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a b s t r a c t

Background and objective: In vivo reflectance confocal microscopy (RCM) is a promising
novel technology for non-invasive early diagnostics of cutaneous melanoma. However,
the possibility to detect melanocytic atypia in nevi by means of in vivo RCM remains
unknown. The aim of the study was to evaluate the significance of in vivo RCM features
of melanocytic atypia for the diagnosis of melanocytic nevi, dysplastic nevi and
cutaneous melanoma.
Materials and methods: A total of 138 melanocytic skin lesions comprising 25 melanocytic
nevi, 69 dysplastic nevi and 44 melanomas were analyzed by means of dermoscopy,
in vivo RCM and routine histopathology. In vivo RCM images were analyzed for the
arrangement of keratinocytes in epidermis, pagetoid cells and junctional melanocytic
nests and correlated refractivity aspects of nests with histopathology.
Results: Separately and all together taken the in vivo RCM features of melanocytic
atypia were significant in differential diagnosis of benign and malignant melanocytic skin
lesions, though none of the features was significant in discriminating nevi without
cytologic atypia of dysplastic nevi. In vivo RCM feature of dense cell clusters corresponded
with melanin containing nevomelanocytes on histopathology though exact correspon-
dence of non-homogeneous and atypical sparse cell clusters remained questionable.
Conclusions: Nevus with histopathologically confirmed nevomelanocytic atypia (dys-
plastic nevus) could not be distinguished from nevus without atypia using analyzed
in vivo RCM features of melanocytic atypia. More accurate diagnostics by means of
in vivo RCM needs further investigation on reflectance of single and nested cutaneous
melanocytes in benign and malignant skin lesions.
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1. Introduction

Diagnostics of cutaneous melanocytic lesions is orientated
toward the detection of melanoma at the earliest possible
stage. Nevi, especially dysplastic ones, are critical not only as
simulants, but also as possible precursors to melanoma [1–3].
The possibility to monitor morphological changes of melano-
cytic atypia/dysplasia in nevi would provide insight into their
true nature and importance in melanomagenesis. Detection of
dysplasia in nevi by means of non-invasive diagnostics is
challenging: nevi with dermoscopic features of atypia do not
always show atypia on histopathological examination; con-
versely, nevi with severe dysplasia are difficult to distinguish
from malignant melanoma.

Recent innovations in optical skin imaging technologies
provide additional information, and together with dermo-
scopy, help make more accurate clinical diagnosis of mela-
nocytic lesions. In vivo reflectance confocal microscopy (RCM)
represents a new imaging technique, which offers the
possibility to examine non-invasively superficial (to 250 mm
depth) layers of the skin at a cellular resolution [4]. In vivo RCM
improves diagnostic accuracy of melanocytic skin tumors [5,6].

The main endogenous contrast agents on RCM are melanin
and keratin. Melanin containing cells appear bright on RCM
imaging. Melanocyte as a melanin-producing cell is expected
to be bright on confocal images [7].

Melanosomes/melanin in nested melanocytes provide
contrast, making them easily recognizable by in vivo RCM.
Junctional cell clusters are one of the key features in
distinguishing between nevi and melanomas by in vivo RCM
[8]. Cytologic atypia of nested melanocytes (nevomelanocytes)
presented as nuclear enlargement, irregularity, hyperchroma-
sia and prominent nucleoli in histopathology cannot be
evaluated by in vivo RCM.

According to cytomorphological features of increasing
atypia of (nevo)melanocytes, all cutaneous melanocytic
lesions histopathologically are sorted in melanocytic nevi,
dysplastic nevi and malignant melanomas [9,10].

The aim of the study was to evaluate the significance of
in vivo reflectance confocal microscopy (RCM) features of
melanocytic atypia for the diagnosis of melanocytic nevi,
dysplastic nevi and cutaneous melanoma. We were not able to
find any data in the literature on differential diagnosis of
dysplastic nevi by in vivo RCM criteria of melanocytic atypia.
So, this may be the first study in the diagnostic of dysplastic
nevi by in vivo RCM. A comparison of in vivo RCM features of
melanocytic atypia with changes of (nevo)melanocytes on the
histopathological investigation in dysplastic nevi are pre-
sented on pictures, discussed below and the significance of
in vivo RCM features was evaluated by methods of statistical
analysis.

2. Materials and methods

2.1. Patients

The participants were patients of the Outpatient Clinic of the
National Cancer Institute (Lithuania). The study was approved
by the local ethics committee (protocol number ADT-01) and
performed in accordance with the Declaration of Helsinki.
Overall 138 patients (90 women, 48 men, standard deviation
16, median age of 42 years, range 18–78 years of age) were
recruited over a period of 2 years (November 2010–March 2013).
All lesions were excised for histopathological examination.
The study was conducted on 138 melanocytic lesions
comprising 44 melanomas (median Breslow thickness of
1.35 mm: min – 0 mm (in situ; 9 cases) and max – 9 mm)), 69
dysplastic nevi and 25 melanocytic nevi.

2.2. Instruments and image acquisition procedures

In vivo RCM. Before biopsy, dermoscopic and in vivo RCM
features of the study lesions were documented using a
commercially available, near-infrared reflectance confocal
microscope (Vivascope 1500; Lucid Inc., Rochester, NY, USA).
The confocal microscope Vivascope 1500 uses a diode laser at
830 nm wavelength and a power of less than 20 mW at tissue
level. This provides a lateral resolution of 0.5–1.0 mm, axial
resolution of 3.0–5.0 mm (section thickness) and imaging depth
from corneal layer to the superficial dermis (up to the 200–
250 mm) in vivo. Instrument and acquisition procedures are
described elsewhere [4]. The skin contact device consists of a
metal tissue ring with a coverglass window, which is attached
to the skin surrounding the lesion. Dermoscopic images were
recorded by a digital camera (Vivacam; Lucid Inc.) connected to
the RCM computer by USB cable. After acquiring the dermo-
scopic image, a 30� objective lens of numerical aperture 0.9
was attached to the tissue ring with a diameter of 1 cm. The
in vivo RCM acquires horizontal tissue images at a
500 � 500 mm field of view with a resolution of 1024 � 1024 pix-
els. An automatic stepper was used to scan up to 8 � 8 mm
field of view in the tissue (depending on the size of the lesion),
producing a square mosaic of up to 256 contiguous individual
images (VivaBlock). Mosaic images were obtained on three
levels: 1st comprises stratum granulosum/stratum spinosum
(20–30 mm depth); 2nd level, dermoepidermal junction (60 mm
depth), and 3rd level, superficial dermis (90 mm depth). In
addition, images were captured with an automatic stepper
obtaining sequentially deeper individual images (VivaStack)
on the areas of interest.

2.3. Image description

In vivo RCM images were described using terms for the RCM
description of melanocytic lesions summarized in a consensus
terminology glossary [11]. Pagetoid cells and epidermal
disarray were analyzed 30 mm below stratum corneum.
Analysis on the cellularity, density and homogeneity of
brightness of junctional cell clusters was performed at the
level of dermoepidermal junction –60 mm and 90 mm below
stratum corneum – on in vivo RCM images. Recognition of the
predominant type of junctional clusters (dense or nonhomo-
geneous) and the presence of irregular discohesive and sparse
cell clusters were the focus of in vivo RCM examination. The
depth limit of 90 mm below stratum corneum was chosen
because analysis of cellular aspects of (nevo)melanocytes is
possible only in the superficial layers of the skin on in vivo RCM
imaging.



Fig. 1 – In vivo RCM image (0.5 mm T 0.5 mm) obtained at the upper dermoepidermal junction level (30 mm depth) and
corresponding histological image (HE staining, 20T). In vivo RCM features: dense junctional thickenings bulge into dermal
papillae (arrows) observed together with architectural disorder. Bar = 50 mm. Histopathological diagnosis: dysplastic nevus
with moderate cytologic atypia.

m e d i c i n a 5 0 ( 2 0 1 4 ) 2 0 9 – 2 1 5 211
2.4. In vivo RCM features

Five criteria correlating with melanocytic and nevomelanocytic
atypia were chosen for statistical analysis, namely: dense
clusters, non-homogeneous clusters, irregular discohesive and
sparse cell clusters, pagetoid cells and epidermal disarray.
Compact aggregates of well-demarcated reflective cells were
described as dense cell thickenings or clusters (Fig. 1 left). The
term ‘‘non-homogeneous junctional thickenings or clusters’’
was employed for describing aggregates composed of cells with
variable brightness/heterogenous reflectivity without clear
cellular outlines (Fig. 2 left). Aggregates were defined as
‘‘irregular discohesive’’ when they showed cellular discohesion
with irregular margins (Fig. 3 left) and ‘‘sparse cell clusters’’ as
Fig. 2 – In vivo RCM image (0.5 mm T 0.5 mm) obtained at the le
corneum) and histological image (HE staining, 20T). In vivo RCM
arrow) and clusters (circled), bridging of nests between rete (right 

Bar = 50 mm. Histopathological diagnosis: dysplastic nevus with
roundish dark (non-reflecting) structures with a well-demarcat-
ed border. Pagetoid cells were large reflective round to oval cells
observed in suprabasal layers. Loss of epidermal cell demarca-
tion and honeycomb pattern was defined as epidermal disarray.

2.5. Histopathologic examination

Histopathologic diagnosis of dysplastic nevus was based on the
presence of architectural disorder, cytologic atypia of (nevo)
melanocytes and features indicative of a host response to the
nevus cells. The following features of cytologic atypia of (nevo)
melanocytes were assessed: nuclear shape, chromatin pattern,
size of nucleoli, mitotic figures, nuclear membrane irregularity
[1]. The abovementioned features were analyzed in melanocytes
vel of dermoepidermal junction (60 mm below stratum
 features: nonhomogeneous junctional thickenings (left
arrow), fibrosis and inflamatory infiltration (four-point star).

 severe cytologic atypia.



Fig. 3 – In vivo RCM image (0.5 mm T 0.5 mm) obtained at the level of deep dermoepidermal junction 50 mm below stratum
corneum and histological image (HE staining, 20T). In vivo RCM features: non-homogeneous junctional thickenings with
irregular discohesive nests (circled). Bar = 50 mm. Histopathological diagnosis: superficially spreading malignant melanoma
of 0.9 mm Breslow thickness.
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and nevomelanocytes within epidermis and dermo-epidermal
junction. Digital images of histological slides were captured
using the Aperio ScanScope XT Slide Scanner (Aperio Technolo-
gies, Vista, CA, USA) under 20� objective magnification (0.5 mm
resolution). On the images of histopathological specimens
cytologic features of melanocytic lesions were analyzed and
correlated to the in vivo RCM observation.

2.6. Statistical analysis

Statistical analysis was performed using SAS 9.3 statistical
software (SAS Institute, Cary NC). Independence was evaluat-
ed by means of x2 test. Logistic regression was used to estimate
prognostic value of various diagnostic features by means of
odds ratio (OR), corresponding confidence intervals (CI), ROC
curves and area under the curve (AUC). The models in the
Table 1 – Sensitivity and specificity of in vivo reflectance confo
nevi.

Nevia

n = 25

Sensitivity, % S

Dense clusters n = 18 

72 

Non-homogeneous clusters n = 4 

16 

Irregular discohesive and sparse
cell clusters

n = 1 

4 

Pagetoid cells n = 6 

24 

Epidermal disarray n = 0 

0 

a Melanocytic nevi without cytologic atypia.
tables are sorted according to likelihood score (x2) statistics. A P
value less than 0.05 was considered statistically significant. In
vivo RCM features were statistically analyzed in different
groups of melanocytic skin lesions based on histopathological
diagnosis (melanocytic nevi vs dysplastic nevi vs melanomas).
Diagnostic significance of five in vivo RCM features –

predominant type of junctional cell clusters – dense or non-
homogeneous, presence of irregular discohesive and sparse
cell clusters, pagetoid cells and loss of normal epidermal
honeycomb pattern were analyzed.

3. Results

Three in vivo RCM features defining nevomelanocytes – dense,
nonhomogeneous and irregular discohesive or sparse cell
cal microscope features for melanocytic nevi and dysplastic

Dysplastic nevi
n = 69

pecificity, % Sensitivity, % Specificity, %

n = 49
54.87 71.01 71.01

n = 16
51.33 23.19 37.68

n = 4

74.34 5.8 62.32
n = 20

49.56 28.99 37.68
n = 6

63.72 8.7 49.28



Table 2 – Sensitivity, specificity and odds ratios of in vivo reflectance confocal microscope features for nevi and melanomas.

Nevia

n = 94
Melanoma

n = 44
OR (95% CI) P value

Sensitivity,
%

Specificity,
%

Sensitivity,
%

Specificity,
%

Epidermal disarray n = 6 n = 35 57.037 (18.896–172.165) <0.0001
6.38 20.45 79.55 93.62

Nonhomogeneous
clusters

n = 20 n = 39 28.857 (10.059–82.787) <0.0001

21.28 11.38 88.64 78.72
Dense clusters n = 67 n = 2 0.019 (0.004–0.085) <0.0001

71.28 95.45 4.55 28.72
Irregular discohesive

and sparse cell
clusters

n = 5 n = 25 23.421 (7.95–68.995) <0.0001

5.32 43.18 56.82 94.68
Pagetoid cells n = 26 n = 37 13.824 (5.478–34.886) <0.0001

27.66 15.91 84.09 72.34

a Melanocytic nevi without cytologic atypia and dysplastic nevi. OR, odds ratio; CI, confidence interval.
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clusters, together with the in vivo RCM feature of ‘‘pagetoid
cells’’ corresponding to presence of single atypical melano-
cytes in the superficial layers of epidermis and one more
feature – ‘‘epidermal disarray’’ characteristic to loss of normal
architecture of epidermis were analyzed in nevi, dysplastic
nevi and melanomas. The absolute frequencies, sensitivity
and specificity together with the odds ratio and 95% confidence
interval values for the significant features are reported in
Tables 1–3.

The values of dense or non-homogeneous cell clusters as
well as other in vivo RCM features were not significant in
logistic regression analysis as discriminating factors for
melanocytic atypia detection in nevi. Sensitivity and specifici-
ty of in vivo RCM features in melanocytic nevi are displayed in
Table 1.

All of them together with epidermal disarray, pagetoid cells
and irregular discohesive and sparse cell clusters were
significant in differentiating nevi and melanoma (Table 2).
Epidermal disarray was the most significant feature in
malignant melanoma diagnostics by means of in vivo RCM
(Tables 2 and 3). The sensitivity of 79.55%, and specificity of
93.62% of RCM epidermal disarray feature showed the best
accuracy for cutaneous melanoma diagnostics. Non-homoge-
neous clusters in pair with epidermal disarray were the most
significant for the diagnosis of melanoma according to
Table 3 – Models of melanoma diagnostis by two in vivo reflec

AUC

Nonhomogeneous clusters and epidermal disarray 0.912

Dense clusters and epidermal disarray 0.920

Irregular discohesive and sparse cell clusters and
epidermal disarray

0.892

Pagetoid cells and epidermal disarray 0.871

AUC, area under the curve; OR, odds ratio; CI, confidence interval.
likelihood score (x2) statistics. The models with three or four
independent variables include at least one statistically not
significant feature. There is strong dependence among all four
of the features (P values ≤ 0.0001).

3.1. In vivo RCM evaluation and correlation with
histopathology

Dense junctional clusters predominated in most nevi and in
2 out of 44 melanomas. They corresponded to compact
cellular aggregates and well-circumscribed junctional nests
composed of melanin containing cells at histopathology
(Fig. 1). This feature was characteristic of benign melano-
cytic skin lesions. Nonhomogeneous junctional thickenings
and clusters were characteristic of melanoma, though
observed in 4 out of 25 common nevi and in 16 out of 69
dysplastic nevi. They corresponded to irregular junctional
nesting and confluence of basilar melanocytes along the rete
ridges at histopathology (Fig. 2). Irregular discohesive nests
were observed in 25 out of 44 melanomas and were rare in
nevi. This feature corresponded to discohesive nests
composed of large epithelioid melanocytes histopathologi-
cally (Fig. 3).

In vivo RCM feature of dense cell clusters corresponded
with melanin containing nevomelanocytes on histopathology
tance confocal microscope features.

 OR (95% CI) P value

5 8.761 (2.553–30.064) 0.0006
22.534 (6.824–74.407) <0.0001

6 0.075 (0.015–0.376) 0.0017
19.254 (5.84–63.48) <0.0001

 5.466 (1.351–22.118) 0.0172

30.349 (9.41–97.876) <0.0001
3 0.699 (0.190–2.567) 0.5893

62.484 (19.364–201.619) <0.0001
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though exact correspondence of non-homogeneous and
atypical sparse cell clusters remained questionable.

4. Discussion

Since the beginning of its use, in vivo RCM researchers have
been focused on identification of contrasting cytoplasm and
dark (non-reflecting) nucleus containing melanocytes, nevo-
melanocytes and pagetoid cells [12–16]. According to the
standard glossary of terms, the description and interpretation
of features of in vivo RCM imaging is that melanin and
melanosomes are strong sources of contrast on RCM, pagetoid
cells are characterized by dark nucleus and bright cytoplasm
refractive cells located in suprabasal layers [5–8,11,13–15], and
normal melanocytes may appear as bright (refractive) stellate
cells on confocal imaging [17].

In vivo RCM was described as an effective method for the
diagnosis of cutaneous melanocytic lesions, which increases
specificity above dermoscopic assessment alone [7,18–20].
Atypical and dysplastic nevi have been frequently examined in
in vivo RCM studies to define diagnostic criteria for malignant
melanoma [13,15,18]. However, until now there are no
systematic studies to correlate the confocal aspects of atypical
nevi with their histopathological counterparts precisely.
Moderate to marked cytologic atypia is characterized in RCM
by the presence of large, bright nucleated cells with clearly
outlined contours and dark nuclei within the basal layer [11].
Pleomorphic atypical melanocytes may be distinguished
although their correlation with histological grading for
cytologic atypia has never been proven.

According to our study results, all the analyzed in vivo RCM
features statistically and clinically were significant in diag-
nostics of cutaneous melanocytic lesions. The statistical
analysis showed that in vivo RCM helps distinguish between
benign and malignant melanocytic lesions according to dense
clusters, non-homogeneous clusters, irregular discohesive
and sparse cell clusters, pagetoid cells and epidermal disarray.
Epidermal disarray was the most significant RCM feature of
malignancy according to our results. The correlation of the
RCM epidermal disarray and nonhomogeneous clusters with
malignancy has been reported in other studies [5,14]. On the
other hand, dense cell clusters were characteristic of nevi
(sensitivity 71.28%, specificity 95.45%) as reported by others,
but the feature was not informative in discriminating
melanocytic nevi without atypia and dysplastic nevi.

The results allow us to make an assumption that focusing
attention on finding contrasting atypical melanocytes on
in vivo RCM imaging is enough for the differential diagnostic of
benign-malignant melanocytic skin lesions. More detailed
diagnostics of dysplastic nevi needs further investigation on
reflectance of melanocytes, nevocytes and atypical melano-
cytes under RCM.

5. Conclusions

These results show that current criteria of melanocytic
atypia by in vivo RCM are limited to differentiation between
benign and malignant melanocytic skin lesions. Nevus with
histopathologically confirmed nevomelanocytic atypia (dys-
plastic nevus) could not be distinguished from nevus without
atypia using analyzed in vivo RCM features of melanocytic
atypia. More detailed studies on reflectance of single and
nested melanocytes in melanocytic skin lesions would
improve the diagnostic accuracy of this promising technology.
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