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ABSTRACT Background: The preoperative prediction of whether melanomas are invasive or in situ can influence
initial management.

Objectives: This study evaluated the accuracy rate, interobserver concordance, sensitivity and spec-
ificity in determining if a melanoma is invasive or in situ, as well as the ability to predict invasive
melanoma thickness based on clinical and dermoscopic images.

Methods: In this retrospective, single-center investigation, 7 dermatologists independently reviewed
clinical and dermoscopic images of melanomas to predict if they were invasive or in situ and, if inva-
sive, their Breslow thickness. Fleiss’ and Cohen’s kappa (k) were used for interobserver concordance
and agreement with histopathological diagnosis.

Results: We included 184 melanomas (110 invasive and 74 in situ). Diagnostic accuracy ranged from
67.4% to 76.1%. Accuracy rates for in situ and invasive melanomas were 57.5% (95% confidence
interval [CI], 53.1%-61.8%) and 81.7% (95% CI, 78.8%-84.4%), respectively. Interobserver con-
cordance was moderate (k = 0.47; 95% CI, 0.44-0.51). Sensitivity for predicting invasiveness ranged
from 63.6% to 91.8% for 7 observers, while specificity was 32.4%-82.4%. For all correctly predicted
invasive melanomas, agreement between predictions and correct thickness over or under 1.0 mm was
moderate (k = 0.525 95% CI, 0.45-0.58). All invasive melanomas incorrectly predicted by any observer
as in situ had a thickness <1.0 mm. All 32 melanomas >1.0 mm were correctly predicted to be invasive
by all observers.
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Conclusions: Accuracy rates for predicting thick melanomas were excellent, melanomas inaccurately

predicted as in situ were all thin, and interobserver concordance for predicting in situ or invasive mela-

nomas was moderate. Preoperative dermoscopy of suspected melanomas is recommended for choosing

appropriate surgical margins.

Introduction

The clinical diagnosis of melanoma is most often straightfor-
ward, as suggested by the fact that the majority are detected
by the patient and not the dermatologist [1]. Nonetheless,
predicting preoperatively whether a melanoma is in situ or
invasive is often challenging, since dermoscopic features for
in situ melanomas are similar to those of thin invasive mel-
anomas [2,3]. Such a preoperative prediction is important
since it helps select optimal clinical surgical margins for the
diagnostic excision. International guidelines recommend a
1- to 3-mm margin when invasive melanoma is suspected,
to facilitate an expected subsequent wide local excision and,
potentially, a sentinel lymph node biopsy [4,5]. However, if in
situ melanoma is the primary clinical suspicion, the lesion may
be excised directly with the recommended 5-mm surgical mar-
gin [6], conveniently avoiding an unnecessary second surgical
procedure. For well-demarcated lesions not located in chronic
sun-damaged skin, this pragmatic approach to optimizing the
choice of surgical margins during the diagnostic excision is
nowadays common practice in many Swedish centers.

In a recent investigation, Lallas et al [3] analyzed dermo-
scopic features of 1,285 lesions including 325 in situ melano-
mas and 102 invasive melanomas with a Breslow thickness
<0.75 mm. In multivariable analyses including in situ melano-
mas, nevi, seborrheic keratosis, basal cell carcinoma, Bowens
disease and Reed nevi the study identified atypical network,
regression, irregular hyperpigmented areas, prominent skin
markings and angulated lines as positive dermoscopic mark-
ers for in situ melanomas. When findings for invasive and in
situ melanomas were compared, a multicomponent global
pattern and blue-white veil were indicative of invasive mela-
nomas, whereas extensive regression was the only indicator
of in situ melanoma [3]. In an earlier study, Silva et al [7]
concluded that thin melanomas (Breslow thickness <1.0 mm)
tend to have asymmetry in 2 axes, 3 colors, atypical dots or
globules, atypical network or streaks, while in situ melanomas
tend to have <2 colors. Blue-white veil and milky red areas
were both associated with invasive disease [7]. While the
abovementioned results are important in a research setting,
their usefulness in a real-life clinical setting is more uncertain.

The primary objective of this investigation was to explore
dermatologists’ accuracy in discriminating in situ melanomas

from invasive melanomas.

Methods

We performed a retrospective, single-center investigation,
including primary melanomas with available clinical and
dermoscopic images obtained from our department. The
study was approved by the regional ethics review board in
Gothenburg (approval number, D283-18). All dermoscopic
images included in the study (Supplementary File) had been
acquired using a polarized light setting. Melanomas that
were previously biopsied or with images of suboptimal
quality were excluded. All tumors were histopathologically
confirmed by the hospital’s dermatopathology team. To avoid
recall bias by the observers, the study only included cases
that were diagnosed during 2016 (ie, >3 years prior to study
initiation). The images were independently reviewed by 2 res-
idents and 5 board-certified dermatologists. All observers had
received training in dermoscopy (ie, had attended at least one
dermoscopy course) apart from their daily use of dermoscopy

in routine clinical practice.

Setting

The dermatologists’ primary objective was to determine
whether melanomas were invasive or in situ. If considered
invasive, they estimated the Breslow thickness by selecting
one of the following intervals: 0-1.0; 1.01-2.0; 2.01-4.0

and >4.0 mm.

Outcomes

The primary outcome measure was the accuracy rate in
predicting in situ vs invasive melanoma, compared to the
pathology report. The secondary outcomes were: (i) accuracy
rate of the majority response (ie, decision of >4 observers),
(ii) interobserver concordance, (iii) sensitivity and specificity
with respect to invasive melanoma, and (iv) ability to classify

invasive melanoma thickness greater or less than 1.0 mm.

Statistical Analysis

All data were analyzed using R version 3.5.3 (https://
www.r-project.org/). To measure interobserver concordance
between the 7 observers and agreement compared to the
pathology report, Fleiss’ and Cohen’s kappa (k) were used
[8,9]. The interobserver agreement was interpreted as poor
(<0), slight (>0 to 0.20), fair (>0.2 to 0.4), moderate (>0.4 to
0.6), substantial (>0.6 to 0.8) or almost perfect (>0.8).
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Results

Overall, 184 melanomas (110 invasive and 74 in situ melano-
mas) from 177 patients were included. The patients’ median
age was 67 years (interquartile range, 57-77 years) and 83
(47%) were female. Melanomas located on the trunk as well
as the upper and lower extremities constituted 88% of all
lesions (n = 162).

Overall diagnostic accuracy rates for all observers are
presented in Table 1. The individual accuracy rates (ie, pro-
portion of predictions that agreed with the pathology report)
ranged from 67.4% to 76.1%.

When the majority decision for each lesion was consid-
ered separately, the accuracy rate was 75.0%. Among the 7
dermatologists, the interobserver concordance was moderate
[k = 0.47, 95% confidence interval (CI), 0.44-0.51]. For 69
and 17 lesions, there was complete consensus among the
observers that the lesions were invasive and in situ, respec-
tively. For the invasive melanomas, the consensus response
was true for 63 cases (91.3%). The corresponding number
among in situ melanomas was 13 (76.5%). Four melanomas
were incorrectly predicted by all observers as in situ, but all
had a Breslow thickness <0.5 mm (Figure 1). Furthermore, all
invasive melanomas that were predicted by any observer as in
situ melanomas were <1.0 mm thick. The thickest melanoma
classified as in situ by any observer had a Breslow thickness
of 0.9 mm. None of the lesions erroneously classified as in
situ by any observer was ulcerated. Conversely, all melanomas
>1.0 mm in thickness (n = 32) were correctly classified as
invasive melanomas by all observers.

The sensitivity for predicting invasive melanoma ranged
from 63.6% to 91.8% for the 7 observers (Figure 2). The
specificity ranged from 32.4% to 82.4% for the 7 observers.

The Breslow thickness predictions were further analyzed
for all invasive melanomas that were correctly classified (629
of 770 predictions, 81.7%). For these assessments, the agree-

ment (k) between the observers and the pathology report for

a Breslow thickness over or under 1.0 mm was 0.52 (95% CI,
0.45-0.58). For the invasive melanomas where all observers
agreed on the correct diagnosis (n = 63), the interobserver
concordance for predicting a Breslow thickness over or under
1.0 mm was also moderate (x = 0.54; 95% CI, 0.49-0.59).

Discussion

We report an accuracy rate ranging from 67.4% to 76.1%
for predicting whether a melanoma was invasive or in situ
based on clinical and dermoscopic images. For invasive
lesions specifically, concordance for classification of Breslow
thickness over or under 1.0 mm was moderate compared to
the pathology report. On the other hand, invasive melanomas
>1.0 mm in thickness were all correctly classified as invasive
by all observers; all invasive melanomas predicted incorrectly
as in situ had a Breslow thickness <0.9 mm, and none of these
erroneously classified lesions were ulcerated. It is important
and reassuring that all melanomas predicted to be in situ
were histopathologically confirmed as either in situ or thin
melanomas with a good prognosis.

A strength of this investigation is that we included more
observers and melanomas than previous investigations per-
formed in similar settings [10-12]. While other investigations
primarily focused on describing specific dermoscopic findings
in invasive and in situ melanomas, our aim was to assess their
usefulness in making precise diagnostic predictions. More-
over, the dermoscopic images evaluated in this study are all
shared in an online resource (Supplementary File), which is
exceedingly rare. Polarized light setting was used for all cases
in this study, but different dermatoscopes and camera setups
were used when acquiring the images. Specific meta-data,
including age, skin type and relevant medical history were
intentionally omitted, as the primary aim was to address the
diagnostic accuracy based on images themselves. Inclusion of
these details could potentially have improved the accuracy
rates [12].

Table 1. Diagnostic Accuracy, by Lesion Characteristic!

Characteristic ‘

Lesions, n (%) ‘

Accuracy, % (95% Cl)

In situ melanoma 74 (40) 57.5 (53.1-61.8)
Invasive melanoma 110 (60) 81.7 (78.8-84.4)
Breslow thickness? (mm)

<0.50 38 (21) 60.2 (54.0-66.1)
0.51-0.80 27 (15) 84.1 (78.1-89.0)
0.81-1.00 13 (7) 94.5 (87.6-98.2)
1.01-2.00 18 (10) 100 (97.1-100)
2.01 - 4.00 9(5) 100 (94.3-100)
>4.00 S (3) 100 (90.0-100)

CI = confidence interval.

'Values are aggregated responses for all 7 observers. 2 For 110 invasive melanomas.
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Figure 1. Dermoscopic images of the 4 invasive melanomas that were predicted as in situ by all observers. All 4 lesions had a Breslow

thickness <0.5 mm. Lesions (a) and (b) were located on the upper extremities, and lesions (c) and (d) were located on the scalp and arm,

respectively.
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Figure 2. Sensitivity and specificity for the classification of invasive mela-
nomas, for 7 dermatologists and for the majority decision (ie, decision of
>4 observers).
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For the diagnosis of primary melanomas, dermoscopic
evaluation outperforms evaluation with the naked eye [13].
Nevertheless, the technique is more accurate when interpreted
with the patient present, rather than analyzing dermoscopy
images alone [14,15]. We also acknowledge the artificial
setup in this investigation. Making predictions such as these
in real-life may have given different results. Although the
observers were not blinded to the fact that all lesions were
either invasive or in situ melanomas, the study setting mim-
icked the very common scenario faced by physicians once
a decision has been made to excise a melanocytic lesion in
order to rule out melanoma. It is also important to underline
that this investigation only included observers affiliated with
a single academic center. As such, the evaluations could be
expected to be more uniform since the same reference for
learning has often been applied. Lastly, the experience of the
dermoscopist carrying out this type of evaluation is crucial,
and the validity of our findings should be further assessed in
multicenter studies at an international level.

The incidence of melanoma has been rising drastically in
Europe during the past decades, and this incidence increase
has especially been driven by more cases of thin invasive mel-
anoma and in situ melanoma [16]. In fact, nowadays, more
than half of all melanomas in Sweden are diagnosed in their in
situ growth phase [17]. Rises in melanoma incidence and our
quest to diagnose melanomas as early as possible will inevita-
bly result in large numbers of excisions worldwide. Although
experts in dermoscopy excise substantially fewer suspicious
skin lesions to find a single melanoma, a recent meta-analysis
including 29 studies and almost 400,000 excisions showed
that the overall number of pigmented lesions that need to be
excised to find a melanoma is 9.7 [18]. With increased knowl-
edge about the early diagnosis of melanoma, we have to find
pragmatic solutions to minimize the number of unnecessary
excisions of benign lesions. Furthermore, studies have shown
that 2-mm surgical margins, as internationally recommended
for lesions suspected to be melanoma, result in incomplete
excision rates of up to 24% [19,20].

It therefore seems reasonable to use a slightly larger
surgical margin when in situ melanoma is suspected, to
minimize the risk of incomplete diagnostic excisions, while
also reducing the number of unnecessary wide local excisions
afterwards. We therefore suggest that a 5-mm surgical margin
is used when experienced dermoscopy users have a strong
preoperative suspicion of in situ melanoma and no suspicion
of invasiveness. We understand that this suggestion might
be controversial for some, since this could lead to a slightly
larger scar than necessary in cases when the excised lesion
turned out to be a nevus. However, for atypical melanocytic
lesions on surgically less-challenging body parts with a high
dermoscopic suspicion of in situ melanoma, this treatment

strategy could potentially lower the incomplete excision rates,
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minimize the number of unnecessary subsequent wide local
excisions, lessen the morbidity for the patient and increase
cost-effectiveness. Moreover, it would not limit the ability of
performing a wide local excision with a 1-cm margin in the
eventual case of a thin invasive melanoma (<1 mm Breslow
thickness) being confirmed, nor are there any studies showing
that a 5-mm margin would affect the possibility of perform-
ing a sentinel lymph node biopsy in the rare case of a thicker
invasive melanoma being confirmed.

Although dermoscopy cannot perfectly predict if a mela-
noma is invasive or in situ, preoperative dermoscopic assess-
ment of suspected melanomas should be recommended to

choose the most appropriate surgical margins.

Supplementary Materials

The dermoscopic images evaluated in this study are available
at: https://doi.org/10.6084/m9.figshare.12250028.
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