a disease has a negative test outcome (e.g. CMM ruled
out by dermatoscopy) divided by the probability that a patient
without the disease has a negative test outcome. Hence, a diagnostic
test should have a LRz greater than 1 (the higher the better) and a
LR} less than 1 (the lower the better). The likelihood ratios express
the ability of a test to separate a diseased from a non-diseased
population and may be used in medical decision-making. To use a test
rationally, the test outcome should have a potential of altering the
diagnostician's attitude as to whether a patient suffers from a given
disease, rather than merely con®rming an already established
diagnosis. Simel et al. (9) described the relationship: Odds of disease
after the test has been performed equals the pretest odds multiplied by
the likelihood ratio.
Positive likelihood ratio, LRz, is calculated as sensitivity/
(1 ± speci®city) and negative likelihood ratio, LR}, is calculated as
(1 ± sensitivity)/speci®city
The 95% con®dence interval for LRz (8)~

q
exp lnsensitivity = 1-specificity  1:96 ? 1-specificity =TP specificity =FP
And the 95% con®dence interval for LR} (8)~

q
exp ln 1-sensitivity =specificity  1:96 ? sensitivity =FN 1-specificity =FP
For comparison of the diagnostic performances between the ``expert''
and ``non-expert'' group a ``naive pooling'' of data from each group
was performed and McNemar's chi-square test was used for
comparisons of sensitivity and speci®city and the chi-square test for
proportions from independent samples was used for comparing
predictive values.
For comparison of likelihood ratios in the expert and the nonexpert groups we used the Mann-Whitney U test. pv0.05 was
considered signi®cant.

RESULTS
There were 49 melanomas (21%) as diagnosed by histopathology. Fifty percent were pigmented naevi, 7% were basal-cell
carcinomas, 7% were blue naevi, 5% were seborrhoic
keratoses and 2% were atypical naevi. The remaining 8%
were Spitz naevi, Bowen's disease, sarcoid, nevus spilus,
hemangioma, and others.
The dermatoscopy experts assessed almost all cases (98 ±
100%), whereas the non-expert group completed fewer
assessments, from 76 to 98%.
The ``expert'' group achieved a higher sensitivity (0.82)
using the dermatoscope compared with their clinical assessment (0.77) p~0.03 (Table I). The ``non-expert'' group did
not improve sensitivity with dermatoscopy. There was a
decrease from 0.62 with clinical assessment to 0.58 with
dermatoscopy (p~0.18). In their dermatoscopy assessments,
the ``expert'' group achieved 24.6% higher sensitivity than the
``non-experts'' (pv0.0001) and for the clinical assessments,
sensitivity was 15.6% higher in the ``expert'' group than in the
``non-expert'' group (pv0.001).
The ``expert'' and the ``non-expert'' group increased
speci®city by dermatoscopy (Table I).
The positive predictive value (Table I) was increased from
0.66 to 0.78 in the expert group with dermatoscopy
(p~0.008). It was not increased in the ``non-expert'' group
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Table I. Nosographic and diagnostic probabilities

Sensitivity
Speci®city
PVz
PV}

``Experts'' (n~4)

``Non-experts'' (n~5)

Clinical

Dermatoscopic

Clinical

Dermatoscopic

0.77
0.89
0.66
0.94

0.82*
0.94*
0.78**
0.95 n.s.

0.62
0.88
0.60
0.90

0.58 n.s.
0.92*
0.64 n.s.
0.89 n.s.

PVz predictive value of a positive test result.
PV} predictive value of a negative test result.
* Signi®cant at pv0.05.
** Signi®cant at pv0.01.
n.s. Non-signi®cant.

(p~0.40). In clinical assessment there was no difference in the
positive predictive value between the ``expert'' and the ``nonexpert'' group (p~0.10). The difference between the two
groups became signi®cant when the performance of dermatoscopy was compared (p~0.0041).
Negative predictive values were not increased by dermatoscopy (Table I).
When data from ``experts'' and ``non-experts'' were pooled,
a signi®cant increase in positive likelihood ratio was observed
when dermatoscopy was performed compared with clinical
assessment alone (p~0.01). Due to the small number of
observers in each group the difference within each group was
not statistically signi®cant (pv0.20). In the ``expert'' group
each observer doubled his positive likelihood ratio (Table II).
In the ``non-expert'' group the increase in positive likelihood
ratio was less pronounced. In the ``expert'' group there was a
25% fall in negative likelihood ratio when dermatoscopy was
performed compared with clinical assessment. No improvement was observed in the non-expert group.
Pooling the assessments from all observers, the sensitivity
for the following non-CMM lesions was: basal cell carcinoma
0.62 (experts 0.66, non-experts 0.59); naevus pigmentosus 0.74
(experts 0.76, non-experts 0.72); blue naevi 0.86 (experts 0.87,
non-experts 0.83); and seborrhoeic keratoses 0.39 (experts
0.40, non-experts 0.28). Speci®city was: basal cell carcinoma
0.98; naevus pigmentosus 0.84; blue naevi 0.98; and seborrhoeic keratoses 0.97.
DISCUSSION
The results are in agreement with previous reports on the
effect of dermatoscopy on the sensitivity and speci®city
(Table III). The differences in the nosographic probabilities
between the various studies may be caused by differences in
the experience with dermatoscopy of the observers, differences
in studied cases, differences in study design and differences in
the frequency of CMM.
Stolz et al. (10) reported an almost perfect sensitivity of
98%. Their study included only smaller CMM and 93% of the
cases were super®cial spreading melanomas or melanomas in
situ. Pigmented skin lesions other than CMM consisted of
melanocytic naevi (junction, compound or dermal). The
features in the ABCD-rule proposed by Stolz et al. (6, 10)
are especially selected for diagnosing super®cial spreading
melanomas, where pigment network abnormalities prevail,
whereas thick CMM are often associated with gray-blue areas
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Table II. Positive (LRz) and negative (LR})likelihood ratios. In brackets: 95% con®dence intervals. The con®dence intervals
are not symmetric but rather logarithmically distributed
Observer

``Experts''
I
II
III
IV
``Non-experts''
1
2
3
4
5

LRz

LR}

Clinical assessment

Dermatoscopic
assessment

Clinical assessment

Dermatoscopic
assessment

7.1
(4.8,
7.8
(4.9,
5.9
(4.0,
9.0
(5.5,

16.4
(8.9,
24.6
(11.1,
6.6
(4.4,
18.0
(9.0,

0.23
(0.09,
0.25
(0.15,
0.26
(0.15,
0.23
(0.14,

0.09
(0.04,
0.19
(0.11,
0.23
(0.14,
0.22
(0.13,

6.8
(3.9,
13.0
(6.4,
4.5
(3.0,
4.8
(3.0,
8.5
(4.6,

11.0)
12.4)
8.8)
14.7)

10.0
(5.4,
15.9
(7.0,
4.0
(2.8,
6.4
(3.9,
10.4
(5.3,

12.0)
26.4)
6.8)
7.5)
15.9)

and a vascular pattern (11). Atypical naevi, Spitz naevi and
seborrhoeic keratoses are differential diagnoses of CMM to
be considered. In this study the false-negative cases (CMM
erroneously classi®ed as another diagnosis by dermatoscopy)
were misdiagnosed as pigmented naevi/seborrhoeic keratosis
(59%), basal cell carcinoma (22%) or atypical naevi (13%).
Morton & MacKie (12) likewise reported atypical naevi,
seborrhoeic keratoses and basal cell carcinomas as frequent
erroneous clinical diagnoses of CMM.
Nachbar et al. (13) performed a prospective study using the
dermatoscopic ABCD rule to distinguish melanocytic naevi
from CMM and reported a sensitivity of 0.91, which was
somewhat higher than the sensitivity obtained by the experts
in the present study, the difference, however, was not
signi®cant (p~0.17).
Nilles et al. (2) excluded non-melanocytic lesions from their
study. A score based on the presence and the extent of 8
dermatoscopic elements was used to separate benign melaTable III. Review of studies performed on sensitivity and speci®city of the melanoma diagnosis by dermatoscopy
Sensitivity Speci®city n total n CMM
Stolz et al. (10)
Soyer et al. (16)
Nachbar et al. (13)
Nilles et al. (2)
Christofolini et al. (15)
Binder et al. (14)
Experts
Non-experts
This study
``Experts''
``Non-experts''

0.98
0.94
0.93
0.90
0.87

0.90
0.82
0.91
0.85
0.79

159
194
260
187

65
69
72
33

0.68
0.44

0.91
0.85

±

±

0.83
0.69

0.94
0.90

232
±

49
±

30.1)
54.7)
10.1)
36.1)
18.4)
36.1)
4.7)
10.6)
20.6)

0.51
(0.38,
0.30
(0.17,
0.19
(0.09,
0.42
(0.28,
0.45
(0.32,

0.41)
0.42)
0.44)
0.41)
0.69)
0.52)
0.41)
0.63)
0.64)

0.41
(0.29,
0.36
(0.22,
0.17
(0.07,
0.38
(0.25,
0.45
(0.32,

0.23)
0.34)
0.41)
0.37)
0.59)
0.58)
0.39)
0.58)
0.63)

nocytic lesions from CMM. Binder et al. (14), Christofolini
et al. (15) as in the present study, did not select the referred
cases before dermatoscopy. This seems more similar to daily
clinical work. The lower sensitivity of dermatoscopy reported
by Binder et al. (14) could be due to differences in study
design. In contrast to their study, we included macroscopic
clinical photographs taken at a distance as well as close-up.
The macroscopic clinical slides may have indicated risk
factors such as age, gender, and location of the element, skin
type and presence of moles or ephelides. The non-melanoma
cases in the study by Soyer et al. (16) encompassed
melanocytic naevi, basal cell carcinomas, seborrhoic keratoses
and others. The observers in their study were experts and the
dermatoscopic (106 magni®cation) or epiluminiscence microscopy (6 ± 406 magni®cation) were performed directly on the
patient rather than using the photo-documentation afterwards. It is not clear whether the observers were blinded to
the patients' history as the observers were in our study or if
obtaining the medical record was part of the clinical/
dermatoscopic examination. Soyer et al. (16) reported a
higher sensitivity and a lower speci®city than we found. In
addition to differences in presented patient cases, this points
to a lower threshold for diagnosing melanomas in the study
by Soyer et al.
With the accessibility of relatively inexpensive and easy-tohandle dermatoscopes, dermatoscopy has moved from an
experimental phase to use in daily clinical practice. Outside an
experimental setting, skin lesions which are not considered
suspicious of malignancy, may not be excised and therefore
may not proceed to the golden standard examination:
histopathology. For this reason the predictive value of a
method is of importance to the clinician. We found high
positive predictive values and negative predictive values for
experts performing dermatoscopy. In contrast to sensitivity
and speci®city, the predictive values are dependent on the
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disease prevalence. Therefore the predictive values cannot be
extrapolated to large-scale screening or case ®nding programs.
The high negative predictive values in this study indicate that
the risk of misclassifying a CMM as a benign skin element
was low. According to Bayes theorem the negative predictive
value will increase, whereas the positive predictive value will
decrease when a population with a lower prevalence of CMM
is investigated. For this reason fewer false negatives (missed
melanomas) and more false positives (unnecessary surgery)
would be the consequence of applying dermatoscopy to a
screening or case ®nding setting. For example, in a population
sample with a melanoma prevalence of approximately 1%,
PVz would be 12.26% and PV}~99.82%.
We intended to simulate an every-day clinical situation, but
we did not present patient histories. Patient history is known
to improve interobserver homogeneity from poor to substantial agreement on recognition of skin malignancy (17).
Higgins et al. (18) investigated a 7-point checklist including
the clinical ABCD rule, that directs patients' and physicians'
attention to possible CMM. They found that 70% of benign
pigmented skin lesions were erroneously regarded as suspect
of melanoma (false positives), whereas 58% of atypical naevi
were not considered suspect according to the 7-point rule.
From this data, it may be calculated that the odds that a
benign pigmented skin lesion was judged to be suspicious was
2.3 to 1, i.e. in favour of excision. If one of these patients had
dermatoscopy performed by an ``expert'' and the outcome of
the examination was ``not CMM'' the odds of CMM shifted
to (negative likelihood ratio times prior odds) 0.42 to 1, i.e. in
favour of an expecting attitude. This example demonstrates
that dermatoscopy may in¯uence the clinical decision-making.
The positive likelihood ratio was doubled when an ``expert''
performed dermatoscopy, whereas no bene®t was demonstrated for ``non-experts''. It has previously been shown that
``non-experts'' exhibit a decline in sensitivity using dermatoscopy, whereas experts gain from using it (14). A brief
training session of 9 h resulted in an improvement in nonexpert dermatoscopy performance (19). We found a similar
tendency supporting the view that formal training is
indispensable for correct usage of dermatoscopy.
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