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Early stages of 36 melanomas on limbs were morphologi-
cally characterised. Most occurred in high-risk patients 
(multiple and/or familial melanoma) attending a referral 
unit for melanoma and pigmented lesions. None of the 
tumours was clinically suspicious for melanoma (mean 
diameter of 4.3 mm). The tumours were classified into 
four dermoscopic groups: (i) prominent network (n = 16); 
(ii) delicate network (n = 5); (iii) hypo-pigmentation with 
dotted vessels (n = 10); and (iv) diffuse light pigmentation 
with perifollicular pigmentation (n = 5). Confocal micros-
copy performed in 12 cases allowed the identification of 
atypical, single cells within epidermal layers. Histopat-
hology showed marked large atypical cells in a pagetoid 
spreading pattern in most cases. Significant associations 
were detected between the third dermoscopic group and 
naevoid histological appearance and delay in detection, 
and between the fourth group and lentigo-maligna-like 
features. Dermoscopy allowed an increase in the suspicious 
threshold in these difficult melanomas in high-risk 
patients and enabled the subclassification of early me-
lanomas on the limbs, with a correct confocal and 
histopatho logical correlation. Although the biological 
behaviour of these incipient tumours remains uncertain, 
the most appropriate treatment seems to be recognition 
and proper excision. Key words: atypical mole syndrome; 
dermoscopy; dermatoscopy; familial melanoma; melano-
ma; naevus; reflectance confocal microscopy.
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There is only one effective treatment for malignant me-
lanoma (MM): complete excision of early stage tumours. 
In situ MMs are the only cases with a 100% cure rate 
after proper surgery, decreasing to 80–85% in thin MM 
(under 1 mm Breslow). MMs on the limbs are not well 
characterised in the literature, especially in the early 
stages, although they appear to be related to different 

epidemiological settings (e.g. women with intermittent 
sun-exposure on the lower limbs) (1, 2). 

Atypical mole syndrome (AMS), defined by the 
presence of more than 100 naevi, and/or more than 
10 clinical and dermoscopically atypical naevi, and/
or previously excised dysplastic naevi, is the most im-
portant independent risk marker for developing MM. 
In addition, naevi are both possible MM precursors and 
early MM simulators. In fact, the most difficult task in 
early detection of MM is to differentiate them from the 
more frequent benign melanocytic lesions. However, 
systematic excision of atypical naevi has no benefit in 
preventing MM in these high-risk patients (3, 4).

It is estimated that 10% of cases of MM occur in a 
familial setting as an autosomal dominant trait. In ap-
proximately 50% of these familial multiple melanoma 
(FamMM) cases a responsible gene can be found, being 
CDKN2A and CDK4 the two major susceptibility genes 
most commonly identified. FamMM cases and their re-
latives, especially when they are affected by AMS and/or 
are mutation carriers have a very high risk of MM deve-
lopment, even up to 1000 times over general population. 
To date, no clinical, dermoscopic, or histopathological 
special feature has been related to tumours in FamMM 
(5–7). Polymorphisms in melanocortin 1 receptor 
(MC1R) gene, especially the red hair variants (RHV), are 
considered low susceptibility genes to MM development, 
increasing the MM risk up to 10 times in respect to wild 
type (8). We studied the interaction between these low-
risk variants among FamMM cases, and found that they 
can increase the genetic risk in CDKN2A (high-risk gene) 
mutation carriers by up to 14 times and contribute to a 
less suspicious clinical and dermoscopic appearance of 
tumours, less colour, and fewer structures (9). 

The clinical ABCDE rule fails to recognise MMs that 
are small (less than 6 mm in diameter) or that exhibit 
regular shape and homogeneous colour, are symmetrical 
or undergo unnoticed changes (10, 11). Dermoscopy is 
now well accepted as a non-invasive technique that im-
proves the accuracy of skin tumour diagnosis (12–14), 
and is especially useful in the differential diagnosis of 
MM simulators or hypopigmented MM, avoiding un-
necessary excisions (15–17).

Early Stages of Melanoma on the Limbs of High-risk Patients: 
Clinical, Dermoscopic, Reflectance Confocal Microscopy and 
Histopathological Characterization for Improved Recognition

Cristina CARRERA1, Josep PALOU1,2, Josep MALVEHY1,3, Sonia SEGURA5, Paula AGUILERA1, Gabriel SALERNI1, Louise  
LOVATTO1, Joan A. PUIG-BUTILLÉ3,4, Llùcia ALÓS2 and Susana PUIG1,3

Departments of 1Dermatology, 2Pathology and 4Genetics, Melanoma and Dermatopathology Units, Hospital Clínic de Barcelona, 3Institut d’Investigacions 
Biomèdiques August Pi i Sunyer (IDIBAPS), Universitat de Barcelona, Spain, CIBER de Enfermedades Raras, Instituto de Salud Carlos III (ISCIII), and 
5Department of Dermatology, Hospital del Mar, Parc de Salut Mar, Barcelona, Spain
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In vivo reflectance-mode laser scanning confocal 
microscopy (RCM) is a non-invasive imaging technique 
that allows real-time skin examination at high resolution 
and thus improves the diagnostic accuracy in MM and 
other non-melanocytic tumours (18–20). 

We performed a retrospective study of 36 very early 
MMs on limbs. The objectives of this study were: (i) to 
describe the dermoscopic and in vivo RCM features in 
order to improve their future recognition; (ii) to correlate 
these findings with histopathological characteristics of 
the tumours that could suggest different types of early 
MM on the limbs in these very early stages.

MATERIALS AND METHODS
A systematic retrospective review of all thin MMs located on 
limbs diagnosed in a specialised Pigmented Lesion Unit of a 
referral hospital between 2005 and 2008.

The inclusion criteria were: (i) thin MM (< 1 mm Breslow) 
proven by histopathological examination, located on limbs; 
(ii) clinical, dermoscopic and histopathological data available; 
and (iii) clinically unsuspicious for MM, defined by no clinical 
ABCD criteria fulfilled. 

Complete clinical patient history was recorded, including 
familial history, previous melanocytic lesions excised and other 

MM-associated risk factors. Genetic studies were performed 
when DNA was available. Exons 1alfa, 1beta, 2 and 3, intronic 
changes IVS2-105 and –34G>T in the CDKN2A promoter, and 
exon 2 from CDK4 were studied by PCR single-strand confor-
mation polymorphism (PCR-SSCP) analysis and sequencing (7). 
MC1R was studied by direct sequencing (9).

Clinical and dermoscopic images were taken using digital 
cameras (Olympus Camedia, Canon G7 and/or Nikon Coolpix 
4500) and a polarised dermatoscope (DermlitePhoto®; 3 GEN, 
LLC.Dana Point, CA, USA). In the case of the high-risk patients 
included in our digital follow-up protocol (21), Mole Max II 
(Dermamedical Instruments®), able to detect digital clinical 
and/or dermoscopic changes in a 6-month follow-up, was an 
additional tool used in the study. Clinical evaluation was based 
on ABCDE criteria and dermoscopic pattern analysis (22). 

Whenever possible, in vivo RCM examination was performed 
with near-infrared reflectance confocal laser scanning micros-
copes (Vivascope 1500®; Lucid Inc., Henrietta, NY, USA). The 
instruments and acquisition procedures, as well as the features 
studied, have been described previously (23).

Conventional haematoxylin-eosin staining and immunohisto-
chemistry (Melan A, HMB45, Ki67) were performed whenever 
it was considered necessary. Histopathologically, MMs were 
classified into one of the following groups according to their 
characteristics:

Naevoid MM: predominance of nesting pagetoid invasion of • 
the upper layers of epidermis over solitary cells.
Paget’s disease-like MM: characterised by atypical large • 

Fig. 1. Dermoscopic group 1: atypical network. Examples of 3 melanomas from group 1. A1, B1, C1: clinical aspect: located on lower limbs, small dark 
brown lesions, with no malignant criteria A2, B2, C2: dermoscopic images (original magnification × 30). Prominent network pattern, with 2 colours and 
asymmetrical pigment distribution. Case A is completely asymmetrical in 1 axis. A3, B3, C3: histopathological examination (× 20 (B3) and × 40 (A3, B3 
inset and C3)). Proliferation of atypical large melanocytes, both solitary and forming discrete nests, in junctural and intraepidermal layers. These 3 cases 
were in situ malignant melanoma. 
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epithelioid cells invading the whole epidermis resembling 
genuine Paget’s disease. 
Lentiginous MM: melanocytic hyperplasia, with severe ar-• 
chitectural atypia and intraepidermal spreading. Small nests 
can be found on the bottom of rete ridges. 
Lentigo maligna-type: atypical melanocytic proliferation • 
along a faded dermal-epidermal junction and flattened 
epidermis, with solitary and small nests invading the upper 
epidermis and characteristic follicular involvement. It may 
be associated with marked actinic damage.

Statistical evaluation was carried out using SPSS statistical 
software package for Windows (version 16.0; SPSS Inc., Chicago, 
IL, USA). A chi-square test was applied for all category features, 
and Fischer’s exact test was applied if any expected cell value in 
the 2×2 table was < 5. Each group was compared with the other 
three. Mean and median values were determined for quantitative 
variables and compared using the Student’s t-test.

RESULTS

Patient data

Thirty-six tumours from 35 patients in our high-risk 
patient-set were reviewed. Tumours were assigned, 

based on overall appearance in dermoscopic analyses, 
to 1 of 4 groups (for details see below – Dermoscopic 
examintion): 1, Prominent network (16 tumours, 46%) 
(Fig. 1); 2, Delicate network with no specific MM 
dermoscopic features (5 tumours, 14%) (Fig. 2). Me-
lanomas were detected by changes in digital follow-up; 
3, Hypopigmented with atypical vessels (10 tumours, 
28%), (Fig. 3); and Group 4, Diffuse light pigmenta-
tion and perifollicular pigmentation (5 tumours, 14%),  
(Fig. 4). Patient clinical characteristics are summarised 
in Table I. 

The most remarkable feature was the predomination 
of women (n = 29) over men (n = 6), and the presence of 
high-risk MM history, since 40% had familial MM his-
tory, 49% personal MM history, and 17% had multiple 
primary MMs (MPM) before the current MM diagnosis. 
The majority of patients (75%) were affected by atypi-
cal mole syndrome. Eighteen had been included in our 
digital follow-up high-risk surveillance programme, 
which involves total-body photography mapping and 
digital dermoscopy of atypical lesions every 6 months, 
as described previously by our group (21).

Fig. 2. Dermoscopic group 2: delicate network with changes on digital follow-up. Examples of three melanomas from group 2. A1, B1, C1: clinical aspect: 
located on lower limbs, the smallest lesions had a completely unremarkable aspect. Case A1 and B1 are mother and daughter, both of them CDKN2A mutation 
and double-red-hair-variant-MC1R carriers, affected by multiple primary malignant melanoma (MM). A2, B2, C2: dermoscopic images (original magnification 
× 30). Light-brown very delicate network pattern, with a slight asymmetrical light-brown structureless area in cases A2 and C2 due to a pre-existing naevus. 
In all cases the lesions were excised due to changes seen in digital follow-up of a very high-risk patient setting. A3, B3, C3 histopathological examination 
(× 20). Proliferation of atypical large melanocytes, both solitary and forming nests, in junctural and intraepidermal layers. All were in situ MM. Note the 
immunohistochemical study in C3 with a more evident pagetoid spreading of Melan-A positive cells.
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Fig. 4. Dermoscopic 
group 4: perifollicular 
pigmentation. Examples 
of three in situ mela-
nomas. A1, B1, C1: 
clinical aspect: loca ted 
on lower limbs, the only 
remarkable feature was 
irregular borders. A2, B2, 
C2: dermoscopic images 
(original magnification 
× 30).  Light-brown 
structureless pigmenta-
tion, with thin and broken 
pigmented network, and 
focal hyperpigmentation 
in case 2. Note some 
irregular follicular open-
ings (arrows). A3, B3, 
C3: histopathological 
examination (× 20). 
Flattened epidermis, 
with variable elastosis, 
and proliferation of 
dendritic melanocytes 
in both the basal and 
suprabasa l  l ayers . 
Note the remarkable 
pagetoid spreading in 
immunohistochemistry 
image (∆) (Melan-A 
staining).

Fig. 3. Dermoscopic 
group 3: atypical vascular 
pattern. Examples of 
three melanomas from 
group 3. A1, B1, C1: 
clinical aspect: located on 
lower limbs, all achromic 
lesions with erythema. 
Case C1: albinism type 
OCA1 in a 34-year-old 
woman, the largest lesion 
in the series. A2, B2, 
C2: dermoscopic images 
(original magnification 
× 30). Homogeneous 
or unspecific pattern, 
only remarkable by 
vessels and a light-
brown structureless 
pigmentation. Dotted 
vessels and whitish linear 
structures (chrysalides-
l ike)  are  the  only 
noteworthy features. A3, 
B3, C3: histopathological 
examination (× 20). 
Lentiginous hyperplasia 
of atypical melanocytes, 
with mild pagetoid 
spreading and marked 
vascular hyperplasia. 
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Genetic studies. All patients with familial and/or MPM 
were investigated for major susceptibility MM genes 
(CDKN2A, p14arf, CDK4) (as well other patients 
whose DNA was available). Explicit permission 
was obtained from all patients tested. Eight of the 
21 patients whose CDKN2A loci were studied were 
found to be carriers of known mutations. Six carried 
the G101W exon 2 mutation (7), the most common in 
our study population. Polymorphisms in the MC1R 
gene were studied in 20 patients; only 2 of them were 
wild-type. At least one functional variant was detected 
in 18 patients, more than one variant in 7, and 13 
cases were red hair variant (RHV) carriers and 2 of  
them had a double RHV polymorphism.

Tumour data

Most of the tumours (n = 33, 92%) were located on 
lower limbs, mainly below the knee (n = 28, 78%). All 
were less than 6 mm in diameter (except for 2 lesions, 
7 and 8 mm in diameter, both lacking pigment, one of 
them in a patient affected by oculo-cutaneous albinism 
type 1). The median diameter was 4.3 mm (SD 1.12 
mm, range 3–8 mm). On clinical examination none of 
them fulfilled ABCD criteria for MM suspicion. Only 
15 lesions showed mild asymmetry; none presented 
more than two colours, and borders were slightly ir-
regular in 7 cases. 

Dermoscopic examination

Most of the tumours showed two colours and asym-
metry in one axis. However, 14 were completely sym-
metrical and 7 were monochromic. The most frequent 
overall pattern was reticular pigmented (21 tumours), 

and no lesion showed a multi-component pattern. 
An atypical pigmented network was detected in 15 
cases, irregular pigment distribution was observed in 
20 cases, and atypi cal vessels in 10 cases. Other wor-
rying, but infrequent, dermoscopic features observed 
are detailed in Table II.

Based on overall appearance in dermoscopic analyses, 
tumours were classified into 4 groups (see above): 

Prominent network, characterised by atypical pro-• 
minent pigmented network with broadened lines and 
narrow holes.
Delicate network with no specific MM dermoscopic • 
features. 
Hypopigmented with atypical vessels, with no classi-• 
cal features of MM, but little or no pigment, and dot-
ted vessels and inverse network in several cases. 
Diffuse light pigmentation and perifollicular pig-• 
mentation, simulating solar lentigo but with irregular 
pigmentation of follicule-openings. 

Reflectance confocal microscopy (RCM) examination

All the evaluated lesions (n = 12) were suspicious for 
melanoma using the second-step algorithm previously 
described by our group (24). Positive criteria for 
melanoma were the presence of a pagetoid spread of 
atypical cells in 8 cases, being roundish in 6 cases, and 
dendritic in 4 (2 cases showed both cell types) (Fig. 
5); the presence of non-edged papillae in eight cases; 
and the presence of atypical cells in the basal layer in 
4 cases and in the dermal papilla in 3. 

In the dermis, non-nucleated dermal cells (plump 
cells) were observed in 4 cases, related to the presence of 
blue regression (peppering) or melanophages in intense 
pigmented lesions. Vessels were identified in 2 cases, 

Table I. Clinical features of the 35 patients included in this series. Patients were assigned to 1 of 4 groups based on the dermoscopic 
characteristics of their tumours: 1, “Prominent network”; 2, “Delicate network with no specific MM dermoscopic features”; 3, 
“Hypopigmented with atypical vessels”; and 4, “Diffuse light pigmentation and perifollicular pigmentation”. CDKN2A/CDK4 mutation 
status was assessed in 21 of the 35 patients. MC1R variants were studied in 20 patients. Multiple malignant melanoma (MM): 2 or more 
melanomas diagnosed before the present case. Familial MM: 2 or more melanoma cases among first-degree relatives.

Patient characteristics
Group 1
 n = 16

Group 2
n = 4

Group 3
n = 10

Group 4
n = 5

Total
n = 35

Sex, n (%)
Female 15 (94) 4 (100) 6 (60) 4 (80) 29 (83)
Male 1 (6) 0 (0) 4 (40) 1 (20) 6 (17)

Age (years), mean ± SD 44.7 ± 14.0 40.4 ± 14.7 49 ± 19.3 50 ± 8.3 46 ± 15.4
Atypical mole syndrome, n (%) 12 (75) 4 (100) 8 (80) 2 (40) 26 (75)
Previous MM, n (%) 7 (44) 3 (75) 6 (60) 1 (25) 17 (49)
Digital follow-up, n (%) 8 (50) 4 (100) 4 (40) 2 (40) 18 (51)
Multiple MM, n (%) 2 (12) 3 (75) 1 (10) 0 (0) 6 (17)
Familial MM, n (%) 6 (37) 4 (100) 2 (20) 2 (40) 14 (40)
Genetic studies performed, n (%) 8 (50) 4 (100) 8 (80) 2 (50) 21 (38)
CDKN2A/CDK4 mutation/studied, n (%) 4/8 (50) 3/4 (75) 1/7 (14) 0/2 (0) 8/21 (38)
MC1R/studied, n (%)
Any variant 6/8 (75) 3/3 (100) 8/8 (100) 1/1 (100) 18/20 (90)
Red hair variants 4/8 (50) 3/3 (100) 5/8 (62) 1/1 (100) 10/20 (50)
More than one variant 0/8 (0) 2/3 (66) 5/8 (62) 0/1 (0) 7/20 (35)

SD: standard deviation. Note: one patient in group 2 presented with 2 tumours.
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with tortuous morphology corresponding to atypical 
vessels seen under dermoscopy. 

Dermoscopic features were the main reason for ex-
cision in 31 cases; the remaining 5 cases (dermoscopic 
group 2) were excised due to minimal changes on digital 
follow-up in a very-high-risk patient set, despite an 
unsuspicious clinical and dermoscopic appearance.

Histopathological study 
All lesions were evaluated, by 2 independent patho-
logists (JP and LA).

Twenty-eight tumours (80%) were in situ MMs, and 
the remaining 8 were micro-invasive MMs, Clark II in 
5 cases and Clark III in 3 cases. The median Breslow 
index in these was 0.5 mm. There were only 5 cases 

Table III. Histopathological examination of 36 tumours classified by dermoscopic group. Column headings indicate total numbers and 
percentages. Note that it was not possible to review the histopathological features of one tumour in group 1 (total of 35 tumours examined), 
unlike in the clinical/dermoscopic diagnosis (all 36 tumours studied).

Histopathological features
Group 1
n = 15

Group 2
n = 5

Group 3
n = 10

Group 4
n = 5

Total
n = 35

Histological classification
Naevoid malignant melanoma 4 (27) 2 (40) 7 (70) 0 (0) 13 (38)
Pagetoid malignant melanoma 8 (54) 2 (40) 1 (10) 0 (0) 11 (31)
Lentiginous malignant melanoma 3 (20) 1 (20) 2 (20) 0 (0) 6 (17)
Lentigo malignant melanoma-like 0 (0) 0 (0) 0 (0) 5 (100) 5 (14)

Naevus-associated 2 (13) 1 (20) 2 (20) 0 (0) 5 (14)
Marked nest tendency 5 (33) 3 (60) 9 (90) 1 (20) 18 (51)
Marked lentiginous melanocytic hyperplasia 5 (33) 1 (20) 4 (40) 3 (60) 13 (37)
Marked pagetoid spreading 10 (66) 4 (80) 6 (60) 3 (60) 23 (66)
Marked vascular hyperplasia 1 (7) 1 (20) 4 (40) 0 (0) 11 (31)
Marked inflammatory infiltrates 4 (27) 1 (20) 7 (70) 0 (0) 12 (34)
Atypical large cells 6 (40) 2 (40) 2 (20) 1 (20) 11 (31)
Atypical epithelioid-like cells 11 (73) 3 (60) 8 (80) 3 (60) 25 (72)
Histological diagnosis
Clark I 13 (90) 5 (100) 5 (50) 5 (100) 28 (80)
Clark II 2 (14) 0 (0) 3 (30) 0 (0) 5 (14)
Clark III 1 (7) 0 (0) 2 (20) 0 (0) 2 (6)

Mean Breslow thickness (8 cases), mm 0.41 ± 0.1 – 0.56 ± 0.05 – 0.50 ± 0.1

Table II. Clinical and dermoscopic examination of 36 tumours classified by dermoscopic group.

Group 1
n = 16

Group 2
n = 5

Group 3
n = 10

Group 4
n = 5

Total
n = 36

Clinical tumour features
Site, n (%)
Lower limbs 16 (100) 5 (100) 7 (70) 5 (100) 33 (92)
Upper limbs 0 (0) 0 (0) 3 (30) 0 (0) 3 (7)

In situ malignant melanoma, n (%) 13 (72) 5 (100) 5 (50) 5 (100) 28 (78)
Ugly duckling sign, n (%) 1 (6) 0 (0) 1 (10) 0 (0) 2 (5)
Size, mm, mean ± SD 4.12 ± 0.9 3.6 ± 0.9 5 ± 1.4 4.4 ± 0.9 4.3 ± 1.12
Clinical asymmetry, n (%) 9 (56) 3 (60) 2 (20) 1 (20) 15 (42)
One colour, n (%) 4 (25) 2 (40) 7 (70) 3 (60) 16 (45)
Two colours, n (%) 12 (75) 3 (60) 3 (30) 2 (40) 20 (56)
Irregular borders, n (%) 4 (25) 0 (0) 0 (0) 3 (60) 7 (20)
Dermoscopic tumour features, n (%)
Asymmetry in one axis, n (%) 11 (70) 3 (60) 5 (50) 3 (60) 22 (60)
Only one colour, n (%) 0 (0) 2 (40) 4 (40) 1 (20) 7 (20)
Two colours, n (%) 13 (72) 3 (60) 5 (50) 4 (80) 25 (69)
More than two colours, n (%) 3 (18) 0 (0) 1 (10) 0 (0) 4 (11)
Reticular pattern, n (%) 14 (88) 5 (100) 0 (0) 2 (40) 21 (58)
Globular pattern, n (%) 1 (6) 0 (0) 1 (10) 0 (0) 2 (5)
Non-specific global pattern, n (%) 1 (6) 0 (0) 9 (90) 3 (60) 13 (35)
Atypical network, n (%) 14 (88) 0 (0) 1 (10) 0 (0) 15 (42)
Irregular globules, n (%) 5 (31) 0 (0) 3 (30) 0 (0) 8 (22)
Radial streaks /pseudopods, n (%) 4 (25) 0 (0) 1 (10) 0 (0) 5 (16)
Hyper/hypopigmented irregular areas, n (%) 7 (44) 2 (40) 7 (70) 4 (80) 20 (56)
Irregular blotches, n (%) 3 (18) 0 (0) 0 (0) 4 (80) 7 (20)
Dotted vessels, n (%) 1 (6) 0 (0) 9 (90) 0 (0) 10 (29)
Regression features, n (%) 3 (18) 1 (20) 1 (10) 1 (20) 6 (17)
Perifollicular pigmentation, n (%) 1 (6) 0 (0) 0 (0) 5 (100) 5 (16)
Negative/inverse network, n (%) 0 (0) 0 (0) 3 (30) 0 (0) 3 (8)
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of MM witn a melanocytic neavus associated in histo-
pathological examination.

Based on the histopathological classification of inci-
pient MMs explained in the Materials and Methods, we 
were able to divide our cases into groups and to study their 
possible associations with different dermoscopic groups 
(Table III). Thirteen cases were classified as naevoid-
like MM, with statistically significant associations with 
marked nesting (p < 0.001) and marked vascular hyper-
plasia (p < 0.05). Eleven cases were classified as pagetoid 
MM-type, with marked pagetoid invasion of the epider-
mis, and association with very large roundish atypical 
cells in most cases (p < 0.03). Six cases were considered 
lentiginous MM-type, with this characteristic architecture 
as the most remarkable feature. And the remaining 5 cases 
were classified as lentigo-maligna-like MMs. However, 
not all of these 5 cases showed signs of elastosis. 

Defining features of each dermoscopic group 

The first group (atypical prominent network) was associa-
ted with lesions that were clinically and dermo scopically 
more pigmented and polychromic (p < 0.05). In vivo RCM 

demonstrated that 4 lesions presented striking pagetoid 
spreading of atypical cells. Histopathologically, group 1 
was associated with the most marked pagetoid spreading 
of atypical solitary cells, so-called Pagetoid-type MM (8 
cases, 54% of this group, p = 0.02). The diagnosis was in 
situ MM in 13 cases (90%) (Table IV).

The second group (delicate light-brown pigmented 
network) contained the smallest tumours (mean diame-
ter 3.6 mm), with weak pigmentation, which explains in 
part the unremarkable aspect of these incipient tumours, 
and is congruent with MC1R variants status. The 3 
patients studied had red hair and multiple variants in 
MC1R. Confocal detection of pagetoid cells within the 
upper epidermis aided the diagnosis in 3 cases. All were 
in situ MMs (Table IV).

The third group (hypopigmented or achromic lesions 
with atypical vasculature) was the second most frequent 
pattern, and the only one detected in MM located on 
upper limbs (30% vs. 0%). The mean size of lesions was 
slightly larger than the other groups (5 mm ± 1.4 mm), 
and in two cases the tumour was the reason for consul-
tation because of erythema and pruritus. Most lesions 
(90%) showed an unspecific overall dermoscopic pattern 

Fig. 5. A: Dermoscopic image of a new pigmented lesion on the knee of a group 2 patient  (original magnification × 50). Light-brown, symmetrical  pigmented 
network. B: In vivo RCM image sequence in a 4 × 4 mm mosaic: ringed architecture at the dermo-epidermal junction, with (× 30) irregular elongated regular rete 
ridges with an increased number of refractive cells in the basal layer. C and D: 500 × 500 μm RCM images. Non-edged papillae: dark dermal papillae irregular 
in size and shape (*), without a demarcated rim of bright cells, separated by interpapillary spaces of different thicknesses (∆). Scattered atypical junctional  
nucleated roundish cells at layer (white arrows), with a single dendritic cell (thin yellow arrow). E: Histopathological examination (original magnification × 200). 
Atypical large and roundish melanocytes in the dermo-epidermal layer corresponding to the highlighted cells in the RCM and histopathological images.
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(p < 0.001) and atypical vascularisation, with dotted ves-
sels (p < 0.001). In addition 3 cases (30%) presented an 
inverse network (p < 0.05). This group comparing with 
the other 3, contains the most invasive tumours (in situ 
MM: 50% vs. 88% in the remaining groups, p < 0.03; 
Clark II/III: 50% vs. 9% in the other groups, p < 0.01). 
The third group was statistically associated with the his-
topathological naevoid MM type (p = 0.01), and it was 
also possible to observe a marked vascular hyperplasia 
and inflammatory infiltrates (Table IV). 

In the fourth group (light-brown structureless and 
perifollicular pigmentation), a solar lentigo appearance 
with irregular borders (3 cases) was the most remarkable 
clinical feature. The dermoscopy criterion for suspicion 
was pigmentation of the perifollicular openings over 
a lighter brown structureless pigmentation. These 5 
tumours were in situ MM with atypical cells invasion 
of follicles similar to lentigo-maligna-MM but without 
extensive elastosis (Table IV). 

DISCUSSION

Based on this review, mainly dermoscopy, sometimes 
aided by digital follow-up (DFU) and/or RCM, allowed 
the excision of 36 early MMs on limbs with unsuspi-
cious clinical aspects. 

Our aim was to characterise in vivo and ex vivo thin 
MMs on limbs diagnosed over the last 3 years in our 
unit. A large proportion of the patients in this series be-
long to a very high-risk MM setting: 49% were affected 
by previous MPM, 40% had a FamMM syndrome and 
75% were affected by AMS. These data are consistent 
with a population attending a specific pigmented lesions 
unit in a referral hospital such as ours. The proportion 
of female patients cannot be explained on the basis of 
FamMM or MPM (7) and is consistent with the pre-
dominant incidence of melanoma on the lower limb 
in females and on the trunk in males in our general 
population, as is the case in most countries. 

Both primary and secondary prevention strategies 
are especially important in these families, as the risk 
of MM may reach 1000 times that in the general po-
pulation. Early detection of MM without an increase 
in unnecessary excisions is important in these cases 
(4–7). To date, the only way to identify this population 
is through their medical history. However, it would be 
of great interest to find special clinical, dermoscopic 
or histopathological features for tumours that form as 
a result of genetic factors. It has been demonstrated 
that dermatological surveillance programmes involving 
total-body photography, digital dermoscopy and in vivo 
RCM are feasible and allow early diagnosis of most in 
situ or micro-invasive MMs, thus avoiding unnecessary 
excision of benign lesions (optimal ratio benign/malig-
nant) (4, 20, 21, 25). Genetic studies in MM families 
facilitate the identification of high-risk non-affected 
individuals who may benefit from specific surveillance 
programmes. FamMM is a potential pathological can-
didate for genetic counselling (5–7).

The gender and location of the tumours in this series 
agree with the well-established higher prevalence of 
MM on the lower limbs in women (26–28). We also 
found a higher proportion of male cases among the few 
upper limb MMs included.

Clinically all lesions were very small and not inten-
sely pigmented, and the clinical “ugly duckling” sign 
only helped to identify them in only 2 cases. Our series 
showed that incipient MMs do not usually present the 
classical malignant appearance and therefore do not fulfil 
the ABCD criteria. We should, however, assume it is a 
feasible and useful tool for MM screening among the 
general population and for use by general practitioners, 
but not acceptable for use by dermatologists. This clini-
cally unremarkable appearance and the lack of the “ugly 
duckling” sign in the majority of cases, reminds us that 
it is important not to clinically pre-select lesions for der-

Table IV. Characterisation of each malignant melanoma (MM) sub-
group. For each group, the most remarkable features are listed.

Characteristic features n (%)a
Significance
(Fisher’s exact test)

Group 1 (16 patients, 16 tumours)
Female 15 (94) NS
> 1 colour clinically 12 (75) 0.04
> 1 colour dermoscopically 16 (100) < 0.05 
Network global pattern 14 (88) 0.01
Atypical network 14 (88) 0.01
In situ MM 13 (90) NS
Pagetoid-type MM (histopathological) 8 (54) 0.02
Group 2 (4 patients, 5 tumours)
Female 4 (100) NS
Multiple primary MM 3 (75) < 0.01
Familial multiple MM 4 (100) < 0.03
Diameter (mm), median (SD) 3.6 (0.09) NS (Student’s t-test)
Network global pattern 5 (100) < 0.01
Diagnosed by changes in digital FU 5 (100) < 0.001
In situ MM 5 (100) NS
Group 3 (10 patients, 10 tumours)
Male 4 (40) 0.04
Multiple MC1R variants 5 (62)b 0.05
Upper limbs 3 (30) 0.02
Only one colour clinically 7 (70) < 0.05
Only one colour dermoscopically 4 (40) < 0.05
Non-specific global pattern 9 (90) 0.01
Dotted vessels 9 (90) 0.01
Inverse negative network 3 (30) < 0.05
Invasive MM 5 (50) 0.03
Naevoid-type MM 7 (70) 0.01
Marked nested tendency 9 (90) < 0.05
Marked vascular hyperplasia 4 (40) 0.05
Marked inflammatory infiltrates 7 (70) 0.01
Group 4 (5 patients, 5 tumours)
Female 4 (80) NS
Irregular borders clinically 3 (60) 0.03
Irregular blotches dermoscopically 4 (80) 0.01
Perifollicular pigmentation 5 (100) < 0.001
In situ MM 5 (100) NS
Lentigo-type MM (histopathological) 5 (100) < 0.001
aUnless otherwise indicated. bFive cases out of 8 studied.
NS: not significant in Fisher’s exact test analysis. FU: follow-up.
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moscopy (29), especially in high-risk patients. Recently, 
Zalaudek et al. (30) demonstrated that the time needed for 
complete skin examination aided by dermo scopy is only 
one minute longer than for that without, and complete 
examination with dermoscopy, even in cases with a high 
naevi count, took approximately 3 min. 

In dermoscopic analysis none of our cases showed 
a multi-component pattern, or marked asymmetry in 
structure or pigmentation, which are considered clues 
for recognising MM. This emphasises the importance 
of finding other dermoscopy features in these early and 
difficult lesions, such as those we propose in this series, 
for small, symmetrical and hypopigmented lesions 
(15–17, 31, 32).

The main open question regards the potential malig-
nant behaviour of these tumours. Obviously, the only way 
to truly demonstrate the malignant nature of a melano-
cytic lesion is through the development of metastasis. 
However, the clinical/dermoscopic and histopathological 
morphological features of a tumour are usually sufficient 
to make a diagnosis. As we are now detecting tumours at 
such an early stage, it is difficult to observe the classical 
and marked malignant features of more advanced MM. 
On the other hand, it may be possible that these lesions 
would never evolve to more invasive MM. Khalifeh et al. 
(33) reported a series of 11 atypical melanocytic lesions 
on distal lower limbs, especially on the ankle, which they 
consider as benign tumours that could be misdiagnosed 
as MM in situ. They concluded that these were benign 
lesions based on mild cytological atypia, no pagetoid 
spreading, and no recurrence after a follow-up period 
of between 4 months and 13 years. These cases showed 
some similarities to ours, but we found pagetoid invasion 
in the epidermis in all cases. A benign outcome in such 
lesions is possible. However; observation of only 11 
cases is not sufficient to confirm a benign behaviour. 

In agreement with previous studies on RCM in MM, 
the most frequent features associated with malignancy are 
the partial or total loss of the honeycomb pattern, pagetoid 
spreading of roundish or dendritic cells, and irregular or 
non-edged papillae (24, 34, 35). In our series, despite the 
unremarkable clinical appearances of the 36 tumours, we 
were able, based on dermoscopic classification, to esta-
blish good correlations between dermo scopic presentation 
and confocal and histopathological features. In at least 
two cases in which clinical and dermoscopic features were 
suggestive of benign lesions or inconclusive, confocal 
examination according to a 2-step algorithm recently 
described by our group (24) increased our suspicion and 
led us to decide on excision instead of follow-up.

Based on our experience, we propose a dermoscopic 
classification of the early stages of MM on the limbs 
that could help the further investigation of possible 
different origins, such as has been proposed in recent 
observations regarding cutaneous stem cells (36, 37) 
and MM pathways. 

The distribution of in situ MMs among the dermos-
copic groups was not uniform. Between 90% and 100% 
of cases in groups 1, 2 and 4 were in situ MMs, whereas 
50% of MM in group 3 (hypopigmented with atypical 
vessels) were in situ MMs. This may be explained by 
a delay in diagnosis for more deeply invasive lesions 
with lesions with greater diameters, which agrees with 
our observation in a study of MC1R polymorphisms, 
and which could contribute to a hypopigmented MM 
aspect with fewer dermoscopic features, thus implying 
a more difficult early diagnosis (9).

In conclusion, we reviewed 36 cases of very early MMs 
on the limbs. None of these cases could have been diagno-
sed by clinical examination alone. Dermoscopy aided by 
digital follow-up and occasionally by confocal microscopy 
encouraged us to excise these clinically unsuspicious le-
sions. The limitation of this retrospective series is that it 
is not possible to compare these morphological features 
with those of excised benign lesions, or to confirm the 
future malignant behaviour of these incipient tumours. 
Obviously not all thin MMs will disseminate, and not all 
in situ and micro-invasive MMs will become invasive and 
life-threatening. How ever, several of the present patients 
belong to families affected by FamMM, and unfortunately 
some relatives had died from MM-associated metastasis. 
Therefore, our aim must be for all MMs in these high-risk 
patients to be diagnosed at the in situ stage. Finally, we 
can conclude that, despite a banal clinical aspect, melano-
cytic lesions on the limbs can present some dermoscopic 
or confocal features that raise suspicion. All of these 
tumours should be removed or have a short-term follow-
up, especially in the case of the very high-risk population 
attending a referral pigmented lesions unit. 
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sions before and after irradiation, especially when compar-
ing both sides of each nevus (protected and nonprotected). 
Histopathological and immunohistochemical studies dem-
onstrated marked melanocytic activation on nonprotected 
areas and a high proliferation index of keratinocytes. Both 
physical and sunscreen protections seem to avoid these 
changes.  Conclusion:  A useful and secure human model to 
study the UVR influence, and efficacy of sunscreens, on me-
lanocytic lesions was developed. In vivo and ex vivo differ-
ences between irradiated nevus versus irradiated nevus plus 
sunscreen or physical protection were found. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Melanoma (MM) is the human malignancy that has 
undergone the greatest increase in incidence during the 
last few decades. Early diagnosis of the in situ stage is still 
the only way to obtain curative treatment, and the chal-
lenge of identifying people at high risk for MM, and 
knowledge of predisposing and progressing factors are 
critical to determine and improve prognosis. Ninety per-
cent of MM are considered sporadic, and the main risk 
factors implicated are ultraviolet radiation (UVR) and 
the presence of melanocytic nevi  [1–5] .

 Key Words 

 Dermoscopy  �  Immunohistochemistry  �  Malignant 
melanoma  �  Melanocytes  �  Nevus  �  Photochemoprevention  � 
Photoprotection  �  Sun exposure  �  Sunscreens  �  Ultraviolet 
radiation 

 Abstract 

  Background:  Ultraviolet radiation (UVR) plays an important 
role in the development of melanocytic lesions. Sunscreens 
have shown an impact in the prevention of UVR damage; 
however, their role in melanocytes has not been well estab-
lished. The aim was to design and validate an in vivo human 
model to study the influence of UVR and sunscreen protec-
tion on nevi.  Methods:  A model describing clinical, dermo-
scopic, histopathological and molecular changes after UVR 
with or without protection was elaborated. Two UVB mini-
mal erythema doses were irradiated on 4 nonsuspicious nevi 
from 4 patients; previously one half of each lesion was pro-
tected, in 2 cases with a physical opaque material and in the 
other 2 lesions by applying a high physical and chemical pro-
tection sunscreen (containing octocrylene, Parsol 1789, tita-
nium dioxide, Mexoryl SX TM , Mexoryl XL TM ). Lesions were ex-
cised 7 days afterwards.  Results:  After 7 days, clinical and 
dermoscopic changes (more pigmentation, erythema, dot-
ted vessels, blurred network) were noted comparing the le-
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  UVR is considered to play an important role in the 
development of MM and melanocytic benign skin lesions 
 [6–9] . In animal models UVR was shown to be both an 
initiator and a promoter in the multistep process of the 
genesis of melanocytic tumors  [10] . Multiple epidemio-
logical studies suggest that the risk for MM is increased 
in Caucasians exposed to intense intermittent sunlight, 
in individuals with severe sunburns before the age of 15 
and in those who use artificial tanning lamps  [5] . DNA 
damage caused by UVR is thought to play a major role in 
carcinogenesis, in keratinocytes and in melanocytes. 
UVB radiations at short wavelengths, 290–320 nm, in-
duce damage in the form of cyclobutane pyrimidine di-
mers and pyrimidine photoproducts. UVA (320–400 nm) 
causes single-stranded breaks, DNA-protein cross-link-
ing and the generation of free radicals that cause oxida-
tive damage  [4, 11–14] .

  The capacity to repair UVR-induced DNA damage is 
genetically determined. Intracellular pathways function-
ing to prevent UV carcinogenesis include those involved 
in: (a) identification of DNA damage, (b) reparation of 
UV DNA damage and (c) induction of apoptosis if repair 
is not efficient. Several proteins involved in the regula-
tion of DNA replication and progression to the cell cycle 
(such as p53, p16, p14, Bcl2, survivin, CyD1) are involved 
in the identification of DNA damage, inhibition of cell 
cycle progression and induction of apoptosis  [12–17] .

  Besides avoiding sun exposure, using a sunscreen is 
the best and the most accepted photoprotection method 
in most developed countries, and the preventive effect of 
using a sunscreen in non-MM skin cancer has often been 
suggested. However, there is still debate whether it pro-
vides adequate protection against MM and nevus induc-
tion. UVR-induced p53 has been assessed in keratino-
cytes as an indirect marker of UVR damage, and its ex-
pression has been shown to decrease after sunscreen use 
 [18–22] . Even so, nowadays there is no published study, or 
in vivo model, that demonstrates the protective effect of 
sunscreens against cellular and DNA damage in melano-
cytes and in melanocytic tumors. In 1997, Serre et al.  [23]  
demonstrated the protective effect of sunscreens against 
the local immunosuppressive reaction after photoexpo-
sure. Schiller et al.  [24]  investigated the stimulation of 
proopiomelanocortin and melanocyte-stimulating hor-
mone/melanocortin 1 receptor in skin exposed to 2 min-
imal erythema doses (MED) from a solar simulator. They 
studied in vitro ,  by means of suction blister biopsies, the 
mRNA levels and protein expression for both molecules 
at different times after UVR. They demonstrated mela-
nocortin 1 receptor stimulation in keratinocytes exposed 

to UVB, and the absence of this effect after adding a pho-
toprotector.

  Nevi are considered potential precursors and simula-
tors as well as risk markers of MM, especially when these 
lesions are numerous or atypical. Nevi and MM share the 
same cell origin, the melanocyte, an especially apoptosis-
resistant cell. In recent years, different published studies 
reported that acute UVB irradiation provokes demon-
strable and quantifiable changes in melanocytic lesions 
similar to those found in early MM, as well as that UVR 
at an early age modifies the number of nevi at the adult 
age.

  In the present study, the two main objectives were to 
design and validate an in vivo human model to study the 
clinical, dermoscopic, histological and molecular effects 
induced by UVR in benign melanocytic lesions and to 
validate this model for the study of the role of sunscreen 
protection in avoiding all of these supposed induced 
changes. To the best of our knowledge, this is the first in 
vivo model to study a topical sunscreen effect on UVB-
irradiated melanocytic nevi.

  Methods 

 To design our in vivo human model, we performed an exhaus-
tive revision of the literature related to UVR effects in melano-
cytic nevi. All these previous studies are summarized in  table 1 .

  In vivo Model to Demonstrate the Specific UV-Induced 
Damage in Benign Melanocytic Lesions 
 Patients 
 Volunteers, visiting the Pigmentary Lesions Unit in the Der-

matology Department of the Hospital Clinic of Barcelona were 
included after Ethic Committee approval. Criteria for the patient 
inclusion were: patients with no personal history of MM, who ac-
cepted and signed an informed consent form explaining the com-
plete protocol, with strict photoprotection conditions during the 
study, and the extirpation of the lesion 7 days after UVB irradia-
tion. Patient exclusion criteria were: personal history of skin can-
cer or photodermatoses, phototoxic/allergic drug intake, active 
dermatoses, phototherapy or intentional photoexposure in the 
previous 3 months, or pregnancy.

  An exhaustive personal and familial history was collected in-
cluding familial malignancies, atypical mole syndrome, previous 
sun exposure and sun protection, artificial sun exposure, child-
hood sunburns, as well as clinical information about phototype, 
eyes and hair color, skin photodamage and other skin tumors 
present on physical examination.

  Two melanocytic nevi with a maximum diameter greater than 
6 mm and symmetrical in at least one axis, cleared of any suspi-
cion of malignancy or marked atypia by clinical and dermoscop-
ic examination, were selected from 2 patients.
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Table 1. Summary of studies about UVB influence on nevi

Authors Year Type of radiation Methods Main findings

Holman
et al. [25]

1983 Seasonal variation Histological description of nevi excised
in summer

Different clinical features in nevi depending on session; 
more likely to have a junctional component and inflamma-
tory response; possible short-term latency effect of UVR on 
neviArmstrong

et al. [26]
1984 Seasonal variation Clinical and histological description of 

nevi in summer

Larsen
et al. [27]

1990 Seasonal variation

Pawlowski
et al. [28]

1991 UVR influence Ultrastructural study Increased cellular metabolism and mitotic activity

Tronnier
et al. [29]

1995 2 MED UVB Histological changes 7, 14 or 21 days 
after acutely irradiated nevi

Increased in number of suprabasal and enhanced
HMB45 staining melanocytes, but no increased prolifera-
tion; after 2 weeks no significant changes were observed

Tronnier
and
Wolff [30]

1995 2 MED UVB Histological and ultrastructural findings 
in nevi 7 days after irradiation

Induced histological changes can simulate melanoma;
ultrastructural features suggested an increase in melanocytic 
metabolic activity

Stanganelli
et al. [31]

1996 Seasonal variation Clinical and dermoscopic differences
between winter and summer

Increased prevalence of black dots, pigmentation and
prominent network

Stanganelli
et al. [32]

1997 Intense sun
exposure

Clinical and dermoscopic changes in
nevi after 5–13 days of sun exposure

Dermoscopy detects subtle changes; some changes are
transient, and massive regression can be induced

Hofmann-
Wellenhof
et al. [33]

1997 UVB therapy,
suberythemal dose

Dermoscopic features in nevi of patients 
undergoing UVB therapy for a median
of 8 weeks

Unprotected nevi became more irregular and darker,
protected nevi showed no significant changes

Hofmann-
Wellenhof
et al. [34]

1998 2 MED
(UVB and UVA)

Dermoscopic changes at 3, 7, 14 and
28 days after acute irradiation

Most changes induced at 3 days; transient effects detected at 
28 days; some induced changes may suggest melanoma

Tronnier
et al. [35]

1997 1 MED UVR Adhesion molecule expression in
irradiated nevi

Upregulation of integrins in suprabasal keratinocytes;
possible association with migration of melanocytes into
epidermis

Serre
et al. [23]

1997 3 MED Locally UV-induced immuno-
suppression against topical sensitization; 
sunscreen prevention

Sunburn can impair contact hypersensitivity, and sunscreen 
use can avoid this immunosuppressive effect

Böni
et al. [36]

1998 4 MED
(UVB + UVA)

Removing lesions 7 days after UVR;
microdissection and DNA extraction
for allelic loss investigation

Acute histological changes after UVR are not followed by
allelic loss demonstrated in dysplastic nevi

Rudolph
et al. [37]

1998 2 or 4 MED Immunohistochemical staining of
proliferation and repair activity in nevi

UVB induced increased HMB45 reactivity, proliferation and 
simultaneously compensatory cell cycle regulation by means 
of p53 and p21

Tronnier
et al. [38]

2000 1 MED UVB or
mechanical irritant 
factors

Clinical and histopathological change
in nevi

Morphological and transient changes which simulate
melanoma, associated with proliferation and repair activity

Krengel
et al. [39]

2002 2 MED UVB Metalloproteinase (MP2, TIMP2,
MT1-MMP) expression in irradiated nevi

Different expression between keratinocytes and melano-
cytes, but none between irradiated and nonirradiated cases

Schiller
et al. [24]

2004 2 MED
(UVB + UVA)

Suction biopsies and calculated RNA 
(RT-PCR) and product (IHC) POMC, 
MSH, IL-10 at 3, 6, 24 h after irradiation; 
in vitro model

Topical sunscreen prevents upregulation of MSH

Carrera
et al. 
(this study)

2007 2 MED UVB Physical protection versus sunscreen
protection in nevi; 7 days after irradia-
tion, in vivo and ex vivo studies

Clinical and dermoscopic UVB-induced changes were 
avoided by sunscreen; melanocyte activation and cell prolif-
eration induced were partially avoided by skin protection

MP = Metalloproteinase; TIMP = tissue inhibitor of metalloproteinase; MT1-MMP = membrane type 1 matrix metalloproteinase; IHC = immu-
nohistochemistry; POMC = proopiomelanocortin; MSH = melanocyte-stimulating hormone; IL = interleukin.
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  Clinical criteria of the evaluated lesions were: diameter (mm), 
symmetry, colors, abrupt borders (more or less than 50%), pal-
pable or not.

  Dermoscopic criteria evaluated included: symmetry (0/1/2 
axis), polychromy (number of colors), global pattern of the lesion 
(network/globular/homogeneous/starburst/multicomponent/
nonspecific), local structures (typical/atypical network, typical/
atypical globules and dots, radial streaks, regular or irregular 
pseudopods, regular or irregular blotches, blue-white veil), re-
gression structures (white/blue-gray, extension less/more than 
50% of the surface), typical or atypical vascularization.

  Irradiation and Study Schedule 
  First Day (Day 0).  Clinical (ABCD information was collected) 

and dermoscopic images of all lesions selected were obtained by 
Dermlitephoto 3Gen *  and Nikon Coolpix 4500. The UVB MED 
was assessed in each patient by means of a Waldmann UV800 
lamp by incrementing doses for 10, 20, 30, 40, 60 and 80 s at 2.5 
mJ cm –2  s –1  on a 2-cm 2  area on the back at 20 cm distance from 
the lamp.

   Day 1.  MED determination was established after 24 h. Cover-
ing one half of each lesion with an opaque object, a unique dose 
of 2 MED UVB irradiation was applied to the other half of the le-
sions, using the same conditions as in the MED evaluation.

   Day 8.  Clinical and dermoscopic images were obtained again 
7 days after irradiation. Illumination parameters were the same 
for all cases evaluated as before irradiation.

  Tumor Processing 
 After the registration of images, 7 days after irradiation, nevi 

were removed. One half of each lesion was marked with indelible 
ink at the margin of the biopsy. A 3-mm punch biopsy was per-
formed in each lesion half to obtain a fresh sterile tissue sample to 
freeze and for further molecular investigations. The remaining le-
sion was formalin embedded for routine histopathological study.

   Immunohistochemistry.  Demonstration of different antigenic 
markers to compare the responses of each nevus half was per-
formed. HMB45 (Biogenex � , the Netherlands; prediluted without 
pretreatment) and Melan A (Dako, Denmark; 1:   50 dilution, pre-
treatment in pressure cooking with sodium citrate for antigen 
retrieval) were melanocyte activation and differentiation mark-
ers. Bcl2 (Dako, Denmark; 1:   50 dilution, pretreatment in pressure 
cooking with sodium citrate), p53 (Novocastra, Newcastle, UK; 1:  
 50 dilution, pressure cooking with sodium citrate antigen retriev-
al), p16 INK4a  (Biocare Medical � , USA; 1:   1 dilution, pretreatment 
with pressure cooking in EDTA) and Ki67 (Biogenex; prediluted, 
pressure cooking with sodium citrate antigen retrieval) were used 
as cell cycle regulation and proliferation markers. Slides were then 
incubated with Envision anti-mouse antibody (Dako, Hamburg, 
Germany) for 30–60 min and were stained with AEC substrate, 
and sections were counterstained with hematoxylin before final 
mounting. Validation of the data was made by consensus with 3 
independent investigators (C.C., J.P., D.M.). Positive and negative 
external controls were included.

  In vivo Model for the Study of the Sunscreen Effect after 
Irradiation of Melanocytic Lesions 
 Another 2 lesions from 2 different patients were included in 

this second part of the study. Two nevi were selected after having 
been cleared of any suspicion of malignancy or of marked atypia, 
by clinical or epiluminescence criteria. In this model a physical 
and chemical sun protection (SPF  1 60, COLIPA method) sun-
screen (UVB and UVA spectrum: octocrylene, titanium dioxide, 
Mexoryl SX TM , Mexoryl XL TM , Parsol 1789) was applied for 30 min 
on one half of the nevi, keeping the other half covered with an 
adhesive waterproof patch during this time. Next, irradiation of 
the whole lesion with a controlled unique dose of UVB (2 MED) 
was performed, and the complete protocol was carried out as pre-
viously described ( fig. 1 ,  2 ).

a

b c

a

b c

  Fig. 1.  Methodology: clinical ( a ) and dermoscopic ( b ) images on 
day 0.  c  Sunscreen application to one half of the lesion while the 
other half was covered for 30 min. 

  Fig. 2.  Methodology: 30 min later, clinical ( a ) and dermoscopic 
( b ) images. Note the colored sunscreen on the left side of the le-
sion.  c  Two-MED UVB irradiation of the whole lesion. 
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  Results 

 Four nevi from 4 patients were selected. They were 
randomized in each group of study as commented in the 
methodology. Two of them were enrolled in the first 
group (irradiation vs. irradiation with physical protec-
tion), while the other 2 were in the second group (irra-
diation vs. irradiation with sunscreen). Each lesion was 
its own control.

  Patient gender distribution was uniform in both 
groups (1:   1 in each one). The mean age of patients was 
33.25 years, and all of them presented atypical mole syn-
drome, with more than 100 nevi. All of them had brown 
hair and brown eye color except for one who was blue-
eyed. Fitzpatrick’s phototype was II in 3 of them and III 
in 1. The MED was 50 mJ cm –2  in 1 patient, 100 mJ cm –2  
in 2 and 150 mJ cm –2  in the last coinciding with the dark-
est phototype.

  All lesions were located on the trunk. The maximum 
diameter ranged from 6 to 10 mm.

  Basal Examination 
 Clinical examination revealed brown lesions with 

abrupt borders in 2 of them, but with no suspicion of ma-
lignancy.

  Dermoscopic examination demonstrated symmetric 
lesions (except for 1 one-axis-asymmetric lesion), all 
showed more than 1 color, and the overall predominant 
pattern was reticular. Two of them presented globules 
and dots in the periphery of the lesion (1 from each group), 
and another had irregular globules distributed along the 
lesion. The nevus which showed clinical asymmetry and 
2 colors was the same that showed dermoscopic asym-
metry in one axis and polychromy (4 colors).

  One lesion presented dotted vessels. None showed 
marked atypia or suspicion of MM.

  UVB-Induced Effect 
 In vivo Study 
  Table 2  summarizes the in vivo features observed 7 

days after UVB irradiation. Each irradiated half of the 
nevus was compared with the other half of the same le-
sion protected (physically or with a sunscreen), being its 
own control.

   Clinical Features.  Most relevant changes were: erythe-
ma   (1), pigmentation (3) and surface scaling (2). Most of 
these changes were more evident in adjacent perilesional 
skin ( fig. 3 ). No clinical change was observed in the pro-
tected areas.

Table 2. In vivo features observed 7 days after irradiation differing from baseline examination of the same
lesion

In vivo examination
7 days after UVB

Identified features Unprotected halves Protected halves

both groups
(n = 4)

group 1
(n = 2)

group 2
(n = 2)

Clinical changes Erythema 1 – –
Increased pigmentation 3 – –
Scaling 2 – –

Dermoscopic changes Increased pigmentation 2 – –
Increased localized pigment 2 – –
Blurred pigment network 3 – –
Nevus dotted vessels 1 1 –
Adjacent dotted vessels 1 1 –
Diffuse erythema 1 – –
Larger globules and dot size 2 – –
Greater globules and dot number 2 – –
White regression 2 – 1
Blue-gray regression 2 – 2

Number of lesions presenting differences: group 1 = physical protection, group 2 = sunscreen protection. 
Note that most of the features were identified only in the unprotected halves, but in some cases they were also 
observed in the protected halves.
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   Dermoscopic Findings.  Diffuse pigmentation (2), lo-
calized pigmentation (2), blurred pigment network (3), 
dotted vessels in nevus (1), dotted vessels in adjacent skin 
(1), diffuse erythema (1), changes in globules and dot size 
(2), changes in globules and dot number (2), white regres-
sion (2), blue-gray regression (2) ( fig. 4 ,  5 ).   In some cases, 
dermoscopic changes were observed both in protected 
and nonprotected areas: in 1 lesion from the first group 
(physical protection), dotted vessels appeared in the 
whole lesion in the protected area (both in nevus and
perilesional skin) and in the half without protection. An-
other lesion from group 2 (sunscreen protection) showed 
white regression in both halves (with and without sun-
screen). Two nevi from the second group developed blue 
regression in the whole lesion, with no differences be-
tween protected and nonprotected areas.

  Ex vivo Study 
 Features identified only in one of the halves, and not 

in the other part of the same lesion, were considered dif-
ferences between irradiated areas with or without pro-
tection, although it is not possible to completely rule out 
the histological asymmetry characteristic in dysplastic 
nevi.

  Detected histopathological differences were: paraker-
atotic hyperkeratosis (identified only in the halves with-
out protection, 4 nevi), increase in lentiginous melano-
cytic hyperplasia (more prominent in the halves irradi-
ated without protection), marked junctional melanocytic 
hyperplasia in nevus and normal adjacent skin (the latter 
very prominent in the halves irradiated without protec-
tion), epithelial hyperplasia, mild increase in dermal 
perivascular inflammatory infiltrates, regression, supra-
basal melanocyte invasion (notably different in the halves 

  Fig. 3.  Clinical aspect before and 7 days after irradiation. Erythema, pigmentation and scale formation are ob-
served on unprotected halves.       
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irradiated without protection) and prominent elongated 
dendrites in melanocytes ( fig. 6 ,  7 ).

  Differences in inflammatory infiltrates between irra-
diated nevi with or without protection were more evident 
in the first study group (physically protected).

  Two lesions were diagnosed as being compound mela-
nocytic nevus of the congenital type, one was diagnosed 

as a junctional melanocytic nevus with lentiginous mela-
nocytic hyperplasia and moderate architectural atypia, 
and the other was diagnosed as a compound melanocyt-
ic nevus with lentiginous melanocytic hyperplasia and 
mild architectural atypia.

  Immunohistochemical studies showed different stain-
ing between keratinocytes and melanocytes. Intensity 

a b

  Fig. 4.   a  Clinical and dermoscopic images before irradiation. Pigment network pattern with peripheral crown 
globules.  b  Seven days after irradiation. The left side was sunscreen protected. Note more global pigmentation 
and an increased number and size of crown globules (arrows) on the unprotected side compared with the sun-
screen-protected side, and compared with the preirradiation state.   

a b

  Fig. 5.   a  Clinical and dermoscopic images before irradiation. Pigment network pattern.  b  Seven days after ir-
radiation. The right side was physically protected. Note the blurred network with multiple dotted vessels in the 
unprotected area.   
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and percentage of staining for each antibody were calcu-
lated.

   HMB45 and Melan A.  Melanocytic markers were in-
tensely positive in the 4 lesions (+++ intensity and more 
than 80% of nevus cells). Melan A staining was slightly 
stronger than that of HMB45, probably due to a dermal 
component (usually HMB45 negative). The main differ-
ence between protected and unprotected halves was the 
adjacent skin, intensely stained with both antibodies in 
unprotected areas ( fig. 7 ).

   p53 Protein.  The proapoptotic protein p53 was not ex-
pressed in nevus cells, in contrast to keratinocytes from 
adjacent irradiated skin that showed scattered confluent 
positive nuclei. In 2 cases a mild increase in the mean 
number of apoptotic keratinocytes was demonstrated in 
halves irradiated without protection compared to pro-
tected halves ( fig. 8 ).

   Marker Ki67.  An elevated number of proliferating cells 
was demonstrated both in nevi and in adjacent skin. All 
cases showed a notably higher index in irradiated halves 
compared to those irradiated with protection ( fig. 8 ). 

  Bcl2 and p16.  Antiapoptotic Bcl2 protein and cell cycle 
regulator p16 protein were similar in both halves of each 
lesion. All lesions showed positive staining for both anti-
bodies, with different intensity obviously: Bcl2 was very 
weak and p16 had a very strong staining, and both only 
in nevus cells. One case was negative for Bcl2.

   Table 3  gives a summary of the histopathological ex-
amination of each nevus with the additional immunohis-
tochemical stainings.

  Discussion 

 In addition to the important role of UVR in MM 
pathogenesis, several recent studies have demonstrated 
the relevance of sun exposure in developing multiple 
nevi, especially during childhood.

  Wachsmuth et al.  [8]  have just reported the genetic 
and environmental determinants of nevi by examining 
teenage twin pairs. They concluded that nevi are mainly 
genetically determined and modulated by sun exposure. 
It is emphasized that they were not able to demonstrate 
a protective effect for either sun protection cream or 
shirt wearing, and of the 25% of nevus density variation 
attributable to environmental influences, one third was 
estimated to be due to sun exposure on hot holidays  [8] . 
Bauer et al.  [17]  in Germany did not find, in a multivari-
ate analysis, any significant protective effects of sun-
screen either, mainly because those who used a sunscreen 
spent longer periods in sunny climates. As regards Aus-
tralia, Harrison et al.  [18]  demonstrated a higher mela-
nocytic nevus count associated with more time spent 
outdoors and a history of sunburn, while sunscreen use, 
particularly during winter, appeared to have a protective 

a b

  Fig. 6.  Hematoxylin-eosin study of the protected area ( a ) and unprotected area ( b ). Parakeratotic scale (arrow), 
mild inflammatory infiltrates and a higher number of isolated junctional and suprabasal melanocytes (arrows) 
are shown in unprotected areas ( b ).  ! 100. 
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effect.   Finally, Menzies et al.  [6, 9]  demonstrated, in an 
animal model, the role of UVB in the induction of a sig-
nificant increase in nevi per animal; therefore they re-
ported the active waveband of melanocytic nevus induc-
tion being UVB near UVA2.   Unfortunately such studies 
are still lacking in our Spanish or South European popu-
lation.

  Topical photoprotection is supposed to be a suitable 
tool for avoiding UVR effects, not only in non-MM can-
cer, but both in melanomagenicity and in nevogenicity. 
This was a primary objective of our present study. Our 
model seems to be useful for testing sunscreen photopro-
tection, and even it would allow comparison of different 

kinds and brands of topical products. This could be a way 
to evaluate products by cosmetic companies, although 
probably with poor feasibility.

  Otherwise, it has been known since the 80s that UVR 
may promote changes in sun-exposed melanocytic nevi. 
Initial considerations were made by the group of Holman 
et al.  [25]  and Armstrong et al.  [26] , in 1983 and 1 year 
later, since they pointed out the histological differences 
in melanocytic nevi depending on seasonal variation. 
They described an increase in the mitotic index on mela-
nocytes (in the junctional component) and inflammation 
and regression phenomena in lesions removed during 
summer compared to winter. Other groups such as Lar-

  Fig. 7.  Immunohistochemical staining with unprotected areas on the left side and physically protected (ph-prot) 
on the right. Note again parakeratotic scale and more prominent and activated junctional and suprabasal me-
lanocytes at unprotected sites.         
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sen et al.  [27]  and Pawlowski et al.  [28]  again described 
the seasonal variation in nevi.

  The first prospective interventional study of UVR in 
melanocytic nevi was carried out by Tronnier et al.  [29, 
30]  in 1995. They demonstrated that a single dose of UVR 
can invoke histopathological changes (increase in the 
number of melanocytes and nevus cells in the suprabasal 
stratum, increase in the nuclear and cytoplasmic ratio of 
melanocytes) and immunohistochemical changes (in-
crease in the expression of HMB45). These changes were 
observed, such as in our present model, at the examina-
tion of lesions 1 week after the UVR of nevi and appar-
ently disappeared in the second and third weeks after 

 irradiation. These histopathological and immunohisto-
chemical changes have been shown to be present in MM 
in situ, and therefore UV-irradiated nevi have been con-
sidered to be simulators of MM. We could demonstrate 
similar pathological effects in our study, although we did 
not delay the excision to study the transient effects since 
all lesions were removed on day 7.

  Besides MM diagnosis, several reports have proposed 
the additional uses of dermoscopy in medicine  [40] , and 
the first dermatoscopic observation on the influence of 
UVR in nevi was performed by Stanganelli et al.  [31] . 
They pointed out the seasonal variations in the dermo-
scopic (epiluminescence microscopy) appearance of me-

  Fig. 8.  Immunohistochemical staining, with unprotected areas on the left and sunscreen-protected (SSc) ones 
on the right, showed more proliferating cells (Ki67+) and p53+ keratinocytes on the unprotected than on the 
protected side.         
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lanocytic lesions, with an increase in atypical features af-
ter sun exposure (prominent network, atypical black dots 
and depigmented areas). In 1997, the acute changes in-
duced by intense sun exposure in 11 Italian divers were 
studied. The lesions showed variations in the epilumines-
cence-microscopic findings that were similar to those of 
early MM (atypical network, atypical dots, regression 
structures, streaks). However, these changes were tran-
sient and persisted for only few weeks  [32] .

  Hofmann’s and Tronnier’s groups studied the clinical 
and dermoscopic effects of UVB on nevi in patients treat-
ed with artificial UVR suffering from psoriasis and other 
skin diseases  [33]  and on intentional 2-MED UVB-irra-
diated half-nevi  [34, 38] , similar to our current design. 
They observed significant modifications in these irradi-
ated lesions compared to nonirradiated nevi. As some of 
these lesions showed features of MM, the authors sug-
gested that the study of melanocytic nevi should be de-
layed 1 month after the last UV exposure to avoid over-
diagnosis of MM. In contrast to our preliminary results, 
they did not mention the discordance between the ab-
sence of clinical changes and the presence of dermoscop-
ic changes. In this way, we emphasize the importance of 
this finding, as it indicates the existence of more effects 

than previously expected (clinical erythema or pigmen-
tation). In our model, thanks to the correlation between 
clinical, dermatoscopic and histopathological changes, 
we observed that some cases did not present any in vivo 
UVB effect (neither clinical nor dermatoscopic); howev-
er, they could suffer melanocytic activation and supra-
basal cell migration.

  Several reports have demonstrated, by means of 
 immunohistochemical staining, the different expres-
sion of melanogenesis markers, adhesion molecules 
such as integrins and collagenasas, and cell cycle regula-
tors and proliferators, depending on UVR damage  [35, 
37, 39] .

  We used HMB45 and Melan A antibodies to demon-
strate the morphology and location of melanocytic cells, 
both within the nevi and at the periphery of the lesions, 
the latter of which had never been mentioned in previous 
studies. Melan A intensity demonstrated a more UVB-
dependent activation, while HMB45 staining did not 
 differ. Both antibodies helped us to observe larger mela-
nocytes, suprabasal cells and elongated dendrites in 
UVB-irradiated halves. In the adjacent skin, activated 
junctional melanocytes were very prominent as well. 
However, unexpectedly, some of these effects could be 

Table 3. Histopathological UVB-induced differences between irradiated (without protection) and irradiated 
halves with protection in the same lesion

Ex vivo study
7 days after UVB

 Parameters differing between both 
 halves of each lesion

Number of lesions with differences

group 1 (n = 2) group 2 (n = 2)

Histological features  Parakeratotic scale 2 2
 Epithelial HPL 2 1
M adjacent melanocytic HPL 2 2
M lentiginous melanocytic HPL 1 2
M inflammatory infiltrates 2 0
M regression – –
M suprabasal melanocytes 2 1
M elongated dendrites 1 1

Molecular expression
UVB-induced

M intensity of HMB45 – –
M HMB45+ nevus cells 1 0
M adjacent HMB45+ cells 1 2
M intensity of Melan A 1 1
M Melan A+ nevus cells – –
M adjacent Melan A+ cells 1 2
M adjacent p53+ cells 1 1
M tumoral Ki67+ cells 2 2
M adjacent Ki67+ cells 2 2

Number of lesions where these differences could be observed: group 1 = physical protection, group 2 = sun-
screen protection. HPL = Hyperplasia.
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ONLINE FIRST

STUDY

Impact of Sunscreens on Preventing UVR-Induced
Effects in Nevi

In Vivo Study Comparing Protection Using a Physical Barrier vs Sunscreen

Cristina Carrera, MD; Joan A. Puig-Butillè, BMSc; Paula Aguilera, MD; Zighereda Ogbah, BMSc;
Josep Palou, MD; Mario Lecha, MD, PhD; Josep Malvehy, MD, PhD; Susana Puig, MD, PhD

Importance: Sun damage is the most important envi-
ronmental factor associated with malignant melanoma.
To address the health threat, as well as the economic bur-
den, primary prevention and early detection are crucial.

Objective: To test the efficacy of a topical sunscreen in
the prevention of UV-induced effects in nevi.

Design: Prospective study of nevi protected by sun-
screen vs a physical barrier.

Setting and Patients: Twenty-three nevi from 20 pa-
tients attending a referral hospital.

Intervention: Half of each nevus was protected by either
a physical barrier or a sunscreen. Lesions were com-
pletely irradiated by a single dose of UV-B.

Main Outcomes and Measures: In vivo examina-
tion before and 7 days after irradiation and histopatho-
logic-immunopathologic evaluation after excision on the
seventh day.

Results: The most frequent clinical changes after UV
radiation were pigmentation, scaling, and erythema; the
most frequent dermoscopic changes were increased
globules/dots, blurred network, regression, and dotted

vessels. Both physical barrier– and sunscreen-protected
areas showed some degree of these changes. More than
30% (7) of nevi did not show any change on clinical
examination, and 18% (4) had no dermoscopic change.
Immunohistopathologic differences between the halves
of each nevus were demonstrable even when in vivo
examination detected nothing. Parakeratotic scale,
increased number and activation of superficial melano-
cytes, and keratinocyte proliferation were the most
remarkable features. The only difference between both
barriers was more enhanced melanocytic activation and
regression features in the sunscreen group. No pheno-
typic features were found to predict a specific UV-B
response.

Conclusions and Relevance: Both physical barriers
and sunscreens can partially prevent UV-B effects on
nevi. Subclinical UV radiation effects, not always associ-
ated with visible changes, can develop even after pro-
tection. Sunscreens are not quite as effective as physical
barriers in the prevention of inflammatory UV-B–
induced effects.

JAMA Dermatol.
Published online May 8, 2013.
doi:10.1001/jamadermatol.2013.398

S UN DAMAGE IS THE MOST

important environmental
factor associated with skin
cancer, which is the most
frequent type of malignant

neoplasm in humans. Malignant mela-
noma (MM) incidence has increased dra-
matically in the past decades, especially
among young women, in part related to
the tanning fashion trend.1-3 Indeed, it
poses a significant health threat, since it
is the sixth most commonly diagnosed
cancer in the United States and its care
represents a major economic burden for
health insurance systems. Therefore,

great effort in primary prevention and
early detection of MM is crucial in reduc-
ing this expense.4

Ultraviolet radiation (UVR) has been
widely demonstrated to be implicated in
nevogenesis and melanomagenesis, being
the most relevant environmental and
exogenous risk factor.5-9 Recently, for the
first time, proper sunscreen use has been
demonstrated to reduce the incidence of
MM in Australia and the United States.10

See related article
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Previously, this benefit had been proven only for solar
erythema, sunburn, actinic keratosis, and squamous cell
carcinoma development; however, it is well accepted
that basal cell carcinomas and MM seem to follow a
more complex pathway and relationship to sun expo-
sure.11,12 A beneficial effect of sunscreen use in preven-
tion of MM could not be demonstrated or quantified until
now,whenarecentprospectiveepidemiologicstudy13 docu-
mented a reduction in MM incidence among Australian
sunscreen users, and with a better prognosis because the
sunscreen group presented earlier-stage melanomas com-
pared with nonusers. On the other hand, melanocytic nevi
are considered potential MM precursors and simulators,
as well as the most important independent phenotypic risk
factor for MM development. It has been reported14 since
the 1980s that UVR may promote changes in sun-
exposed melanocytic nevi. Seasonal variation15-17 and the
influence of phototherapy have been described in nevi. Sev-
eral prospective interventional studies18 on UVR in mela-
nocytic nevi have been carried out since 1995. This issue
has been reviewed in depth in a publication19 in which the
present study model was described. Among the most re-
markable effects reported using different methodologies,
UVR can induce clinical changes, such as increased pig-
mentation, scale formation, and erythema, as well as der-
moscopic changes in pigmentation, such as globules and
dots (size and number), regression features (bluish gray
granules), blurred pigmented network, and increased vas-
cularity.16,20,21 At the histopathologic level, the most rel-
evant events are the appearance of parakeratotic hyper-
plasia; lymphocytic perivascular infiltrates; cell-cycle
activation of keratinocytes and melanocytes; activation of
melanocytes, consisting of larger nuclear and cytoplasm
size of cells; and prominent dendrites in addition to su-
prabasal location of melanocytes.22 Some of these studies
highlighted the importance of the recognition that acute
UV-B irradiation can provoke demonstrable and quanti-
fiable changes in melanocytic lesions similar to those found
in early MM.16

The first interventional model for in vivo evaluation
of the effects of UV-B irradiation on nevi and adjacent
skin, depending on the use of a physical barrier or a
commercial topical sunscreen, was developed in 2008.19

With use of this model, in the present study, the main
objective was to test the effectiveness of a topical sun-
screen in preventing the different UVR effects on nevi.
A secondary aim was to evaluate the different types of
measurable UVR effects on clinical, dermoscopic, and
histopathologic examinations depending on the differ-
ent phenotype of the patients. To the best of our knowl-
edge, this was the first prospective interventional in
vivo study of the efficacy of a topical sunscreen in pre-
venting UV-B–induced damage to melanocytic nevi and
surrounding skin.

METHODS

We recruited 20 volunteers with multiple dysplastic nevi at-
tending the Pigmented Lesions Unit in the Dermatology De-
partment of the Hospital Clinic of Barcelona. The study was
performed according to the Declaration of Helsinki prin-

ciples, and our local ethics committee reviewed and approved
the interventional protocol. Criteria for patient inclusion were
age older than 18 years, a signed informed consent form ex-
plaining the complete protocol, and adherence to strict pho-
toprotection conditions before and during the study. Patient
exclusion criteria were a history of skin cancer or photoder-
matoses, phototoxic/allergic drug intake, active dermatoses, pho-
totherapy or intentional photoexposure in the previous 3
months, immunosuppressive treatment, or pregnancy.

According to the previously published model to induce
UV-B effects on nevi by a single, double minimal erythematous
dose (2 MED) detailed by Carrera et al,19 in the present study
23 melanocytic nevi were consecutively included in 2 groups.
Criteria for selecting nevi were diameter greater than 5 mm, at
least 1 axis symmetry, and no suspicion of melanoma. In the
first group (n=14) half of each nevus was covered with a
physical opaque barrier before irradiation, whereas in the sec-
ond group (n=9), half of each nevus was protected by a topical
sunscreen (2 mg/cm2) and the remaining half was covered by a
patch to avoid diffusion of the cream. The sunscreen (broad-
spectrum protection, sun protection factor 50) contained
octocrylene, avobenzone (Parsol 1789), titanium dioxide,
ecamsul (Mexoryl SX), and Mexoryl XL and was applied 30
minutes prior to UVR. Ultraviolet-B was administered by a
lamp (UV800; Waldmann) a 2.5-mJ/cm2/s dose on a 2-cm2

skin area that was centered on the nevus and 20 cm from the
lamp.

Complete clinical patient history was recorded, including
familial history, previous photoexposure, and phenotype. Clini-
cal and dermoscopic images of the 23 nevi included were taken
using digital cameras (G7 [Canon, Inc]; and Coolpix 4500
[Nikon Corp]) and a polarized dermoscope (DermliteFoto;
3Gen). Clinical evaluation was based on clinical ABCD-E (asym-
metry, irregular borders, multiple colors, diameter �6 mm, and
evolution and enlargement), and dermoscopic study on pat-
tern analysis.23 Each in vivo feature was evaluated before and
7 days after irradiation (baseline time and final time), and fea-
tures were assessed comparing the unprotected and protected
halves of each nevus 7 days after irradiation. All lesions were
removed 7 days after UV-B, the protected half of each being
labeled. Histopathologic and immunohistochemical studies for
human melanoma black-45 antigen (HMB-45monoclonal mouse
IgG1; Dako) and for melanoma antigen recognized by T-cells
1 (Melan-A monoclonal antibody A-HU, A103; mouse IgG1;
Dako) were performed using standard methods. Semiquanti-
tative scales were established for continuous values for the in
vivo and ex vivo evaluations in a blinded manner by 2 of the 3
readers ( J.P. and S.P.). In immunostaining, intensity and per-
centage of positive cells were examined, comparing both halves
of each nevus and the adjacent skin. The scale for immuno-
staining in nevi was as follows: 0, negative or weak (�20% of
nevi cells); 1, 20% to 30%; 2, 31% to 50%; 3, 51% to 80%; 4,
greater than 80% to 100% of nevi cells. For adjacent surround-
ing skin, measurements were performed in 0.5-mm intervals
(diameter of the �40 magnification objective): 0, no positive
cells; 1, 1% to 2% of keratinocytes; 2, 3% to 5%; 3, 6% to 10%;
and 4, 11% to 20%.

Statistical analysis was carried out using commercial soft-
ware (SPSS, version 18.0; SPSS Inc). The �2 test was applied
for all category features, and the Fisher exact test was applied
if any cell value in the 2�2 table was expected to be less than
5. Mean and median values were assessed for quantitative and
semiquantitative variables and compared using a 2-tailed,
unpaired t test for dependent samples, comparing in vivo
lesions before and after UVR and unprotected vs protected
halves of the same lesion, as well for independent samples,
comparing the effects of physical barrier vs sunscreen. Signifi-
cance was considered to be P� .05.
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RESULTS

PATIENTS

There were no significant differences between the study
groups (physical barrier and sunscreen) in characteris-
tics or nevus features. Sex distribution and mean (SD)
age were similar in both groups (women, 12 [60%]; age,
36.5 [9.5] years; range, 22-55 years). Most patients had
a history of intense sun exposure, inadequate sun pro-
tection behavior, and frequent sunburns in infancy and
youth. Three patients (15%) were common sunbed us-
ers over the past years, and physical examination showed
sun-damaged skin in 15 patients (75%). Fourteen pa-
tients (70%) had fair skin type (phototype I or II). Mean
UV-B MED was 90 (27) mJ/cm2. As many as 12 patients
(60%) presented a very low UV-B MED (�50 mJ/cm2),
including 3 (50%) of those who experienced sun toler-
ance and tanning (ie, phototype III or IV). The only sig-
nificant association found between clinical features was
the intense sun-exposure history and higher number of
nevi (P� .02).

BASAL EXAMINATION OF NEVI

As inclusion criteria required, all lesions were located on
the trunk, with a minimum diameter of 5 mm and a maxi-
mum diameter of between 6 and 10 mm. All were sym-
metric on at least 1 axis to permit the division of each
into 2 similar halves. Clinical and dermoscopic exami-
nation showed variable degrees of atypia, similar to the
rest of nevi in such a population attending our unit, but
none of the lesions was suspicious for MM. There were

no significant differences between nevi characteristics in-
cluded in the 2 groups (physical vs sunscreen).

IN VIVO UV-B–INDUCED EFFECTS

Comparison Between Baseline Image of the Nevi
and 7 Days After UV-B Irradiation

Clinical Features. Clinical and dermoscopic changes in
the nevi are reported in Table 1. The most relevant
changes were the appearance of erythema (13 [57%]),
increase in pigmentation (14 [61%]), and presence of sur-
face scaling (13 [57%]) (Figure1). Most of these changes
were more evident at the periphery of the lesions. No clini-
cal change was detected in 7 cases (30%).

Dermoscopic Features. Changes observed were the ap-
pearance of diffuse pigmentation (4 nevi [17%])
(Figure 2), blurring of pigment network (Figure 3)
(12 [52%]), increase in dotted vessels in the nevus and
surrounding skin (7 [30%]), presence of diffuse ery-
thema (10 [43%]), changes in the size of globules and
dots (2 [9%]), and increase in regression structures (10
[43%]) (Figure 4 and Figure 5). Only 4 (17%) of the
lesions did not show any dermoscopic change. Two le-
sions (9% of nevi) did not present any change either clini-
cally or dermoscopically 7 days after irradiation.

COMPARISON BETWEEN BOTH HALVES
OF EACH NEVUS, 7 DAYS AFTER IRRADIATION

In a comparison between protected halves and unpro-
tected halves, regardless of the type of protection used,

Table 1. Clinical and Dermoscopic Changes Detected Among 46 Halves of the 23 Irradiated Nevi

Changes 7 Days After UVR

Overall Nevi, No. (%)
(N = 23) Statistical Significancea

Group, No. (%)

Physical Barrier
(n = 14)

Sunscreen
(n = 9)

Unprotected
Halves

Protected
Halves P Value RR (95% CI)

Unprotected
Halves

Physically
Protected

Unprotected
Halves

Sunscreen
Protected

Halves

Clinical
Increased erythema 13 (57) 1 (4) �.001 2.9 (1.7-5.0) 7 (50)b 1 (7) 6 (67)b 0
Increased pigmentation 14 (61) 1 (4) �.001 3.2 (1.8-5.6) 5 (36)b 0 9 (100)b 1 (11)
Scaling 13 (57) 0 �.001 3.3 (1.9-5.5) 7 (50)b 0 6 (67)b 0
No clinical changec 7 (30) 0 0 0 6 (43) 0 1 (11) 0

Dermoscopy
Increased pigmentation 4 (17) 1 (4) NS NS 1 (7) 0 3 (33) 1 (11)
Decreased pigmentation 2 (9) 2 (9) NS NS 2 (14) 2 (14) 0 0
Blurred pigment network 12 (52) 1 (4) �.001 2.8 (1.7-4.6) 5 (36) 1 (7) 7 (78)a 0
Increased dotted vessels 7 (30) 2 (9) �.03 1.8 (1.1-3.0) 6 (43)b 2 (14) 1 (11) 0
Increased erythema 10 (43) 6 (26) NS NS 7 (50) 5 (36) 3 (33) 1 (11)
Increased size of globules and dots 2 (9) 0 NS NS 1 (7) 0 1 (11) 0
Increased bluish gray regression 10 (43) 9 (39) NS NS 4 (29) 3 (21) 6 (67) 6 (67)
No dermoscopic changec 4 (17) 0 0 2 (14) 0 2 (22) 0
No in vivo change detectedc 2 (9) 0 0 1 (7) 0 1 (11) 0

Abbreviations: NS, not significant; RR, relative risk of appearance of each change in unprotected compared to protected halves; UVR, UV radiation.
aCategorical changes between baseline and 7 days after a double minimal erythematous dose of UV-B were analyzed by the �2 and Fisher exact tests

(unprotected vs protected halves).
bMean differences were significant within the subgroups (P � .05).
cValues given are for both halves.
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all 3 clinically evaluated features were different (P � .001).
Scale formation was observed only in the unprotected
areas; however, changes in pigmentation and erythema
could be detected in both protected and unprotected areas,
but to a lower, yet statistically significant, degree in the
protected halves (Table 1 and Figure 1).

Unexpectedly, all dermoscopic changes evaluated also
were observed in protected halves, some of them even
with no significant differences when compared with the
unprotected (Table 1) halves. In fact, the presence of re-
gression structures in both halves of the nevus appeared
in 67% of the sunscreen-protected group and in less than
30% of the physically protected group (21% of the physi-
cally protected halves vs 29% of the unprotected halves).
The increase in regression was more important in the sun-
screen group but for both the protected (P = .04) and un-
protected (P = .04) halves compared with the protected
and unprotected halves of the physical barrier group.
Other dermoscopic changes observed in the protected
halves were an increase in dotted vessels (9%) and blurred
network (4%), but these change were significantly less
than in the unprotected halves (P � .001 and P = .03, re-
spectively). Pigmentation changes (increase or de-
crease) present in 13% of the protected halves were not

significantly different compared with the unprotected
halves (Table 1).

IN VIVO CHANGES DEPENDING
ON PROTECTION

All clinical UV-induced changes were partially pre-
vented by protection in both groups. However, changes
in overall pigmentation, vascularity, and regression
structures on dermoscopy were not significantly differ-
ent between the protected and unprotected halves of
the nevi. Considering the intensity and semiquantitative
scale of these changes regarding the type of protection,
blurred network was the only change significantly pre-
vented by the sunscreen barrier (P � .008); the increase
in dotted vessels was prevented by the physical barrier
(P = .05).

EX VIVO STUDY OF EXCISED LESIONS

Histopathologic Evaluation

Diagnosis of melanocytic nevus was made in 21 of the
23 cases (91%), 12 of them (53%) with congenital-type

Post UV-B
Nonsunscreen

Post UV-B +
Sunscreen

Post UV-B
Nonphysical

Barrier

Post UV-B +
Physical
Barrier

Baseline

A B

DC
Erythema

NS

NS

NS P = .02

1.00

1.56

1.00

1.79

1.07

Post UV-B
Nonsunscreen

Post UV-B +
Sunscreen

Post UV-B
Nonphysical

Barrier

Post UV-B +
Physical
Barrier

Baseline

Pigmentation
P = .01

NS

P < .001 P = .03

1.00

2.22

1.11

1.57

1.00

Figure 1. Clinical evaluation. Clinical images demonstrate erythema (A) and pigmentation (B) of unprotected half of lesions. Both physical barrier (A) and
sunscreen (B) applied on one-half of each lesion avoided UV-B–visible changes. Semiquantitative scale at baseline and 7 days after UV radiation (C and D)
analyzed by t test for independent groups (dotted lines; physical barrier vs sunscreen) and for dependent pairs (continuous lines; unprotected vs protected). NS
indicates nonsignificant. Bottom and top edges of the boxes in the graphs (C and D) represent the 25th and 75th percentiles, respectively; horizontal line in the
box, median value; and limit lines, standard deviation.
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features (18 compound and junctural nevus), and cases
were considered as lentiginous melanocytic hyperplasia
without nesting. Two patients decided to delay the re-
moval of their nevi, and further histopathologic evalua-
tion of these 2 cases was not included in the analysis of
this series (ex vivo study was performed in 21 cases [9%]:

12 in group 1 and 9 in group 2). Architectural atypia was
present in 15 cases (71%) to a variable degree, and in 6
of these (29%), from moderate to marked. Parakeratotic
epithelial hyperplasia was observed in almost all lesions
(19 [90%]). Inflammatory infiltrate was present in 18 cases
(86%), and visible dermal vessels dilatation was ob-
served in 12 cases (57%). Regression signs were ob-
served in 8 cases (38%).

Comparison Between Protected
and Unprotected Halves

Histopathologic differences were observed between both
halves of each nevus in all cases. Differences were sta-
tistically significant in the overall sample (N = 21) and
even within each subgroup. Table2 summarizes the main
differences in unprotected vs protected areas. Features
observed to a different degree in the unprotected halves
have been assumed to be UVR-induced changes that were
prevented by protection: parakeratotic hyperkeratosis
(90% of nevi and observed only in the unprotected halves,
P � .001; odds ratio [OR], 11.5; 95% CI, 3.05-43.23),
marked lentiginous melanocytic hyperplasia (both within
the nevi and in the surrounding skin (67% of cases,
P � .001; OR, 4; 95% CI, 2.1-7.6; and 81% of cases,
P � .001; OR, 6.2; 95% CI, 2.5-15.3, respectively), su-
prabasal solitary melanocytes (52.4% of cases, P � .001;

B

D

A

C

Unprotected Physical barrier–
protected

Figure 2. Clinical and dermoscopic evaluation before (A and B) and 7 days after (C and D) UV radiation. Left half of the lesion was unprotected; the right side was
protected by a physical barrier. Clinical pigmentation and scale appeared 7 days after UV radiation only on the unprotected left half. Upon dermoscopy, increased
pigmentation and peripheral globules (arrows) appeared on the unprotected half. Scales (A and C) indicate millimeters.

Unprotected Physical barrier–protected

Figure 3. Clinical and dermoscopic evaluation 7 days after UV radiation. The
left half of the lesion was unprotected; the right side was protected by a
physical barrier. No clinical differences between the halves are visible;
however, marked erythema-dotted vessels (circles) and blurred network
appeared on the unprotected half.
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OR, 3.1 95% CI; 1.9-5.1), and prominent and elongated
melanocyte dendrites (52% of cases, P � .001; OR, 3.1;
95% CI, 1.9-5.1). Differences in superficial perivascular
inflammatory infiltrates and regression features were ob-
served but were not significant between halves of each
nevus in any of the groups.

Immunohistochemical staining for melanocytic mark-
ers (HMB-45 and Melan-A) were intensely positive in all
lesions (marked intensity and �80% of nevus cells) and
helped to quantify and demonstrate melanocytic activa-
tion (Figures 6, 7, and 8), more evident in the unpro-
tected halves (Table 2). Regarding the quantification
of HMB-45 staining in nevus cells, there was a signifi-
cant difference depending on the type of protection
(Figure 7). The physical barrier group (protected vs un-
protected halves) had a greater difference in expression
than the sunscreen group, and this also was demon-
strated when the intensity of the protected halves was
compared (P � .04). However, the quantification of stain-
ing between unprotected groups was also different,
with the expression of HMB-45 being more intense in the
physical barrier group (P � .04). On the contrary,
Melan-A in nevus cells was significantly increased in the
unprotected halves, but it also was higher in the halves
protected with sunscreen than with physical barrier
(P � .04) despite it being similar on unprotected halves.
Evaluation of adjacent peripheral areas highlighted the
differences with both antibodies that were more in-
tensely stained in unprotected areas than protected ones
(Figure 7 and Table 2).

B

A

Sunscreen protected Unprotected

Figure 5. Dermoscopic evaluation before (A) and 7 days after (B) UV
radiation. The left half of the lesion was protected by sunscreen, and the
right side was unprotected. Mild erythema was present only on surrounding
unprotected skin, but a decrease in whole pigmentation and globules
(squares) was noted in both sunscreen-protected and unprotected areas.

B

D

A

C

Unprotected Physical barrier–protected

Figure 4. Clinical and dermoscopic evaluation before (A and B) and 7 days after (C and D) UV radiation. The left half of the nevus was unprotected, and the right
side was protected by a physical barrier. Despite no clinically visible differences, dermoscopy showed mild erythema and decreased peripheral globules in both
halves. Scales (A and C) indicate millimeters.
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Figure 6. Immunohistopathologic analysis. Image of a hematoxylin-eosin–stained histologic specimen (original magnification ×100) (A) showing parakeratotic
scale and junctural melanocytic hyperplasia in unprotected areas. Melan-A immunostaining (B) (original magnification ×100) of the unprotected half enhanced the
high index of activated suprabasal melanocytes. Significant differences between protected and unprotected histopathologic features were analyzed (C and D). No
significant difference (NS) was detected between the types of protection. See the legend to Figure 1 for an explanation of the graphic elements (C and D).

Table 2. Histopathologic Evaluation; Demonstrated Differences Between Protected and Unprotected Halves of Each Nevus
in All Casesa

Type of Evaluation
Overall Nevi Unprotected,

No. (%) (n = 21)

Group, No. (%)

Physical Barrier
(n = 12)

Sunscreen
(n = 9)

Histopathology
Parakeratotic scale 19 (90.5) 11 (84.6)b 8 (88.9)b

↑ Nevus melanocytic HPL 14 (66.7) 8 (66.7)b 6 (66.7)b

↑ Adjacent melanocytic HPL 17 (81) 9 (75)b 8 (88.9)b

↑ Suprabasal melanocytes 11 (52.4) 4 (36.4) 7 (63.6)b

↑ Melanocytic dendrites 11 (52.4) 4 (36.4) 7 (63.7)b

↑ Inflammatory infiltrates 11 (52.4) 6 (50)b 5 (55.6)b

Immunostaining
↑ HMB-45� nevus cells 11 (52.4) 9 (75)b 2 (22.2)
↑ HMB-45� adjacent cells 16 (76.2) 8 (66.7)b 8 (88.9)b

↑ Melan-A� nevus cells 13 (61.9) 9 (75)b 4 (44.4)
↑ Melan-A� adjacent cells 19 (90.5) 10 (82.3)b 9 (100)b

Abbreviations: HMB-45, human melanoma black-45 antigen; HPL, hyperplasia; ↑, increase in; �, positive.
aFeatures identified in unprotected halves were assumed to be those avoided by protection, since they were considered differences between irradiated with or

without protection, although it was not possible to rule out the histologic asymmetry characteristic in dysplastic nevi. All differences observed between both
halves were significant (P � .001) by �2 test and Fisher exact correction.

bSignificant differences between protected and unprotected halves within each subgroup (ie, feature avoided by that specific protection). Despite an increase
in activation of immunostaining, there were no significant differences in the sunscreen group, that is, protected halves showed the same activation as unprotected
halves.
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DISCUSSION

The results of the present study demonstrate that both
physical barriers and sunscreens are able to decrease or
even prevent most of the UV-B–induced biological
changes in nevi and surrounding skin. However, some
UV-B–induced changes appeared in protected areas,
such as regression structures and vessels (erythema and
dotted vessels) (Figures 4 and 5). Interestingly, regres-
sion structures appeared in 75% of nevi in the sunscreen
group but in less than 30% of the lesions in the physical
barrier group. Thus, neither sunscreen nor physical bar-
rier prevented inflammation in the protected halves. At
the histopathologic level, the main difference between
the protected and unprotected halves was the presence
of activated melanocytes in the unprotected halves and
the adjacent peripheral skin, which was more intensely
stained with both antibodies in unprotected areas. Sun-
screen seems to be less effective than a physical barrier
against melanocyte activation, as evidenced by the inten-
sity and percentage of Melan-A–positive staining
(Figure 7). Despite HMB-45 staining being more acti-
vated in the sunscreen group, it was slightly higher in
both the protected and unprotected halves, so it cannot

be used as a measure for comparing the effectiveness of
protection type.

Another interesting and previously undescribed fact
is the discordance between the different presentations of
UVR effects. More than 30% of the nevi did not show any
change on clinical examination, and only 18% exhib-
ited changes on dermoscopic examination. However, in
an unexpected finding, all cases, even those without in
vivo changes, showed some difference between the pro-
tected and unprotected halves at the histopathologic level.
That is, we observed cases with no visible clinical changes
despite the presence of dermoscopic changes (Figure 4),
as well some cases (8%) with neither clinical nor der-
moscopic changes but with immunopathologic findings
related to UVR, such as parakeratotic scale, inflamma-
tory infiltrates, and melanocytic activation. Therefore, the
importance of this finding should be emphasized, as it
indicates the existence of subclinical biological effects be-
yond clinical erythema or pigmentation. In our model,
with correlation between clinical, dermoscopic, and his-
topathologic changes, we demonstrated that it is possible,
even in the absence of any clinical UV-B effect (erythema
or pigmentation changes), that melanocytic nevi could de-
velop some kind of damage.

Post UV-B
Nonsunscreen

Post UV-B +
Sunscreen

Post UV-B
Nonphysical

Barrier

Post UV-B +
Physical
Barrier

A B

DC HMB-45+ nevus cells

P < .04

P < .04

P < .04 P < .003

3.33
2.89 2.92

2.33

Post UV-B
Nonsunscreen

Post UV-B +
Sunscreen

Post UV-B
Nonphysical

Barrier

Post UV-B +
Physical
Barrier

Melan-A+ nevus cells
NS

P < .04

P < .04 P < .001

3.67

2.89

3.33

2.58

HMB-45+ unprotected HMB-45+ protected

Figure 7. Human melanoma black-45 antigen (HMB-45)–positive nevus cells (original magnification ×100) in unprotected (A) and in sunscreen-protected (B)
halves. More intense staining and marked activation of dendritic larger melanocytes were noted in unprotected areas. Significant differences were noted between
protected and unprotected halves for intensity of immunohistochemical staining (C and D). Unexpectedly, the intensity of the immunostain in sunscreen-protected
areas were higher than physically protected areas (P � .04) both for HMB-45 and Melan-A. NS indicates nonsignificant. See the legend to Figure 1 for an
explanation of the graphic elements (C and D).
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Topical sunscreens are supposed to be a suitable tool
for preventing UVR effects and are probably the best-
accepted method of photoprotection by the general, es-
pecially the younger, population.11 For the first time in
dermatology, a prospective study in Australia has dem-
onstrated that proper sunscreen use can prevent MM,13

but the biological effect of sunscreens in vivo on nevi re-
mains poorly understood. In 1989, Stierner et al24 dem-
onstrated that UV-B could promote melanocytic activa-
tion both in irradiated and in protected skin, and the
possible role of keratinocyte interaction seems to play a
crucial role. Recent studies25,26 have shown that both
opaque tape and commercial sunscreen can prevent clini-
cal and dermoscopic changes in acquired nevi exposed
to repeated equally suberythemogenic UV-B-NB and UV-
A-1 radiation. However, since the authors did not find
significant differences at the histopathologic level be-
tween nevi covered by an opaque barrier or a commer-
cial sunscreen or left unprotected, they proposed that re-
peated suberythematogenic UVR doses are not a risk factor
for the malignant transformation of nevi, since this irra-
diation does not induce changes at the cellular level. In
our model, we tested the more frequent sunbathing dose
in summer exposure (twice the erythemogenic dose), and

our nevi could be directly compared against themselves
(the previous investigators studied different nevi—ones
completely covered by a band and others by sunscreen).
In contrast to those results, histopathologic differences
between both halves were demonstrated in all cases in
our study. As previously described,27,28 chronic sun ex-
posure can promote an increase in melanocyte density
and activation in normal skin that can be misdiagnosed
as melanocytic proliferations. In view of our findings, it
should be taken into account that acute UVR also could
interfere with the appropriate surgical margin assess-
ment for melanocytic tumors.

Recently, it has been reported29 that UV-A response
in terms of genotoxicity and cyclobutane pyrimidine dim-
ers induction could be well correlated with phototype and
UV-B MED. However, on the basis of the present study,
we highlight the importance of further research, taking
into account factors in addition to clinical erythema and
pigmentation, since inflammation and regression are not
well established and could develop even in darker skin
phenotypes.

In our experience, no patient phenotype or photo-
type could be associated with a predictable or specific UVR
response. This is a possible bias, since the 20 patients stud-
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Figure 8. Images of immunohistochemical staining with Melan-A (original magnification ×40). Comparison of unprotected (A) and protected by physical barrier
(B) halves of the lesion; note the marked melanocytic activation and hyperplasia in surrounding skin (arrows). Significant differences were noted (C and D)
between protected and unprotected positive cells on surrounding adjacent skin with both immunohistochemical staining HMB-45 and Melan-A. No significant
differences (NS) were noted between types of protection. HMB-45 indicates human melanoma black-45 antigen. See the legend to Figure 1 for an explanation
of the graphic elements (C and D).
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ied herein are representative of our clinically atypical nevi
syndrome and high-risk MM population. Most of them
have dark-colored eyes and hair, with phototype II or III
but with a very low UV-B MED. Compared with other
photosensitive populations, such as those in Northern
countries or patients with photodermatosis, our sample
presented a very high UVR sensitivity. Up to 60% of pa-
tients presented a very low MED (�50 mJ/cm2), similar
to those reported in Northern European populations or
patients with photodermatoses (unpublished data from
65 consecutive photosensitive patients studied in our Pho-
tobiology Unit, January 2005 through January 2007). In
addition, the MED was significantly lower (P � .03, �2

test) compared with other control groups studied, such
as patients affected by familial multiple MM (mean [SD],
122 [29] mJ/cm2).30 Compared with a previous series on
irradiated nevi (summarized by Carrera et al19), we have
observed more intense inflammatory changes other than
darkening or other than an increase in the number and
size of globules and the network. We cannot find a re-
lationship between which lesions or patients presented
a specific change. Another limitation in our interpreta-
tion of the results is that it is not clear why the sunscreen-
protected nevi showed a higher degree of regression fea-
tures. Even though this limitation could be a consequence
of the small size of the sample, some other explanation
may be hypothesized. It could be suggested that physi-
cal barriers prevent UV damage and that immunosup-
pression and sunscreens also may protect against immu-
nosuppression but not against all UV damage inducing
inflammation and the presence of regression structures.

In conclusion, we have demonstrated for the first time
that the protective role of sunscreen in avoiding UVR-
induced effects on nevi is at least similar to a physical bar-
rier under Mediterranean summer weather conditions.

Two findings of the study were the most remarkable.
First, neither all patients nor all nevi had the same UVR
response after 2 MED UV-B irradiation. Actually, we were
not able to distinguish which patients or lesions would
be more affected by UVR. Even with no visible changes,
histopathologic examination showed some UVR-
related effects in all lesions. Thus, UVR provokes effects
other than pigmentation and erythema, sometimes not
visible in vivo. Second, not all changes after UVR were
confined to unprotected areas. Therefore, neither physi-
cal nor sunscreen protection could completely prevent
the UVR effects. Some local inflammatory effects in ad-
dition to erythema and pigmentation changes probably
could affect protected areas. There were very weak dif-
ferences between a physical barrier and sunscreen, not
enough to conclude that sunscreen creams are not effec-
tive but enough to suggest that sunscreens do not pro-
vide the same effect as a physical barrier to prevent 2 MED
UV-B irradiation in nevi.
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Tabla 2: CARACTERIZACIÓN DE PACIENTES DE LA SERIE DE 
MELANOMAS FOTOINDUCIDOS EN EXTREMIDADES 

 

PACIENTES N(%)  
GRUPO1 GRUPO2 GRUPO3 GRUPO4 Total 

16(46) 4(11) 10(29) 5(14) 35(100) 

CARACTERÍSTICAS 

POBLACIONALES 
16(100) 4(100) 10(100) 5(100) 35(100) Significancia 

Sexo 
Mujeres 15(94) 4(100) 66*(60) 4(80) 29(83) 

*p<.04 X 5,1 
Hombres 1(6) 0(0) 44*(40) 1(20) 6(17) 

Edad media (años) 44.7±14.0 40.4±14.7 49±19.3 50±8.3 46±15.4 **Ns 

Síndrome de 
nevus con atipia 

12(75) 4(100) 8(80) 2(40) 26(75) Ns 

Historia de MM 
previo 

7(44) 3(75) 6(60) 1(25) 17(49) Ns 

Seguimiento 
digital 

8(50) 4(100) 4(40) 2(40) 18(51) Ns 

MM múltiple 
previo 

2(12) 33(75)* 1(10) 0(0) 6(17) *p<.01 X10.6 

MM Familiar 6(37) 44(100)* 2(20) 2(40) 14(40) *p<.03 X6.7 

Estudio genético 8(50) 4(100) 8(80) 2(50) 21(38) Sifgnificancia 

CDKN2A  
mutado/estudiado 

4/8(50) 3/4(75) 1/7(14) 0/2(0) 8/21(38) Ns 

MC1R  

 

Alguna 
variante 

6/8(75) 3/3(100) 8/8(100) 1/1(100) 18/20(90) Ns 

Variante 
pelo-rojo 

4/8(50) 3/3(100) 5/8(62) 1/1(100) 10/20(50) Ns 

Múltiples 
variantes 

0/8(0) 2/3(66) 55/8(62)* 0/1(0) 7/20(35) *p .05 X4.4 

 

Leyenda: MC1R: gen del receptor de melanocortina. *X2 con corrección de Fisher. **T-Student 
para medias independientes.  
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TTabla 6 : CARACTERIZACIÓN CLÍNICA-DERMATOSCÓPICA DE 
MELANOMAS INCIPIENTES DE EXTREMIDADES 

 

TUMORES N(%) 

Grupo1 Grupo2 Grupo3 Grupo4 Total 

16(44) 5(14) 10(28) 5(14) 36(100) 

CARACTERÍSTICAS 
CLÍNICAS 

16(100) 5(100) 10(100) 5(100) 36(100) Signific. 

(�)FE'KF)'+��
����� >gh>PPi� fh>PPi�  , #-� fh>PPi� ��,"+-�

�k?PA��M?f�
��**� PhPi� PhPi� �,�#-.� PhPi� �, -�

11�'��='<�� >BhTAi� fh>PPi� M,M#-.� fh>PPi� +!, !-� �k?Pf��M�

*',���Q�F<'<��*��R� >hgi� PhPi� >h>Pi� PhPi� +,M-� @=�

�'7&�<@��&��'��h&&i� D?>AlP?N� B?glP?N� fl>?D� D?DlP?N� N��/*�*+� @=�

1���)@�&-F� DhAfi� AhDPi�  , #-.� BhgPi� *O,NM-� �k?Pf��B?g�

A�)�E�@�=� *+, M-.� BhgPi� BhBPi� AhDPi� +#,MO-� �k?PD��D�

CARACTERÍSTICAS 

DERMATOSCÓPICAS 
16(100) 5(100) 10(100) 5(100) 36(100) Signific. 

1���)@�&-F� #,#-.� AhDPi� N,N#-.� >hAPi�  ,+#-� �k?Pf��M�

��=�)�E�@�=� >BhTAi� BhgPi� fhfPi� DhMPi� +M,O"-� @=�

17=����A�)�E�@�=� Bh>Mi� PhPi� >h>Pi� PhPi� N,**-� @=�

&F<@+��@�<')�EF��� *N,!!-.� M,*##-.� PhPi� AhDPi� +*,M!-� �k?PP��AD�

&F<@+��E�(�EF@� >hgi� PhPi� >h>Pi� PhPi� +,M-� @=�

&F<@+��'��=��)-*')�� >hgi� PhPi� ","#-.� BhgPi� *�,�M-� �k?PP��AB�

'�<-)�E��F<-�')�� *N,!!-.� PhPi� >h>Pi� PhPi� *M,N+-� �k?PP��Af�


E+(�E�=�'@@�,�EF@�=� fhB>i� PhPi� BhBPi� PhPi� !,++-� @=�

&@�O�))'���=���@'*�@'F� DhAfi� PhPi� >h>Pi� PhPi� M,*O-� @=�

&',&��<��'@@�,�EF@� Bh>Mi� PhPi� PhPi� N,!#-.�  ,+#-� �k?P>��>f�

�F=�=����<'*�@&�=� >hgi� PhPi� ","#-.� PhPi� *#,+"-� �k?PP��AT�

*',��=����@�,@�='+�� Bh>Mi� >hAPi� >h>Pi� >hAPi� O,* -� @=�

&',&��<����@'*�E')�EF@� >hgi� PhPi� PhPi� M,*##-.� M,*O-� �k?PP>��AN�

'�<-)�E��'�?�@<'��� PhPi� PhPi� �,�#-.� PhPi� �,!-� �k?Pf��M�
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TTabla 7. CARACTERIZACIÓN HISTOPATOLÓGICA DE MELANOMAS 

INICPIENTES EN EXTREMIDADES 

 

CARACTERÍSTICAS 
HISTOPATOLÓGICAS 

Grupo 

16(100) 

Grupo2 

5(100) 

Grupo3 

10(100) 

Grupo4 

5(100) 

Total 

(n 34) 
Signific. 

Clasificación 
histológica  

MELANOMA: 

Nevoide 5 0 66* 0 11 

p<.002 

X 26.76 

Pagetoide 6* 4 1 1 12 

Lentiginoso 2 1 3 0 6 

LMM-like 0 0 0 3 3 

Nevus subyacente 2 1 2 0 5 Ns 

Asimetría arquitectural 12 3 9 4 28 Ns 

Prolif. en nidos +++ 11 5 10 1 27 P<.01 X12 

HM lentiginosa +++ 10 0 3 2 15 P<.03 X9 

Prolif. células sueltas +++ 14 4 7 3 28 Ns 

Signos de regresión 1 1 2 0 4 Ns 

Invasión pagetoide +++ 14 4 9 3 30 Ns 

Cel. grandes atípicas +++ 13 5 10 3 31 Ns 

Cel. epitelioides  +++ 10 5 8 2 25 Ns 

Prolif. vascular +++ 2 1 99* 1 13 p<.00 X15.5 

Infiltrado inflamatorio +++ 2 2 88* 0 12 p<0.1 X13.5 

Elastosis 0 0 1 33* 4 p<.01 X17 

Clark I 13 5 55* 5 28 p .02 X6.1 

Clark II 2 0 3 0 5 Nd 

Clark III 1 0 2 0 2 Nd 

Breslow medio (8 casos) 
mm 

(3) 

0.41mm 
- 

(5) 
0.56mm* 

- 
(8) 

0.50mm 
p<0.03 T2.0 
(-0.02-0.31) 

�
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ANEXO I. TABLAS COMPLEMENTARIAS 



  
Tabla 1: ESTUDIOS SOBRE EFECTOS DE RUV EN NEVUS. Adaptada y actualizada de Carrera et al. (1) 
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ANEXO II. ASPECTOS ÉTICOS�
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ONLINE FIRST

STUDY

Melanomas Detected in a Follow-up Program
Compared With Melanomas Referred
to a Melanoma Unit
Gabriel Salerni, MD; Louise Lovatto, MD; Cristina Carrera, MD; Susana Puig, MD, PhD; Josep Malvehy, MD, PhD

Objective: To compare melanomas diagnosed in pa-
tients included in follow-up programs with melanomas
diagnosed in patients referred to a melanoma unit.

Design: Retrospective analysis of 215 consecutive mela-
nomas diagnosed between 2007 and 2008.

Setting: Melanoma Unit, Hospital Clinic of Barcelona,
Barcelona, Spain.

Patients: The study included 201 patients (105 men and
96 women), 40 of whom were included in a follow-up
program in our unit and 161 of whom were referred for
evaluation.

Main Outcome Measures: Clinical (ABCD algo-
rithm), dermoscopic (ABCD rule of dermoscopy), and
main histologic characteristics were evaluated in both
groups.

Results: Most melanomas diagnosed in follow-up did
not fulfill some of the ABCD criteria, and only 12.0% ful-
filled all 4 ABCD criteria, in contrast with 63.6% of the

melanomas referred for evaluation (P� .001). The total
dermoscopy score was lower in melanomas diagnosed in
follow-up (5.04 vs. 6.39, P� .01), and 36% were mis-
classified as benign in this group according to the total
dermoscopy score. Seventy percent of melanomas diag-
nosed in follow-up were in situ; among invasive mela-
nomas, the Breslow index was significantly lower in the
group of melanomas diagnosed in follow-up, with a mean
(range) of 0.55 (0.25-0.90) mm vs 1.72 (0.25-13.00) mm
(P� .001).

Conclusions: The inclusion of patients who are at high
risk for melanoma in follow-up programs allows the de-
tection of melanomas in early stages, with good progno-
sis, even in the absence of clinical and dermoscopic fea-
tures of melanoma. In the general population without
specific surveillance, melanoma continues to be diag-
nosed at more advanced stages

Arch Dermatol.
Published online January 17, 2011.
doi:10.1001/archdermatol.2010.430

D ERMOSCOPY INCREASES

sensitivity in the clinical
diagnosis of melanoma
from 60% to 90%, with a
specificity as high as

95%.1 This increase in diagnostic accu-
racy is reflected by a minor excision rate
and a decrease in the benign to malig-
nant ratio.2 Digital dermoscopy monitor-
ing devices allow the follow-up of mela-
nocytic lesions to detect changes over time,
offering the double benefit of increasing
the possibility that melanoma will not be
overlooked with any or few specific cri-
teria of malignancy and minimizing the ex-
cision of benign lesions.3

The efforts to improve melanoma prog-
nosis have also been focused on the identi-
fication and follow-up of individuals with
increased risk. Fair-skinned persons, per-

sons who tan with difficulty, blond or red-
haired persons, and persons with blue eyes
havemoreriskofdevelopingmelanomathan
the general population.4 The presence of
many pigmented lesions, including freck-
les andclinically typicaloratypicalnevi; in-
termittentsunexposureandseveresunburns,
especially during childhood; and exposure
toartificialUV-Aradiationhaveall beenas-
sociatedwithanincreasedriskofmelanoma.
The history of a previous melanoma is as-
sociatedwithahighriskforthedevelopment
ofasecondprimarymelanoma.4Patientswith
a strong family history of melanoma and
atypicalmolesyndrome(AMS)representthe
populationofpersonswhoareatmajor risk
ofdevelopingmelanoma.Hereditarymuta-
tions in CDKN2A and CDK4 genes result in
a30%to90%riskofmelanomathroughout
life.5-7
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Biomèdiques August Pi i Sunyer
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Enfermedades Raras, Instituto
de Salud Carlos III
(Drs Carrera, Puig, and
Malvehy), Barcelona, Spain.
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The aim of our study was to assess the clinical, der-
moscopic, and histologic features of melanomas diag-
nosed in individuals included in follow-up programs in
a specialized unit (follow-up melanomas [FUMMs]) and
melanomas diagnosed in patients referred to the same unit
for evaluation of suspicious lesions (referred melano-
mas [RMMs]) but not included in a specific follow-up
program.

METHODS

We conducted a retrospective analysis of clinical and dermo-
scopic characteristics of 215 melanomas consecutively ex-
cised and diagnosed in our unit over a 2-year period. The study
included primary lesions with clinical and dermoscopic pic-
tures of acceptable quality to allow reliable evaluation. Pa-
tients who were referred to our unit with a diagnosis of mela-
noma after excision or biopsy were excluded from the study
(n=302), as were melanoma recurrences or cutaneous metas-
tases of prior melanomas (n=9).

One of us (C.C.) collected all melanomas diagnosed be-
tween January 2007 and December 2008 that met inclusion cri-
teria for the study from our database; clinical data such as age
and sex of the patients and the location and size of the lesions
were incorporated along with the clinical and dermoscopic im-
ages in a PowerPoint presentation (Microsoft Corp, Red-
mond, Washington). This collection was presented to 2 der-
matologists with experience in dermoscopy (G.S. and L.L.) who
performed both clinical and dermoscopic evaluation while
blinded to the origin of the lesions (RMM or FUMM), identity
of the patients, and histologic features of the lesions. For the
clinical evaluation of the lesions, the ABCD clinical criteria for
early detection of melanoma8 were used. The dermoscopic evalu-
ation was performed using the ABCD rule of dermoscopy pro-
posed by Stolz et al,9 which is based on the evaluation of 4 cri-
teria: asymmetry (A), abrupt borders (B), colors (C), and
differential dermoscopic structures (D). The total dermos-
copy score (TDS) was calculated in each lesion.

The global pattern classification was made according to the
subtypes proposed in the pattern analysis10 for the evaluation
of melanocytic lesions and their differentiation between be-
nign and malignant. These global patterns are reticular, globu-
lar, homogeneous, “starburst,” parallel, multicomponent, and
unspecific.

Our Melanoma Unit, which is composed of a multidisci-
plinary team, belongs to the Dermatology Department of the
Hospital Clinic of Barcelona, Barcelona, Spain. The hospital is
a tertiary and high-complexity center that provides service for
the public health system in Catalonia (population of about 7
million), where a network of melanoma centers is integrated
by main hospitals. Almost 30% of melanomas in Catalonia are
attended directly in our unit. Patients who have been exam-
ined by primary care physicians and/or area dermatologists are
referred according to a specific derivation protocol that in-
cludes filling out a referral form and a schedule of visits within
48 hours for the evaluation of highly suspicious lesions or within
2 months for their incorporation in a follow-up program once
they have been identified as high-risk individuals. The criteria
for inclusion in our follow-up program include moderate to se-
vere AMS, presence of a congenital nevus of medium to giant
size, AMS and previous melanoma, familial melanoma, pres-
ence of genetic mutations related to melanoma risk, and syn-
dromes associated with melanoma risk.

As standard practice in our unit, at every visit the patients
undergo a complete clinical examination with a handheld der-
moscope (Dermlite DL100 and Dermlite II Pro Hybrid; 3Gen

LLC, Dana Point, California).When necessary, a digital record
of atypical lesions is performed with a digital dermoscopic de-
vice (MoleMax II; Derma Medical Systems, Vienna, Austria) to
assess whether follow-up should be short, medium, or long term,
according to the judgment of the evaluator. High-risk patients
are included in a follow-up program with total-body photo-
graphs and digital dermoscopy, according to the 2-step method
previously described,11 with follow-up visits once or twice a year.
In our study, 8 and 32 patients were scheduled for follow-up
once and twice a year, respectively. Once a suspicious lesion
is identified, a high-resolution dermoscopic photograph (Derm-
lite Foto; 3Gen LLC) is taken before surgical excision.

Because this was a retrospective study and had no influ-
ence on the established clinical treatment of patients, no eth-
ics committee approval was required. Each patient’s written con-
sent was obtained for all invasive procedures.

ANALYSIS OF VARIABLES

Analysis of variables included clinical information about the
patient (sex, age at diagnosis, personal and familial history of
melanoma, nevi count, presence of AMS, skin phototype, hair
and eye color, degree of lentiginosis, presence of solar elasto-
sis, and personal history of basal cell carcinoma); clinical in-
formation about the lesion (clinical ABCD, clinical stage at di-
agnosis); dermoscopic features (ABCD rule of dermoscopy, TDS,
global pattern); and histologic characteristics (histological sub-
type, Breslow index, Clark level, association with melanocytic
nevus, and presence of ulceration).

STATISTICAL ANALYSIS

The �2 test was used to compare qualitative variables, apply-
ing Fisher correction when needed because of the small sample
size in tables of 2�2, and the t test was used to compare means.
Differences were considered to be statistically significant at
P� .05.

RESULTS

Of the melanomas diagnosed in 2007 and 2008 in our
Melanoma Unit, 215 fulfilled the inclusion criteria of the
study, 50 (23.3%) corresponded to clinical suspicious le-
sions diagnosed in follow-up in our unit (FUMMs), and
165 (76.7%) corresponded to clinically suspicious le-
sions referred for evaluation (RMMs).

POPULATION

Of the 201 patients (105 men and 96 women) who were
diagnosed as having melanoma in the study, 40 were in-
cluded in the follow-up program in our unit, and 161 were
referred for evaluation. The distribution according to sex
was homogeneous in both groups. The mean age of the
patients with FUMMs was significantly lower (49.9 years
vs 61.7 years) than that of the patients with RMMs
(P� .001).

Twenty-four patients (60%) included in the fol-
low-up were diagnosed as having melanoma before our
study began, compared with only 8 of the patients (5.0%)
who were referred to our unit (P� .001). Atypical mole
syndrome was more frequent among patients in follow-
up, who also had a higher nevi count (P� .001). Three
patients with xeroderma pigmentosum were followed up
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in our unit, and 1 patient with albinism was referred for
evaluation. No significant differences between the 2 groups
were observed in skin phototype (P=.59), hair and eye
color (P=.64), degree of lentiginosis (P=.65), presence
of solar elastosis (P=.10), or personal history of basal cell
carcinoma (P=.86). Patients in follow-up had more fam-
ily histories of melanoma and AMS than patients re-
ferred for assessment (P� .001). Data related to the study
population are summarized in Table 1.

CLINICAL EVALUATION

Most of the lesions in both groups were clinically asym-
metrical: 142 of the RMMs (86.0%) and 35 of the FUMMs
(70%) (P=.18). Irregular borders, multiple colors, and
a diameter larger than 6 mm were found more fre-
quently in RMMs than in FUMMs; these differences were
statistically significant (P=.02, P� .001, and P� .01). Only

12% of the FUMMs (n=6) fulfilled the 4 ABCD criteria,
while the number was 63.6% in the RMM group
(Table 2).

DERMOSCOPIC EVALUATION

The FUMMs were less asymmetrical than the RMMs
(P� .001), with fewer abrupt borders (P=.003) and less
variety of colors (P� .001), and they displayed fewer der-
moscopic structures (P=.002). The TDS was signifi-
cantly lower in the group of FUMMs (mean value, 5.04
vs 6.39) (P� .009). Eighteen of the FUMMs (36%) were
misclassified as benign according to the TDS value,
whereas this misclassification happened in only 11 of the
RMMs (6.6%). All these differences were statistically sig-
nificant (Table 3). In the FUMM group, 19 melano-
mas (38%) were diagnosed because of changes in digital
follow-up, since they had no specific criteria for malig-
nancy at the time of excision (Figure).

Table 1. Characteristics of the Study Population

Variable

Follow-up
Patients
(n=40)

Referred
Patients
(n=161)

P
Valuea

Sex, No. (%) .86
Male 20 (50) 85 (52.8)
Female 20 (50) 76 (47.2)

Age, mean (range), y 49.9 (23-83) 61.7 (23-95) �.001
Melanoma before
the study, No. (%)

24 (60) 8 (5) �.001

AMS, No. (%) 12 (30) 22 (13.7) �.001
Nevi count, No. (%) �.001

�50 7 (18) 99 (61.5)
50-100 12 (30) 54 (33.5)
100-200 15 (38) 7 (4.3)
�200 6 (15) 1 (0.6)

Skin phototype, No. (%) .59
I 4 (10) 15 (9.3)
II 20 (50) 68 (42.2)
III 16 (40) 78 (48.4)
IV 0 3 (1.9)
V 0 0
VI 0 0

Eye color, No. (%) .55
Blue 8 (20) 27 (16.8)
Green 3 (8) 22 (13.7)
Brown 29 (72) 112 (69.6)

Hair color, No. (%) .64
Red 0 5 (3.1)
Blonde 7 (18) 23 (14.3)
Brown 30 (75) 124 (77.0)
Black 3 (8) 9 (5.6)

Lentiginosis, No. (%) .65
No 12 (30) 64 (39.8)
Mild 18 (45) 63 (39.1)
Moderate 3 (8) 24 (14.9)
Severe 7 (18) 10 (6.2)

Solar elastosis, No. (%) 11 (28) 25 (15.5) .10
History of basal cell

carcinoma, No. (%)
18 (45) 70 (43.5) .86

Family history, No. (%) �.001
Melanoma 10 (25) 15 (9.3)
Melanoma and AMS 3 (8) 1 (0.6)
AMS 5 (12) 11 (6.8)

Abbreviation: AMS, atypical mole syndrome.
a�2 Test.

Table 2. Clinical Characteristics According
to ABCD Algorithm

Variable

No. (%)

P
Valuea

Follow-up
Melanomas

(n=50)

Referred
Melanomas

(n=165)

A, asymmetry 35 (70) 142 (86.0) .18
B, irregular borders 27 (54) 127 (76.9) .02
C, multiple colors 23 (46) 126 (76.3) �.001
D, diameter �6 mm 22 (44) 141 (85.4) �.001
A�B�C�D 6 (12) 105 (63.6) �.001

a�2 Test.

Table 3. Dermoscopic Characteristics

Variable

Follow-up
Melanomas

(n=50)

Referred
Melanomas

(n=165)
P

Valuea

ABCD rule of dermoscopy
A, asymmetryb 2.13 2.48 �.001
B, abrupt bordersb 0.37 0.53 .003
C, multiple colorsb 1.55 2.05 �.001
D, dermoscopic
structuresb

1.04 1.34 .002

TDSb 5.04 (1.70-6.70) 6.39 (2.10-8.70) .009
Classification according

to TDS, No. (%)
�.001

Benign 18 (36) 11 (6.6)
Suspicious 7 (14) 11 (6.6)
Malignant 25 (50) 143 (86.6)

Dermoscopy global
pattern, No. (%)

�.001

Multicomponent 8 (16) 103 (61.8)
Reticular 32 (64) 32 (19.4)
Unspecific 8 (16) 24 (15.4)
Starburst 0 3 (1.8)
Globular 1 (2) 3 (1.8)
Parallel 1 (2) 1 (0.6)

Abbreviation: TDS, total dermoscopy score.
a�2 Test.
bMean value.
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A B C

D E F

Figure. Examples of melanomas diagnosed in follow-up (A-C) and melanomas referred for evaluation (D-F) with their clinical (top) and dermoscopic (bottom)
images. A, In situ melanoma in an 83-year-old man with a history of personal melanoma (total dermoscopy score [TDS], 4.3). B, In situ melanoma arising on a
melanocytic nevus in a 48-year-old man (TDS, 2.6). C, In situ melanoma in a 55-year-old man with a history of melanoma (TDS, 4.7). D, Superficial spreading
melanoma, Breslow index 0.8 mm, in a 65-year-old man (TDS, 8.7). E, Superficial spreading melanoma, Breslow index 1.8 mm, in a 55-year-old man (TDS, 8.4).
F, Superficial spreading melanoma, Breslow index 1.1 mm, in an 84-year-old man (TDS, 8.3).
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In the FUMM group, the reticular pattern was the most
frequent, observed in 32 melanomas (64%), followed by
an unspecific and a multicomponent pattern in 8 cases
each (16%) and by a parallel and a globular pattern in 1
case each (2%).The starburst pattern was not observed
in the FUMM group. In the RMM group, the most fre-
quent global pattern was the multicomponent pattern,
with 102 cases (61.8%), followed by the reticular pat-
tern in 32 cases (19.3%), an unspecific pattern in 24 cases
(14.5%), the starburst and the globular pattern in 3 cases
each (1.8%), and the parallel pattern in 1 case (0.6%).
These differences were statistically significant (P� .001).

HISTOLOGIC EVALUATION

Two different dermatopathologists reviewed all the his-
topathology slides. When there was discordance be-
tween the clinical-demoscopic presumptive diagnosis and
the histopathologic report, cases were discussed in der-
matopathologic conference. A consensus diagnosis was
reached in all cases.

Among all melanomas, the most frequent histologic
subtype was the superficial spreading type, with 149 cases
(69.3%); followed by the lentigo maligna type, with 43
cases (20.0%); the acral lentiginous type, with 18 cases
(8.4%); and the nodular type, with 5 cases (3.0%). Ex-
cept for the nodular melanomas, all of which were RMMs,
the distribution of histologic subtypes in both groups was
similar, and the differences were not statistically signifi-
cant (P=.19).

Of the FUMMs, 35 (70%) were in situ, while only 46
of the RMMs (27.9%) were in situ. A significantly lower
proportion of melanomas in the FUMM group were Clark
II or III than in the RMM group, and none of the FUMMs
were Clark IV or V (P� .001). Among invasive melano-
mas, the Breslow index was significantly lower in the
FUMM group, with a mean (range) of 0.53 (0.25-0.90)
mm compared with 1.74 (0.25-13.00) mm in the RMM
group (P� .001). Histologic ulceration was observed in
23 RMMs (14.1%); none of the FUMMs were ulcerated
(P=.003). Sixteen of the RMMs (9.7%) and 10 of the
FUMMs (20%) developed in association with a preexis-
tent melanocytic nevus (P=.80) (Table 4).

CLINICAL STAGE AT DIAGNOSIS

The clinical stage of the melanomas was classified ac-
cording to the American Joint Committee on Cancer stag-
ing system.12 Of the FUMMs, 35 (70%) presented as stage
0 at diagnosis and 15 (30%) as stage IA. Of the RMMs,
46 (27.9%) presented as stage 0 at diagnosis, 62 (37.6%)
as stage IA, 21 (12.7%) as stage IB, and 18 (10.9%) as
stage II; 14 (8.5%) and 4 (2.4%) presented as stage III
and IV, respectively. These differences were statistically
significant (P� .01).

COMMENT

Over the last few decades, efforts in secondary preven-
tion of melanoma have been focused on early recogni-
tion and prompt derivation of suspicious lesions. In 1985,

the ABCD acronym was designed8 to provide simple para-
meters for the detection of suspicious pigmented skin le-
sions that might require evaluation by a specialist. The
sensibility and specificity of these criteria may vary when
they are used separately or in combination, and sensi-
tivity decreases as specificity increases.13 The addition of
E, for evolution, has substantially improved the ability
of clinicians and the general population to detect mela-
nomas at an early stage by recognizing their natural dy-
namics. The latter criterion is especially important for
the diagnosis of nodular melanoma, which frequently,
at least initially, is symmetrical, with regular borders and
few colors.14-19 The following EFG acronym has been sug-
gested for the recognition of nodular melanoma: E for
elevation, F for firm, and G for growth. Although 35 of
50 of FUMMs were clinically asymmetrical, just 27 of 50
had irregular borders, 23 had multiple colours or 22 a
diameter greater than 6 mm, and only 6 fulfilled the 4
ABCD clinical criteria, which raises the question of their
usefulness in the recognition of early malignant lesions.
In our study, 28 of the lesions in the FUMM group (56%)
had a diameter equal to or less than 6 mm, which sup-
ports the current main critique of the ABCD clinical sys-
tem by pointing out that a significant proportion of ma-
lignant melanomas may be less than 6 mm in diameter
and that they have different aspects and begin as small
lesions. No nodular melanoma was diagnosed in pa-
tients included in follow-up during the study; this may
be explained by the small sample size and the relatively
short term of follow-up, which was not sufficient to in-
clude the possibility of the occurrence of an early nodu-
lar melanoma.

The FUMMs had a lower TDS than the RMMs (5.00
vs 6.42) according to the ABCD rule of dermoscopy pro-
posed by Stolz et al,9 since they were less asymmetrical,
with fewer abrupt edges, fewer colors, and fewer dermo-
scopic structures. In our study, only 50% of the FUMMs
but almost 90% of the RMMS were correctly classified
as malignant according to the TDS value, which indi-

Table 4. Histologic Characteristics

Variable

Follow-up
Melanomas

(n=50)

Referred
Melanomas

(n=165)
P

Valuea

Histologic subtype, No. (%) .19
Superficial spreading 39 (78) 110 (66.6)
Acral lentiginous 1 (2) 17 (10.3)
Lentigo maligna 10 (20) 33 (20.0)
Nodular 0 5 (3.0)

Breslow index,
mean (range), mm

0.54 (0.25-0.90) 1.71 (0.25-13.00) �.001

Clark level, No. (%) �.001
I 35 (70) 46 (27.8)
II 6 (12) 24 (15.4)
III 9 (18) 44 (26.6)
IV 0 38 (23.0)
V 0 13 (7.8)

Ulceration, No. (%) 0 23 (13.9) .003
Arising on melanocytic
nevus, No. (%)

10 (20) 16 (9.6) .80

a�2 Test.
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cates that melanomas that are difficult to diagnose even
with dermoscopy can be detected during follow-up. Fur-
thermore, it should be noted that more than half of
FUMMs were small lesions (�6 mm in diameter); in 2001,
Pizzichetta et al20 reported that the ABCD rule did not
seem useful in managing small melanocytic skin le-
sions, in which specific criteria for melanoma might not
yet be present. Whether structured algorithms might be
more useful in the assessment of these early lesions is a
matter for further analysis.

The multicomponent pattern is defined by the com-
bination of 3 or more distinctive dermoscopic struc-
tures within a given lesion.10 This pattern was observed
in more than 60.0% of RMMs but in only 16% of FUMMs;
in the latter group, the reticular pattern was the most fre-
quent (64%). If we consider that in the patients under
surveillance malignant melanomas are diagnosed in an
early phase of tumor progression, when lesions are smaller
and display fewer structures and thus have a lower TDS
value, it is reasonable to expect that incipient lesions pre-
serve their original structures and that with tumor pro-
gression other features of malignant melanomas may ap-
pear, elevating the TDS value.

The inclusion of high-risk patients in specific digital
programs has proved to be useful as a strategy in early
melanoma detection, not only allowing the diagnosis of
lesions with a low index of suspicion but also leading to
a reduction in the biopsy rates and improving the be-
nign to malignant ratio of the excised lesions.3,21-24 Most
melanomas diagnosed in patients under surveillance in
a digital program were in situ; they were thinner among
invasive ones; and none were ulcerated. None of the 50
FUMMs required sentinel lymph node biopsy.

In a similar study held in New Zealand, Barker et al25

compared melanomas referred by general practitioners
and those identified in specialist clinics. They found 49%
in situ melanomas and a mean Breslow index of 0.57 mm
among melanomas detected at plastic surgery or derma-
tology clinics and 33% in situ melanomas and a mean
Breslow index of 1.45 mm among melanomas referred
by general practitioners. Recently, in our region, Mar-
coval et al26 conducted a study to analyze the changes in
incidence of melanoma. They found 30.94% in situ mela-
nomas and a mean Breslow index of 1.86 in the melano-
mas diagnosed between 1998 and 2006 in another tertiary-
level hospital in Catalonia; both values are very similar
to those found in the group of melanomas referred to our
unit.

Beyond the differences in personal and family his-
tory in the risk for melanoma, the mean age of patients
diagnosed as having melanoma during follow-up was sig-
nificantly lower than that of the patients referred to our
unit, a finding that could have 2 possible explanations:
first, the presence of high risk for melanoma could be
associated with the occurrence of melanoma at an ear-
lier age, and second, surveillance aids in the the early di-
agnosis of melanoma, when the patients are younger and
the lesions are diagnosed at initial stages.

Our study does not lack limitations because lesions
referred for assessment in our unit were suspicious enough
to justify their derivation. Furthermore, an inestimable
number of melanomas might not have been referred be-

cause they were not clinically or dermoscopically sug-
gestive of melanoma or because they were thin melano-
mas that were excised without derivation to a referral
center. The age of the 2 groups was not equal; it was higher
in the RMM group, which could also make a difference
in the 2 population groups.

The present study shows the increasing trend in the
diagnosis of thin melanomas in our population. This in-
crease is attributable to the early recognition and iden-
tification of high-risk individuals. Otherwise, those mela-
nomas will evolve and will be diagnosed as thick and
evolved lesions, with positive ABCD clinical criteria.

The inclusion of patients who are high risk for mela-
noma in follow-up programs allows the detection of mela-
nomas in early stages, with good prognosis, even in the
absence of clinical and dermoscopic features of mela-
noma. In the general population without specific sur-
veillance, melanoma continues to be diagnosed at more
advanced stages. Our findings suggest that current ef-
forts in public and medical education might have no sub-
stantial effect in this group. Further strategies and edu-
cational programs may be needed to improve the early
detection of these lesions. We believe that high-risk in-
dividuals, whenever proper resources are available, should
be referred to melanoma centers or qualified institu-
tions for regular follow-up.
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ORIGINAL ARTICLE

Benefits of total body photography and digital
dermatoscopy (‘‘two-step method of digital follow-up’’)

in the early diagnosis of melanoma in patients at
high risk for melanoma

Gabriel Salerni, MD,a Cristina Carrera, MD,a,b Louise Lovatto, MD,a Joan Anton Puig-Butille, PhD,b

Celia Badenas, PhD,b,c Estel Plana,d Susana Puig, MD, PhD,a,b and Josep Malvehy, MD, PhDa,b

Barcelona, Spain

Background: Early detection of melanoma is the best way to improve prognosis. Digital follow-up (DFU)
programs of populations at high risk could be an efficient strategy for detecting early melanomas with low
morbidity.

Objective: We sought to report the added value of the use of the ‘‘two-step method’’ (digital total body
photography and digital dermatoscopy).

Methods: This was an analysis of the surveillance of 618 patients at high risk for melanoma included in our
DFU program from 1999 to 2008.

Results: A total of 11,396 lesions were monitored (mean 18.44/patient) during a median follow-up of 96
months (median 10 visits/patient). A total of 1152 lesions, 1.86 per patient, were excised. Almost 70% (798)
were lesions previously registered at least twice, whereas 356 (30%) were detected and removed in the
same visit. During follow-up, 98 melanomas (8.5% of excised lesions) were diagnosed in 78 patients
(12.6%). In all, 53 melanomas were in situ (53.3%), whereas invasive (45) showed a Breslow index of less
than 1 mm (median 0.5 mm) and none were ulcerated.

Limitations: Because there are no control groups we cannot determine if the combined use of total body
photography and digital dermatoscopy is more beneficial than these techniques used separately.

Conclusion: DFU with total body photography and dermatoscopy in a selected population at high risk
demonstrated the early detection of melanomas with a low rate of excisions. Long-term follow-up is
required to allow the detection of slow-growing melanomas. Based on our 10-year experience, melanomas
can be diagnosed at any time, suggesting that in a population at high risk for melanoma, DFU should be
maintained over time. ( J Am Acad Dermatol 10.1016/j.jaad.2011.04.008.)

Key words: atypical mole syndrome; dermatoscopy; follow-up; imaging techniques; malignant melanoma;
outcome.
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Malignant melanoma (MM) may be clinically and
dermatoscopically indistinguishable from melano-
cytic nevi making early recognition a diagnostic chal-
lenge, especially in incipient lesions.1 Dermatoscopic
documentation of melanocytic lesions for the com-
parison of current and previous images in search of
subtle changes over time, known as digital follow-up
(DFU), has been shown to be
helpful in the diagnosis of
early melanomas for which
specific criteria for MM may
not yet be present.2

The use of baseline re-
gional photographs, namely
total body photography
(TBP), might facilitate the de-
tection of new lesions, and
visual changes in pre-existing
lesions, by providing a com-
parative reference point of
areas of skin for subsequent
examinations.3 Nevertheless,
it has been suggested that a
screening strategy focused
solely on atypical nevi will
likely misdiagnose MM pre-
senting as new lesions or
corresponding to lesions not considered adequate
for DFU.4

The combined use of TBP and digital dermatos-
copy, called the ‘‘two-step method’’ of DFU,5 has
been proposed by our group as an approach for the
assessment of individuals at high risk, being poten-
tially more accurate than the two strategies
separately.

This study aims to report our 10-year experience
at the Melanoma Unit of Hospital Clinic of Barcelona,
Spain, using the latter approach in the prospective
follow-up of patients at high risk for melanoma
included in our specific surveillance program. Our
study not only endorses findings from other working
groups but also shows new and relevant data derived
from the long follow-up period, which is more than
twice as long as that reported in previous studies,6,7

of a cohort of more than 600 individuals with more
than 11,000 lesions evaluated.

METHODS
Study population

A total of 629 patients included in the surveillance
program with TBP and digital dermatoscopy at the
Melanoma Unit of Hospital Clinic of Barcelona,
Spain, were followed up between January 1999
and December 2008.

The criteria for patient inclusion in our follow-up
program include: moderate to severe atypical mole
syndrome (AMS) (defined by[100 nevi and/or[10
clinically atypical according to ABCD criteria, and/or
any histologically dysplastic nevi), personal and/or
familial history of MM, carriers of high susceptibility
for MM gene mutations, and other cancer risk condi-

tions, ie, presence of congen-
ital nevus of medium to giant
size, immunosuppression, or
genodermatosis (eg, xero-
derma pigmentosum, Gorlin-
Goltz syndrome) associated or
not to AMS.

Patients included in this
analysis should have at least
two follow-up visits with a
minimum of 12 months of
surveillance. A total of 11 pa-
tients were initially excluded
because they did not fulfill
these criteria in follow-up.

The study was conducted
according to the Declaration
of Helsinki and with institu-
tional approval. Patient’s
written consent was ob-

tained for all invasive procedures.

Examination procedure: Baseline and follow-
up registries

In the first visit, a complete clinical history was
recorded, including familial history, previous ex-
cised melanocytic lesions, and other MM-associated
risk factors.

The baseline DFU examination consisted of two
steps: the first step, total body mapping, for clinical
examination of the patient and total body mapping
with digital images; and the second step, digital
dermatoscopy, for clinical and dermatoscopic exam-
ination in real time of all individual lesions. Digital
storage of dermatoscopy images of each lesion
showing atypical features was performed. Total
body mapping standardized registry was made
according to the two-stepmethod of DFU5 published
by our group.

The follow-up examination included: the first step
(total body mapping) for comparison of total body
images with previous registries to detect any changes
in shape, color, or surface eventually occurring in
any pigmented skin lesions, and for identification of
new lesions, and the second step (digital dermatos-
copy follow-up), for dermatoscopic comparison and
storage of lesions with atypical features, and for the

CAPSULE SUMMARY

d Digital dermatoscopy follow-up is the
most reliable and efficient approach to
detect incipient melanoma.

d The combined use of total body
photography and digital dermatoscopy
(two-step method of digital follow-up)
allows the detection of melanomas in
early stages with a significant reduction
of excisions.

d Long-term follow-up is required to allow
the detection of slow-growing
melanomas. In a population at high risk,
digital follow-up should be maintained
over time.
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clinical and dermatoscopic examination of eventual
new lesions not previously registered.

Follow-up visits performing only the second step,
digital dermatoscopy follow-up, with no registries of
total body mapping were eventually made in the
surveillance of selected patients with low or moder-
ate risk, or for monitoring the progress of specific
lesions.

Every examination was performed by an expert in
dermatoscopy for a total time of 30 to 45 minutes per
patient. Images were obtained using a standardized
digital system (MoleMax, Derma Instruments,
Vienna, Austria). Patients were scheduled for
follow-up in 3, 6, or 12 months according to the
judgment of the professional who performed the
evaluation. Short-term follow-up (3 months) was
considered for individual suspicious melanocytic
lesions that did not satisfy the dermatoscopic criteria
for the diagnosis of melanoma, whereas medium-
and long-term follow-up (6 and 12 months) was
considered for the surveillance of patients with high
or moderate risk, respectively, according to inclusion
criteria.

Inclusion criteria for melanocytic lesions to
DFU

Melanocytic lesions with atypical clinical or der-
matoscopic features were stored on the digital sys-
tem. Lesions with clear-cut dermatoscopic features
of MM (as described in pattern analysis,8 the ABCD
rule of dermatoscopy,9 or the 7-point checklist10)
were not registered for follow-up, nor were lesions
with definite dermatoscopic features suggestive of
benign nevi. Lesions remitted for excision just after
our first examinations were excluded from this
analysis because they were not part of the follow-
up; 16 MMs were detected in 14 patients in the initial
visit.

Lesions considered for excision and
histopathological study

Any lesion showing the following changes de-
tected by digital dermatoscopy was excised and
histopathologically diagnosed: (1) asymmetric en-
largement in size; (2) changes in dermatoscopic
structures (variation in shape; expansion or decrease
of pigment network; variation in the distribution or

number of dots/globules; modification of depig-
mented areas or regression structures; appearance
of streaks, scarlike areas, blue-whitish veil, and
atypical vessels); (3) increase in the number of
colors; (4) regression features affecting more than
50% of the lesion; and (5) focal pigment modifica-
tions. All new or not previously registered lesions
observed during follow-up and exhibiting atypical
features but no criteria for MM were registered and
included in follow-up; lesions displaying criteria for
MM were removed.

In all, 22 benign lesions were removed because of
practical or aesthetic criteria according to either the
patient’s or physician’s judgment. Because they were
not suggestive of atypical melanocytic lesion or MM
and therefore, not part of the follow-up, they were
excluded from the study. All these lesions were
confirmed histopathologically as benign lesions.

Histopathology procedure
All lesions removed were step-sectioned and

processed for standard histopathological examina-
tion. Conventional hematoxylin-eosin staining and
immunohistochemistry (Melan A, human melanoma
black 45, Ki67) were performed in lesions that were
removed, and whenever it was considered necessary
by two pathologists. Histology criteria of atypia were
reported according to the National Institutes of
Health Consensus Conference (1992).

Genetic testing
Genetic studies were performed after informed

consent and proper genetic counseling in patients
with history of multiple primary and/or familial
multiple MM. Exons 1alfa, 1beta, 2, 3; intronic
change IVS2-105 and e34G[T at the CDKN2A pro-
moter region, and Exon 2 from CDK4 were studied
by PCR-SSCP analysis and sequencing. MC1R was
studied by direct sequencing as previously
reported.11

Compliance
Patient’s compliance was assessed according to

the continuity in the follow-up program. Patients
who were excluded from the program and contin-
ued with clinical and dermatoscopic examination,
left the program, or died were identified.

Statistical analysis
Bivariate analysis was performed to assess differ-

ences in patients who were given the diagnosis of
melanoma during follow-up and those who were
not; the x2 test was used for the comparison of
qualitative variables, applying Fisher correction ac-
cording to the sample sizes’ need in tables of 2 3 2

Abbreviations used:

AMS: atypical mole syndrome
DFU: digital follow-up
MM: malignant melanoma
TBP: total body photography
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and the Student t test was used to compare means of
the quantitative variables. Differences were consid-
ered to be statistically significant when P was less
than .05. Multivariable logistic regression analysis
was used to obtain the odds ratio using the forward
approach, including in the model one by one those
variables with P less than .2 in the bivariate analysis.

RESULTS
The surveillance program cohort consisted of 618

patients with amean age of 37 years (mean SD6 13.3
years) at time of inclusion in the program; 45.5%were
men. According to inclusion criteria, the vast majority
of the patients (n = 556) hadAMS and only 7.1 (n = 44)
had less than 50 nevi associated to other high-risk
conditions. Of the patients, 277 had a personal
history of MM, including 73 with a history of multiple
primary MMs, before the beginning of the study; 8
patients with giant congenital melanocytic nevus and
3 patients affected with xeroderma pigmentosum
were followed up in our unit. Almost one third of the
patients (n = 178) also had a familial history of MM.
Descriptive data regarding nevi count, skin photo-
type, eye and hair color, lentiginosis, and the pres-
ence of genetic mutations are shown in Table I.

Patients were followed up for a median of 96
months (range 13-120 months). During 10 years of
follow-up, 6149 visits (4155 with TBP and digital
dermatoscopy and 1994 with digital dermatoscopy
only) were performed. Each patient was evaluated a
median of 10 times (range 2-22) during the course of
the study, a median of 7 visits (range 2-17) with TBP
and digital dermatoscopy, and a median of 3 inter-
mediate visits (range 0-11) only with digital derma-
toscopy. During the study, 78,070 body maps (mean
126.3/patient, range 9-410) and 88,283 digital der-
matoscopy images (mean 142.9/patient, range 6-
726) were stored.

A total of 11,396 lesions were followed up, a mean
of 18.44 per patient (1-60). Among those, 1152
lesions, a mean of 1.86 lesions per patient, were
excised and remitted for histopathological assess-
ment during the study. In 211 patients no excision
was required and in 149 only one lesion was excised
in 10 years of follow-up. So, in almost 60% of the
cohort, none or only one lesion required excision. In
contrast, only 7 patients required 10 or more exci-
sions during surveillance, but they corresponded to
patients with personal history of multiple primary
MM and familial MM, CDKN2Amutations carriers, or
patients affected with xeroderma pigmentosum.

Among lesions excised during follow-up, 779
(67.6%) corresponded to lesions previously regis-
tered and under surveillance, and 373 (32.4%)
corresponded to lesions detected in the visits, which

were new or, being already present, were not pre-
viously counted for register in DFU.
Histopathological diagnosis of melanocytic and non-
melanocytic lesions (initially assumed as melano-
cytic and thus, registered for DFU) excised in both
groups is shown in Fig 1.

During DFU, 98 melanomas (8.5% of excised
lesions, benign/MM ratio 10.7:1) were detected in

Table I. Descriptive data of population

Age at inclusion, y 37 (mean SD 6 13.3)
Gender
Male 281 (45.5%)
Female 337 (54.5%)

Personal history at inclusion
Melanoma 28 (4.53%)
Melanoma and AMS 245 (39.64%)
AMS 311 (50.32%)
Xeroderma pigmentosum
(all with previous MM)

3 (0.5%)

Giant congenital nevus
(1 with previous MM)

8 (1.29%)

Others (eg, only familial history
of MM, Gorlin-Goltz syndrome)

23 (3.72%)

Nevi count
\50 44 (7.11%)
50-100 218 (35.30%)
100-200 241 (38.99%)
[200 115 (18.60%)

Phototype
I 19 (3.1%)
II 249 (40.3%)
III 327 (52.9%)
IV 23 (3.7%)
V 0
VI 0

Eyes color
Blue 80 (12.9%)
Green 76 (12.3%)
Brown 445 (72.0%)
Black 17 (2.8%)

Hair color
Red 26 (4.2%)
Blonde 84 (13.6%)
Brown 463 (74.9%)
Black 45 (7.3%)

Lentiginoses
Mild 209 (33.8%)
Moderate 97 (15.7%)
Severe 72 (11.7%)
No 240 (38.8%)

CDKN2A mutation 39 (11.5% of studied)
MC1R polymorphism 163 (75.1% of studied)
V60L 42
V92M 17
R151C 28

AMS, Atypical mole syndrome; MM, malignant melanoma.
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78 patients; 60 MMs corresponded to monitored
lesions (7.7% of registered lesions, benign/MM ratio
11.9:1) (Fig 2) and 38 to lesions with no previous
digital record (10.2% of new or unregistered lesions,
benign/MM ratio 8.8:1) (Fig 3). MMs detected as a
result of changes in digital dermatoscopy required
a median of 4 (range 2-15) consecutive controls and
a mean follow-up time of 23.9 months (range 1-77
months); of these, 16 arose in a previous nevus, but
44 did not show any evidence of a pre-existing nevus
upon histopathology.

Histopathologically, 53 MMs were in situ (53.3%);
among invasive MMs, the median Breslow index was
0.5 mm (mean 0.62 mm) and no MM detected during
follow-upwas thicker than 1mmor ulcerated, that is,
all invasive MMs were staged in IA (American Joint
Committee on Cancer 2009).

A total of 1015 melanocytic nevi were excised
during the study, almost half with some degree
of histologic atypia (18.7% mild, 23.8% moderate,
and 6% severe). On histologic examination, 45.4%

exhibited regression, inflammatory changes, Sutton
phenomenon, or fibrosis that could explain derma-
toscopic changes during monitoring.

During follow-up, 78 patients, 12.6% of the co-
hort, were given the diagnosis of MM. Patients given
the diagnosis of MM during DFU were more fre-
quently men (P = .02), who were older at the
beginning of the study (P \ .001), with a higher
number of lesions monitored (P\.001), and a higher
number of lesions excised during DFU than those
who were not given the diagnosis of MM; no signif-
icant differences in length of follow-up between the
two groups were observed. History of MM and
multiple MM was more frequent among patients
given the diagnosis of MM during surveillance (P\
.001 and = .003, respectively), but no significant differ-
ences were found regarding the number of MM
before the start. No statistically significant differences
were found considering the nevi count in the
4 pre-established categories (\50, 50-100, 100-200,
and [200), but patients with more than 100 nevi

Lesions excised during the study
N=1,152

Lesions monitored 
N=779 (67.6% of excised)*

New lesions or with no previous record 
N=373 (32.4% of excised)

38 melanomas (10.2%)
311 melanocytic nevi (83.4%)
9 seborrheic keratoses (2.4%)

7 actinic keratoses (1.9%)
4 solar lentigo (1.1%)

4 dermatofibromas (1.1%)

60 melanomas (7.7%)
705 melanocytic nevi (90. 5%)
7 seborrheic keratoses (0.9%)

2 actinic keratoses (0.2%)
3 solar lentigo (0.3%)

1 dermatofibroma (0.1%)
1 basal cell carcinoma (0.1%)

Melanoma: Benign ratio
1:11.9

Melanoma: Benign ratio
1: 8.8

98 melanomas (8.5% of excised)
Melanoma: Benign ratio

1: 10.75

Fig 1. Lesions excised during study. *Corresponded to 6.8% of all monitored lesions.
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were more frequently given the diagnosis of MM
than those with less than 100 nevi (P = .007). As
expected, patients with AMS had more MM during
follow-up than those without AMS, but differences
were not significant (P = .636). No significant differ-
enceswere found regarding skin phototype, presence
and degree of lentiginosis, and presence of CDKN2A
mutation between the two groups (Table II).

In the multivariable logistic regression analysis
(Table III), older age at inclusion and higher number
of lesions excised during follow-up were the varia-
bles more associated with melanoma diagnosis dur-
ing DFU (P = .003 and \.001, respectively); male
gender, previous melanoma, or the presence of
CDKN2A mutation were also associated with mela-
noma during follow-up but differences were not
statistically significant. Skin phototype IV and no
indication of CDKN2A mutation analysis were asso-
ciated with a lower risk of melanoma during
follow-up (P = .033 and \.001, respectively); skin
phototype II and III were associatedwith a lower risk

of melanoma than type I, but no statistically signif-
icant differences were observed (P = .123 and = .423,
respectively).

Regarding DFU compliance, 519 (84.1%) patients
continue under surveillance in the follow-up pro-
gram, 47 (7.6%) were excluded from the program
and continue clinical and dermatoscopic examina-
tions in our unit, 38 patients (6.1%) left the program
or were referred to dermatologic follow-up at an-
other center, and 14 patients (2.2%) died, 12 because
of MM progression, one as a consequence of a heart
attack, and one related to Duchenne muscular dys-
trophy progression.

DISCUSSION
Various strategies have been suggested for MM

detection in patients at high risk, such as skin self-
examination,12,13 total cutaneous examination,14 and
the use of TBP3,15-19 and dermatoscopy.20,21 It has
been well demonstrated that clinical examination is
inaccurate for the diagnosis of incipient MM22

Fig 2. In situ melanoma developed over melanocytic nevus in 23-year-old patient, with
personal and familial history of melanoma, given diagnosis as result of changes in digital
follow-up. Body mapping images displaying no clinical change (A and B) and dermatoscopy
records in chronological order until excision after 29 months and 7 visits of follow-up (C to I).
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whereas dermatoscopy has been shown to improve
the diagnostic accuracy of nearly all cutaneous
tumors including melanoma.20,21,23

During the last few years, increasing evidence has
accumulated in favor of digital dermatoscopy for the
follow-up of atypical melanocytic lesions.2,6,7,24-30

DFU has proven to be useful in the surveillance of
populations at high risk by providing the double
benefit of not overlooking MM with few dermato-
scopic criteria while minimizing the excision of
benign lesions (Table IV).2

Because dermatoscopy is not 100% accurate, a
certain percentage of suspicious but benign lesions
have to be excised to not miss MM. In our study, less
than two lesions per patient were excised during a
median of 8 years of surveillance with a global
MM/benign ratio of 1:10.7 and a MM detection rate
of 8.5%, endorsing the fact that DFU is both an
efficient and effective strategy for early MM detection
in patients at high risk.

The detection of new or clinically changing
melanocytic lesions in a population at high risk for
melanoma is difficult and almost impossible in
patients with a high nevi count unless TBP is avail-
able for comparison. Furthermore, it is well known
that MM often develops de novo in clinically normal-
appearing skin rather than in pre-existing melano-
cytic nevus.31

The two-step method of DFU, routinely used in
our unit in the surveillance of patients at high risk for
melanoma, consists of the combined performance of
TBP and digital dermatoscopy in every visit.5 We
believe that our protocol represents amore complete
surveillance approach than those from other work-
ing groups, in which DFU is solely focused on digital
dermatoscopy of registered lesions. On the other
hand, in protocols of digital dermatoscopy in which
TBP is performed, body maps are only registered in
the first visits, and in subsequent controls body
surface is simply compared with overview images.

Fig 3. Superficial spreading malignant melanoma, Breslow 0.5 mm, Clark level III, detected as
new lesion during total body mapping comparison in abdomen of 48-year-old man, carrier of
CDKN2A mutation, with history of personal melanoma and familial melanoma and atypical
mole syndrome. Body mapping records showing appearance of lesion (A to G), clinically
symmetric and with regular borders. Dermatoscopy image (H) showing atypical pigment
network, inverted pigment network, and bluish hue.
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Table II. Differences between patients who were and were not given diagnosis of malignant melanoma during
follow-up

MM during follow-up

P value OR (95% CI)

No (N = 540) Yes (N = 78)

n % n %

Sex .020
Female 304 56.3 33 42.3 1.00 (Reference)
Male 236 43.7 45 57.7 1.76 (1.09-2.84)

Age at inclusion, y .001
0-20 51 9.4 5 6.4 1.00 (Reference)
21-40 295 54.6 31 39.7 1.07 (0.40-2.89)
41-60 171 31.7 31 39.7 1.85 (0.68-5.00)
[60 23 4.3 11 14.1 4.88 (1.52-15.66)

AMS .636
No 53 9.8 9 11.5 1.00 (Reference)
Yes 487 90.2 69 88.5 0.83 (0.39-1.77)

Previous melanoma \.001
No 317 58.7 24 30.8 1.00 (Reference)
Yes 223 41.3 54 69.2 3.20 (1.92-5.33)

Previous multiple melanoma .003
No 484 89.6 61 78.2 1.00 (Reference)
Yes 56 10.4 17 21.8 2.41 (1.32-4.41)

No. of melanoma previous to beginning .070
1 165 74.3 37 68.5 1.00 (Reference)
2 49 22.1 10 18.5 0.91 (0.42-1.96)
3 5 2.3 3 5.6 2.68 (0.61-11.70)
4 2 0.9 2 3.7 4.46 (0.61-32.69)
5 1 0.5 2 3.7 8.92 (0.79-100.98)

Nevi count .058
\50 40 7.4 4 5.1 1.00 (Reference)
50-100 200 37.0 18 23.1 0.90 (0.29-2.80)
100-200 204 37.8 37 47.4 1.81 (0.61-5.37)
[200 96 17.8 19 24.4 1.98 (0.63-6.19)

[100 Nevi .007
No 240 44.4 22 28.2 1.00 (Reference)
Yes 300 55.6 56 71.8 2.04 (1.21-3.43)

Phototype .422
I 15 2.8 4 5.1 1.00 (Reference)
II 219 40.6 30 38.5 0.51 (0.16-1.65)
III 284 52.6 43 55.1 0.57 (0.18-1.79)
IV 22 4.1 1 1.3 0.17 (0.02-1.68)

Phototype .966
I-II 234 43.3 34 43.6 1.00 (Reference)
III-IV 306 56.7 44 56.4 0.99 (0.61-1.60)

Lentigines .286
No 214 39.6 26 33.3 1.00 (Reference)
Yes 326 60.4 52 66.7 1.31 (0.80-2.17)

Excised lesions \.001
0 211 39.1 0 0.0 e e
1 135 25.0 14 18.0 1.00 (Reference)
2 70 13.0 14 18.0 1.93 (0.87-4.27)
3 50 9.3 14 18.0 2.70 (1.20-6.06)
4 35 6.5 9 11.5 2.48 (0.99-6.20)
5 15 2.8 5 6.4 3.21 (1.02-10.17)
6 10 1.9 7 9.0 6.75 (2.22-20.52)
$ 7 14 2.6 15 19.2 10.33 (4.15-25.74)

CDKN2A \.001

Continued
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Already in 2007, Fuller et al4 highlighted that it is
unclear in most previous studies whether any MMs
were missed because they either presented as new
lesions or arose from nevi that were not monitored
by dermatoscopy, because the total number of MM
occurring in those patients was not reported. In the
latter study, only one MM was detected by DFU of 6
MMs detected during a median of 22 months; with a
MM/benign lesion ratio of 1:94 and 1:34.4 among
lesions with and without previous dermatoscopy
record, respectively. In our study, nearly 40% of MMs
detected during follow-up corresponded to lesions
that were not previously recorded, either because
they were newly assessed by TBP or, being already
present, they were not atypical, and hence not

included for follow-up. MM/benign ratio was, as in
the study of Fuller et al,4 lower among lesions with
no previous dermatoscopy record (1:8.8 vs 1:11.9).

The 10-year experience in follow-up of patients at
increased risk for MM reported by Haenssle et al6,7

deserves special attention. As seen in Table IV,
general data concerning number of patients, lesions
monitored, percentage of lesions excised, malig-
nant/benign ratio, and patients given the diagnosis
of MM during the study are remarkably similar to our
study. Nevertheless, some differences are clear: first,
our median follow-up of 96 months (8 years) is more
than twice as long, providing more consistent data in
terms of long-term follow-up; and second, unlike
their study, we decided not to include lesions excised
in the first visit examinations, as they were not part of
the follow-up, leaving 16MMs of the current analysis.
Haenssle et al6,7 found a higher number of MMs in
their study (127); if we exclude 40 MMs, which they
report to have diagnosed after the first examination,
that would leave 87 MMs detected during follow-up,
which is more similar to our experience. Another
interesting difference is the percentage of MMs
detected as a result of dynamic changes during
DFU, which is 36.7% (32/87) in their experience
but 61.2% (60/98) in ours. No further conclusion can
bemade because the populations are not equivalent.

Recently, Argenziano et al32 reported that MMmay
grow slowly and thus changes can only be seen after
long-term follow-up. According to this, we report
follow-up as long as 77 months until excision, being
almost half of the MM followed up for more than 2
years until showing some significant change in initially
featureless lesions. Two findings require special at-
tention; first, 75% of MMs with more than 2 years of
follow-up before excision were in situ; and second,
almost 65% of MM that required more than 2 years of
follow-up showed no pre-existing nevus upon histo-
pathological examination (data not shown). These

Table II. Cont’d

MM during follow-up

P value OR (95% CI)

No (N = 540) Yes (N = 78)

n % n %

Negative 239 44.3 61 78.2 1.00 (Reference)
Not performed 272 50.4 7 9.0 0.10 (0.05-0.22)
Positive 29 5.4 10 12.8 1.35 (0.62-2.92)

Mean (SD) Mean (SD) P value OR (95% CI)

Age at inclusion, y 36.2 (12.8) 42.4 (15.5) \.001 1.03 (1.02-1.05)
No. of controlled lesions 17.6 (8.2) 24.2 (13.0) \.001 1.07 (1.04-1.09)
No. of excised lesions 1.5 (1.9) 4.3 (3.5) \.001 1.50 (1.35-1.66)
Length of follow-up, mo 85.3 (29.9) 88.8 (31.0) .348 1.00 (1.00-1.01)

AMS, Atypical mole syndrome; CI, confidence interval; MM, malignant melanoma; OR, odds ratio.

Table III. Multivariable logistic regression analysis

OR (95% CI) P value

Age at inclusion 1.04 (1.01-1.06) .003
Gender
Female 1.00 (Reference)
Male 1.23 (0.68-2.22) .500

Previous melanoma
No 1.00 (Reference)
Yes 1.55 (0.81-2.97) .181

[100 Nevi
No 1.00 (Reference)
Yes 1.37 (0.72-2.60) .342

No. of lesions excised 1.55 (1.37-1.75) \.001
Skin phototype
I 1.00 (Reference)
II 0.33 (0.08-1.35) .123
III 0.57 (0.14-2.26) .423
IV 0.03 (0.00-0.76) .033

CDKN2A mutation
No 1.00 (Reference)
Not performed 0.15 (0.06-0.37) \.001
Yes 1.39 (0.53-3.68) .505

CI, Confidence interval; OR, odds ratio.
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findings may support the current evidence of the
existence of a subgroup of slow-growing MM.

It is well known that the DFU procedure is not
only time-consuming but also a technique that
requires training, experience, and specific equip-
ment. Chances of success in DFU depend basically
on the proper selection of patients.29 In our study
population, with 90% of the patients displaying AMS
and almost 45% with previous melanoma, one of 8
developed MM during surveillance, which is more
than 1500 times higher than expected in our general
population. Not unexpectedly, the percentage of
patients given the diagnosis of MM during follow-up
increased from 7% among patients with no personal
history of MM, to 18% and 23% in patients with one
primary MM and multiple primary MM before the
inclusion in follow-up, respectively.

Thedurationof theDFUor thepossibility toexclude
apatient included in theprogramafter aperiodwithno
excisions required have been a matter of debate.
According to our results, MM can be diagnosed at
any time once a patient is included in the DFU
program, and not just at the beginning within the first
follow-up examinations. Furthermore, the risk of
diagnosing more than one MM during follow-up is
relatively high among populations at high risk for

melanoma. In light of these findings, maintained
surveillancemaybe required in individuals at high risk.

There is no consensus regarding the most effec-
tive melanoma screening strategy in individuals at
high risk. Because there are no control groups we
cannot convey whether the combined use of TBP
and digital dermatoscopy is more beneficial than the
TBP, dermatoscopy examination, or DFU separately.
Recently, Goodson et al18 compared their results
using TBP and digital dermatoscopy monitoring of
nevi in a similar patient population at risk for
melanoma and they found that monitoring patients
at risk for melanoma using TBPwas associatedwith a
lower biopsy rates and lower benign/melanoma
ratios than using digital dermatoscopy and facilitated
detection of new and changing lesions with a higher
MM detection rate during follow-up (4.4% vs 1.9%,
respectively). With the use of the two-step method of
DFU we achieved a higher melanoma detection rate
(8.5%) and a lower nevus:melanoma ratio (9.3 vs 53
with DFU and 22 with TBP). In our study biopsy rate
was higher, but this finding may be because of the
fact that our median follow-up period is 4 times
longer and our population could be considered of
higher risk, because incidence of melanoma per
patient during follow-up was 6 times higher.

Table IV. Comparison of clinical outcomes of our study and those from other working groups

Authors

Lesions-patients,

No.

Mean

lesions/

patient

Median

follow-up,

mo

Excisions

(%)

of lesions

registered

Ratio

MM/no MM

MM (%) of

excisions

Patients given

diagnosis of

MM during

DFU, %

Haenssle et al,6,7

2010, Germany
11,137-688 16.18 46 10.9 1:8.5 10.4 11.4

Argenziano et al,29

2008, Italy
600-405 1.48 23 9 1:3.4 22.2 3

Fuller et al,4 2007, USA 5945-297 20 22 5.4 1:53
PRL 1:95/NPRL

1:34.4

1.9
PRL 1.1/NPRL

2.75

2

Haenssle et al,25 2006,
Germany

7001-530 13.2 32.2 9.1 1:12 8.3 10

Bauer et al,26 2005,
Germany (EPL)

2015-196 10.28 25 1.6 1:15.5 6.1 1

Robinson and
Nickoloff,27 2004,
USA

3482-100 34.82 36.2 5.5 1:47.3 2.1 4

Malvehy and Puig,5

2002, Barcelona
3170-290 10.93 17.2 1.3 1:4.2 19 2.8

Menzies et al,30 2001,
Australia

318-245 1.29 3 19.2 1:7.7 11.5 2.9

Kittler et al,28 2000,
Austria

1862-202 9.21 12.6 4 1:8.4 10.7 4

Current study 11,396-618 18.44 96 10.1 1:10.7
PRL 1:11.9/
NPRL 1:8.8

8.5
PRL 7.7/
NPRL 10.1

12.6

DFU, Digital follow-up; EPL, epiluminiscence; MM, malignant melanoma; NPRL, nonpreviously registered lesions; PRL, previously registered

lesions.
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In conclusion, TBP and digital dermatoscopy
(two-step method of digital follow-up) in a selected
population at high risk for melanoma was shown to
allow the detection of melanomas in early stages with
a lowrateof excisions. This dualmodality is useful not
only for the detection of MMwith few dermatoscopic
criteria by DFU of dermatoscopy records, but also for
the detection of melanoma either presented as new
lesions or arising from nevi that were not monitored
by dermatoscopy. Long-term follow-up is required to
allow the detection of slow-growing melanomas.
Based on our 10-year experience, melanomas can
bediagnosedat any time, andnot just at thebeginning
of follow-up, suggesting that in this kind of high-risk
population, DFU should be maintained over time.
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Desmoplastic melanoma on the nose: electrochemotherapy
as an alternative treatment to local advanced disease
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Abstract
Background Desmoplastic malignant melanoma (DMM) is a rare and usually misdiagnosed type of melanoma.

Delayed detection at complicated anatomical locations can lead to the necessity of alternative therapies.

Objective Characterization of DMM on the nose, which is the second more frequent type of MM.

Methods Review of case series of eight pathologically proven DMM on the nose from two referral centres with a mean

follow-up of 69 � 40.5 months.

Results According to a single centre experience, there is a more than 70-fold increased risk of having a DMM on the

nose compared with a non-DMM (P < 0.0005, CI99% 16.3–317.3). Clinical and pathological misdiagnoses were fre-

quent, only three of the eight cases were properly diagnosed and treated and indeed they did not experience relapses.

Due to non-clinical suspicion and superficial biopsies, three cases were initially pathologically misdiagnosed as basal cell

carcinomas and a nevus respectively. Atypical vessels and remnants of pigment on dermoscopy are indicative findings

even in non-pigmented cases. Although not significant, the mean disease-free survival differed between cases with a

correct initial management (four cases, 66.7 � 57.3 months) in contrast to improper (four cases, 16.25 � 18.9 months).

Electrochemotherapy achieved a complete local control of disease in two cases unsuitable for surgery.

Conclusions Use of dermoscopy and correctly selected biopsy of lesions on the face is mandatory to improve early

diagnosis of DMM. Improper management of challenging cases implies a more complicated therapy and loco-regional

invasion risk. Electrochemotherapy could be a promising therapy in local advanced tumours.
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Introduction
Desmoplastic malignant melanoma (DMM) is a very rare variant

of spindle cell melanoma1 characterized by a heterogeneous clin-

ical–pathological appearance and frequent misdiagnosis.2 Recent

reviews have found a median Breslow thicker than 4 mm and a

high tendency of local recurrence. However, it remains uncertain

whether it has a relatively better outcome than classic melanoma

(MM) adjusted for Breslow thickness3–6 Recently, the first report

on dermoscopic features of DMM emphasized the importance

of avoiding misdiagnosis of hypopigmented and clinically unsus-

picious scar-like lesions. Frequently, the delayed detection and

the tendency of peri-neural invasion make the surgical resection

of DMM difficult. Electrochemotherapy is an effective therapy

for local tumours that are unsuitable for surgery. It has mainly

been applied in cutaneous or subcutaneous metastasis of breast

cancer, head and neck cancer and melanoma.7–11 The applica-

tion of intense and brief electric pulses to a tissue leads to the

transient permeation of cell membranes to otherwise non-per-

© 2013 The Authors
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meable molecules, such as endovenous Bleomycin, administered

before the local electroporation of tumoral lesions.

Herein is presented the challenging diagnosis and manage-

ment of a series of DMM located on a complicated anatomical

area such as the nose, and for the first time, we report the possi-

ble promising use of electrochemotherapy for local control of

primary tumours in locally advanced cases.

Materials and methods
Eight cases of histopathologically confirmed DMM on the nose

were retrospectively reviewed, five from the Dermatology

Department, Hospital Cl�ınic Barcelona, Spain, and three from

the Dermatology Department, Centre Hospitalier Lyon-Sud,

Pierre B�enite, France.

Exhaustive study included demographics and the patient’s

medical record. Particular attention was focused on initial mis-

diagnosis and delayed detection, definite histopathological

evaluation and treatment, highlighting margins of surgical

excision and outcome.

Clinical information and clinical images when available were

evaluated for their primary presentation. Dermoscopic images

(DermliteFoto�; 3 GEN, LLC.Dana Point, CA, USA) were

assessed for the presence or absence of melanocytic features, as

well as vessels and other non-specific MM structures.

Cases were histopathologically confirmed and reviewed by

three pathologists (A.G.-H., Ll.A., J.P.). Special attention was

given to histopathological subtypes – pure and mixed DMM –

based on the degree of desmoplasia present in the tumour, as

described by Busam et al.12 The presence of an associated epi-

dermal non-desmoplastic component and neurotropism was

specifically evaluated by means of conventional haematoxylin–

eosin and immunostaining with S100, HMB45 and Melan A

(MART-1) proteins.

In addition, a retrospective analysis of frequency of DMM on

the nose compared with other MM registered in the database

was performed in the Barcelona referral centre. This register

includes 3994 consecutive primary MM tumours collected since

1988 with the specific anatomical location clearly defined.

Statistical evaluation was carried out using the SPSS statistical

software package for Windows (version 18.0; SPSS Inc., Chicago,

IL, USA). Descriptive frequencies of all features were studied for

the eight cases. Mean follow-up time and disease-free survival

was assessed and patients with initial proper handling were com-

pared with those with initial misdiagnosis. In addition, frequen-

cies of anatomical presentation were studied within the 3994

registered cases in the Barcelona database. P-values were calcu-

lated based on Chi-square test and Fisher’s exact test for categor-

ical variables, and Kaplan–Meier survival test was performed to

disease-free survival time depending on DMM histological type

and initial management.

Results
Table 1 summarizes the clinical, dermoscopic and histopatho-

logical findings of the eight cases with histologically proven

DMM on the nose. There were four men and four women, with

a mean age of 73.87 � 6.79 years, range from 67 to 88 (CI 95%

68.2–79.5).

Clinical presentation
Note that only two cases (cases 2 and 3) presented suspicious

features of melanoma at baseline time. Initial clinical diagnosis

was of melanocytic nevus in two cases, solar lentigo in another

(b)

*

* *

^
^

(a)

Figure 1 (a) History of cryotherapy on the
tip of the nose for clinical ’solar lentigo‘ in a
74-year-old female. At the time of
consultation, dermoscopy (b) showed a
multiple colour ill-defined tumour, irregular
rhomboidal structures and follicular
occluding (arrows), irregular linear vessels
(^) and whitish scar-like areas resembling
chrysalis (*).Desmoplastic malignant
melanoma combined with lentigo maligna,
Breslow 0.6 mm, Clark III.

© 2013 The Authors
Journal of the European Academy of Dermatology and Venereology © 2013 European Academy of Dermatology and VenereologyJEADV 2013

Desmoplastic melanoma on the nose: a case series 3



two and basal cell carcinoma in the remaining two. Cases with

dermoscopic evaluation were properly biopsied and DMM

could be confirmed at the first handling (Figs 1–4). All local

relapses were non-pigmented and mainly presented as infil-

trated scar-like tumours (Fig. 4d). Interestingly, the two cases

with completely amelanotic tumours (cases 6 and 7) had the

most delayed diagnosis and were not suitable for surgery

(Figs 5 and 6).

Treatment
Wide margin excision was attempted in all cases after definite

confirmation. Unluckily, three cases were considered non-surgi-

cal candidates when they were referred to our Unit (detailed in

table).

Cases 6 and 7 presented a complete impairment of the ana-

tomical nasal region, with an indurate and painful subcutaneous

and ill-defined tumoral infiltration. Electrochemotherapy over

*

*
*

^

^

^

(b)

(a)
Figure 2 Clinical (a) and dermoscopy (b) in
a 88-year-old female (b) demonstrating
variegated pigmentation and ground of
erythema, with irregular perifollicular
pigmentation (arrows), whitish scar-like
areas as chrysalis and ’rosettes‘ figures (*),
and polymorphous lineal and dotted vessels
(^).Desmoplastic malignant melanoma
combined with lentigo maligna, Breslow
1.55 mm, Clark IV.

(b)

*

*

*
*

(a)

Figure 3 Clinical (a) and dermoscopy (b) in
a 74-year-old male showing ill-shaped and
multiple colour lesion, irregular and
perifollicular pigmentation and rhomboidal
structures (arrows), erythema and whitish
scar-like areas (chrysalis-like) (*). Note the
dilated broad telangiectasias typical of
couperosis (red dotted arrow) on this
anatomical region. Desmoplastic malignant
melanoma combined with lentigo maligna
Breslow 1.4 mm, Clark IV.
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the nasal area was applied to attempt the relief of symptoms and

control tumour growth. Similar to literature described else-

where, under general anaesthesia, an endovenous bolus of bleo-

mycin (30 mg vial) was administered and between 28 and 48

electric pulses were applied over the cutaneous and subcutane-

ous areas affected (detailed in table and Figs 5 and 6). The treat-

ment and postsurgical period was well tolerated, they were

hospitalized just for 1 day and required non-opioid analgesia.

There were no immediate or long-term complications.

In case 6, because of the partial response, a second session of

electrochemotherapy was applied 6 weeks later with a progres-

sive reduction in tumour burden and decrease in local pain.

Nodal relapse in the cervical and submandibular area presented

8 months later. The two patients treated by ECT showed

complete cutaneous response of their tumours. Six months after

two sessions in case 6 and just one in case 7, punch biopsies of

the treated areas (Figs 5 and 6) were negative for DMM in

both cases.

Case 8 presented a broad and invasive tumour with peri and

intraneural infiltration of the infraorbitary nerve canal, soft

tissue in eye orbitary ground and erosion of bone (Fig. 7).

Treatment with Taxol Avastin was not effective, and he is cur-

rently undergoing systemic anti-CTLA4 immunotherapy (endo-

venous ipilimumab 3 mg/kg protocol). He remains with no

evidence of distant disease and stabilization of non-surgical stage

IIIC melanoma after 43 months of follow-up.

Outcome
The range of follow-up was 21–150 months, with a mean of

69 � SD 40.5 months (CI 95% 35.6–108.6). The disease-free

survival (DFS) time ranged from 21 to 150 months, with a mean

of 41.5 � 47.8.

Local recurrence presented in four of eight cases, all of them

with inadequate management at onset of disease (P < 0.001).

Although not statistically significant, the disease-free survival

(DFS) differed between cases with a correct initial handling (four

cases, mean DFS 66.7 � 57.3 months) in contrast to those with

improper diagnosis and treatment at tumour onset (four cases,

mean DFS 16.25 � 18.9 months) (P = 0.14).

Three of our eight cases presented non-surgical disease when

they were referred to our Unit. Two of them (cases 6 and 8) had

been previously submitted to reconstructive surgery 2 years ear-

lier using full-thickness skin graft. The surgical treatment was

applied for a pathological misdiagnosis of ‘basal cell carcinoma’

in case 6 and for the relapse over the scar of a supposed ‘nevus’

in case 8. Histopathological revision confirmed that both were

pure DMM, with Breslow greater than 4 mm and Clark level V,

with all margins affected.

Risk to develop desmoplastic MM on the nose
Based on one centre’s database register (Melanoma Unit of Hos-

pital Clinic de Barcelona) only 16 of 3994 MM were located on

HE 40x HE 200x

S100 100xMelan A 100x

(a) (b)

(c)

(d) (e)

(f)

Figure 4 a-b Clinical suspicion of nevus (a) in a 67-year-old
female and dermoscopy showing pigmentation within the hair folli-
cle (b).Figure 4c Complete excision confirming a desmoplastic
malignant melanoma combined with lentigo maligna. Note Melan
A-positive cells on the junctural component, whereas spindle cells
in the reticular dermis were only S100 positive. Figure 4d–f Patient
refused a wide excision because of cosmetic impairment and 3
years later (d) an infiltrated erythematous lesion appeared on the
scar. On dermoscopy (e), atypical linear vessels and whitish scar-
like area, (f) S100-positive atypical spindle cells infiltrating the retic-
ular dermis confirmed local relapse.

© 2013 The Authors
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the nose (excluding mucosal melanomas) since 1984. Five of 16

melanomas on the nose (31%) were found to be desmoplastic,

in contrast to 25 DMM of 3978 melanomas at other sites (less

than 0.6%). Thus, according to our single centre experience, this

is a more than 70-fold increased risk of having a DMM on the

nose (odds ratio 72.07; P < 0.0005, CI 99% 16.3–317.3)

Discussion
Desmoplastic malignant melanoma has been considered a chal-

lenging diagnosis for clinicians but also pathologists since its

first report in 1971 by Conley.13 To date, the origin of the des-

moplastic component with this neurotropism and infiltrative

behaviour is intriguing4,14,15 In our series, three of eight pre-

sented clear-cut neurotropic features, especially notable in case

number 8, in which DMM invaded orbital ground through the

infraorbital nerve canal (Fig. 7).

Desmoplastic malignant melanoma is usually hypopigmented

or amelanotic with a scar-like appearance, which makes its clini-

cal recognition more difficult and frequently leads to the incor-

rect management of incipient cases. Dermoscopy and confocal

reflectance microscopy of both pigmented and non-pigmented

lesions, especially of sun damaged skin on the face and scalp,

could help in the detection and differentiation of these difficult

cases that simulate basal cell carcinomas and solar lentigo. In

our cases, in addition to the features described by Debarbieux

et al.16 from the group of Lyon, we have observed whitish

structures such as ’rosettes‘ figures. This feature, seen exclusively

under polarized dermoscopy, had been previously described to

be specific to squamous cell carcinoma and actinic keratosis.17

According to a recent observation by Liebman, rosettes could

also be observed in melanoma and basal cell carcinomas and

hypothetically they are attributable to an optical effect in

adnexal openings either narrowed by fibroplasia or filled with

keratin.18

Histopathologically DMM can also be easily misdiagnosed as

a scar or a non-melanocytic tumour such as neural crest-derived

tumours, as the sparse cells are often negative for melanocytic

differentiation upon immunohistochemical staining (Melan A,

HMB45 or even S100). Histological diagnosis can be even more

challenging under circumstances where biopsy specimens are

small or superficial, or if there is no clinical suspicion, or re-

excision scars. This is particularly true when the overlying

junctional component is absent or the spindle cells lack melanin

pigment, such reasons could explain the three misdiagnosed

cases included in this study.

All our cases were clear-cut DMM by means of haematoxylin–

eosin and conventional immunohistochemical staining even the

two cases that were misdiagnosed by pathologists from other

centres as BCC and melanocytic nevus respectively (original

material was reviewed by us).

Desmoplastic malignant melanoma is considered combined

or mixed when desmoplastic and classic components are greater

than 10% of the lesion.12 It is well known that a local recurrence

of any kind of MM may present desmoplastic findings.6 It is

unclear whether the desmoplastic appearance is present in the

MM from the start of its natural history as a DMM or if it is a

consequence of the prior incorrect treatment in the cases of

combined DMM-lentigo maligna type. Due to the increasing

cosmetic concern of the population, it is very important for aes-

thetic clinicians offering laser and other therapies to be aware of

(a) (b)

(c) (d)

Figure 5 Recurrent desmoplastic
melanoma in a 68-year-old male. (a)
Erythematous indurated plaque affecting the
whole nasal pyramid and the medial cheek.
(b) Under general anaesthesia
electrochemotherapy (ECT) was performed
and 48 electroporation shocks were
discharged including the surrounding
normal-appearing skin. B, Severe oedema
and crust formation followed the first ECT
session with rapid healing. (c) The
procedure was well tolerated, with no
relevant side effects with a progressive
reduction in tumour burden. (d) Complete
clinical response was achieved in 6 months.
Multiple punch biopsy of the scar tissue was
negative for melanoma.
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the possibility of occurrence of DMM after the incorrect treat-

ment of misdiagnosed melanomas as ‘solar lentigos’.

Desmoplastic malignant melanoma is rare, but curiously on

the nose it is the second most frequent MM type, the most fre-

quent being lentigo maligna melanoma.19 Based on our single ter-

tiary referral centre database, a MM on the nose has a greater than

70-fold risk of being desmoplastic than on any other anatomical

location. Twenty per cent of our cases were located on the nasal

region, from a total of 30 DMM (60% of them on the head).

The anatomical limitations of the nasal pyramid makes the

management guidelines of MM of the nose poorly defined, and

excision margins are often narrower than for MM occurring

elsewhere. Surgical reconstruction of defects on the nose requires

special considerations.20 Moreover, in the cases of DMM where

the infiltrating behaviour can be even more aggressive, and both

clinical and histopathological margins are more difficult to

assure.

In our series, four of our eight cases were incorrectly managed

and suffered delayed diagnoses before they were referred to a

Pigmented Lesions Unit. In three of them, surgery could not

achieve complete tumour removal at the moment of evaluation

and other therapies had to be considered.

Electrochemotherapy (ECT) is an emerging therapeutic tech-

nique that has been applied to date only to non-surgical cutane-

ous or subcutaneous metastatic melanomas, rather than primary

melanoma as we present herein. Although ECT is considered a

new effective local tumour ablation modality in the treatment of

solid cancers, this combination of electroporation with the

administration of cytotoxic drugs was first described in

1991.21,22 In recent years, ECT with bleomycin or cisplatin has

(a) (b)

(c) (d)

Figure 6 Desmoplastic melanoma on the
nose in a 78-year-old male. (a) Infiltrated
erythematous plaque occupying the tip,
right ala, dorsum and lateral sidewall of the
nose. A partial biopsy was consistent with
desmoplastic melanoma. (b) Under general
anaesthesia, a total of 29
electrochemotherapy (ECT) electric pulses
were applied throughout the nasal pyramid.
A severe oedema–erythema with crust
formation followed the first ECT session with
intense inflammation. (c) necrosis and finally
(d) partial loss of the right nasal ala. 6
months after performing ECT, the patient
presented no evidence of neither clinical nor
pathological recurrence.

© 2013 The Authors
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been proven to be effective on different types of tumours,

specially melanoma,23–28 head and neck cancer and breast

cancer.

A multicentre project has been developed (European Standard

Operating Procedure of Electrochemotherapy (ESOPE)) to stan-

dardize the protocol for treatment and to validate the overall

clinical results.8As ECT has a demonstrated good safety profile,

it is becoming a promising and effective treatment in the pallia-

tive management of non-surgical recurrent disease with overall

objective response rates of approximately 80–90%.7–10,28,29

In the two patients presented in this series, ECT was proposed

to control local disease when surgical planning of primary tumour

was not able to assure wide enough margins. In another case, wide

excision including the removal of the orbital floor and the

implant of a titanium plaque to substitute the bone was not able

to avoid local relapse, reinforcing the idea that ECT may be a

good option at least to be considered when DMM affects struc-

tures other than the skin. Both cases achieved complete control of

local disease demonstrated by repeated biopsies with no secondary

systemic effects. It has been postulated that ECT could enhance

the cytotoxic effect of bleomycin and the electric pulses could

cause an additional ischaemic reaction of neoplastic vessels.

In conclusion, DMM on the nose region constitutes a chal-

lenging diagnosis, and due to the diagnostic delay, added to the

anatomical characteristics and the infiltrating behaviour of this

type of MM, it is often a therapeutic challenge too. It remains

unclear whether prior inadequate ablative treatments, such as

cryotherapy, could induce melanoma progression and this des-

moplastic reaction in some lentigo maligna melanomas on sun

damaged skin.

Our responsibility as dermatologists includes educating

patients and physicians about the difficult early diagnosis of mel-

anoma on sun damaged skin, and specially the DMM type and

highlight the mandatory biopsy in many cases.30,31

In our experience, dermoscopy and other non-invasive

diagnostic tools such as confocal microscopy could help to

resolve clinical suspicions, to rule out other tumours such as

BCC, to recognize some areas of classic lentigo maligna mela-

noma and finally to select the more appropriate area for par-

tial biopsy if necessary. Electrochemotherapy could be an

effective alternative therapy for very invasive tumours that are

not suitable for surgery. In our two cases with extended and

local infiltrating DMM on the nose, it was a well-tolerated

and less morbid way to control local disease. Further studies

and longer follow-up periods are needed to recommend this

second line therapy.
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(a)

(b)

Figure 7 (a) Computerized tomography scan demonstrating the recurrence of desmoplastic malignant melanoma (DMM) infiltrating the
infraorbitary nerve canal (*) with bone erosion of orbitary ground in a 73-year-old male patient. Despite multiple surgical attempts, recur-
rence of this DMM affects cutaneous, soft tissue and bone structures of skull base through peri and intraneural invasions. (b) Immunohis-
tochemical stain for S100 protein demonstrating the presence of DMM infiltrating the infraorbitary nerve.
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14 Piñól-Aguadé J, Ferrando J, Bombi JA et al. [Desmoplastic melanoma].

Med Cutan Ibero Lat Am 1977; 5: 77–92.
15 Wasif N, Gray RJ, Pockaj BA. Desmoplastic melanoma – the step-child in

the melanoma family? J Surg Oncol 2011; 103: 158–162.
16 Debarbieux S, Ronger-Salve S, Dalle S, Balme B, Thomas L. Dermoscopy

of desmoplastic melanoma: report of six cases. Br J Dermatol 2008; 159:

360–363.

17 Cuellar F, Vilalta A, Puig S, Palou J, Salerni G, Malvehy J. New dermo-

scopic pattern in actinic keratosis and related conditions. Arch Dermatol

2009; 145: 732.

18 Liebman TN, Scope A, Rabinovitz H, Braun RP, Marghoob AA. Rosettes

may be observed in a range of conditions. Arch Dermatol 2011; 147: 1468.

19 Papadopoulos T, Rasiah K, Thompson JF, Quinn MJ, Crotty KA.

Melanoma of the nose. Br J Surg 1997; 84: 986–989.
20 Zilinsky I, Farber N, Haik J, Weissman O, Israeli H, Winkler E. Back to

basics: reconstruction of defects on the lower half of the nose. J Drugs

Dermatol 2012; 11: 226–228.
21 Mir LM, Orlowski S, Belehradek J, Jr., Paoletti C. Electrochemotherapy

potentiation of antitumour effect of bleomycin by local electric pulses.

Eur J Cancer 1991; 27: 68–72.
22 Mir LM, Belehradek M, Domenge C et al. [Electrochemotherapy, a

new antitumor treatment: first clinical trial. C R Acad Sci III 1991;

313: 613–618.
23 Glass LF, Pepine ML, Fenske NA, Jaroszeski M, Reintgen DS, Heller

R. Bleomycin-mediated electrochemotherapy of metastatic melanoma.

Arch Dermatol 1996; 132: 1353–1357.
24 Heller R, Jaroszeski MJ, Glass LF et al. Phase I/II trial for the treatment of

cutaneous and subcutaneous tumors using electrochemotherapy. Cancer

1996; 77: 964–971.
25 Rols MP, Bachaud JM, Giraud P, Chevreau C, Roché H, Teissié J.
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ONLINE FIRST

STUDY

Clinical and Dermoscopic Characteristics
of Desmoplastic Melanomas
Natalia Jaimes, MD; Lucy Chen, BA; Stephen W. Dusza, DrPH; Cristina Carrera, MD; Susana Puig, MD;
Luc Thomas, MD; John W. Kelly, MD; Lucy Dang, MBBS; Iris Zalaudek, MD; Ralph P. Braun, MD;
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Objective: To describe and analyze the clinical and der-
moscopic characteristics of desmoplastic melanoma (DM)
as a function of pathologic subtype and phenotypic traits.

Design: Retrospective case series.

Setting: Eight high-risk dermatology clinics.

Patients: Patients with DM confirmed by histopatho-
logic analysis whose records included a high-quality der-
moscopic image.

Main Outcome Measures: Clinical, dermoscopic, and
histopathologic features of DM.

Results: A total of 37 DM cases were identified. The ma-
jority of patients had fair skin, few nevi, and no history
of melanoma. Lentigo maligna was the most frequent sub-
type of melanoma associated with DM. The most fre-
quent clinical presentation of DM was a palpable and/or
indurated lesion located on sun-exposed skin. Forty-
three percent of cases were classified as pure DM, and
57% as mixed DM. Pure DM lesions were thicker than

mixed DM lesions (4.10 vs 2.83 mm) (P=.22) and were
less likely to have an associated epidermal non-DM com-
ponent (63% vs 100%) (P=.004). Dermoscopically, DMs
had at least 1 melanoma-specific structure, the most fre-
quent being atypical vascular structures. Peppering was
more frequently seen in pure DM (44% in pure DM vs
24% in mixed DM) (P=.29). In contrast, crystalline struc-
tures, polymorphous vessels, and vascular blush were
more commonly seen in mixed DM.

Conclusions: Though DM can be difficult to diagnose
based on clinical morphologic characteristics alone, der-
moscopy has proved to be a useful aid during the evalu-
ation of clinically equivocal lesions or those lesions with
a benign appearance. The most common dermoscopic
clues observed in DMs included atypical vascular struc-
tures, peppering, and occasionally other melanoma-
specific structures.

JAMA Dermatol.
Published online January 16, 2013.
doi:10.1001/jamadermatol.2013.2248

D ESMOPLASTIC MELANOMA

(DM) is a rare variant of
melanoma,makingupless
than 4% of all melano-
mas.1,2 The overall inci-

dence rate of DM is 2.0 per million, with a
peak of 15.2 per million for persons 80
years or older.3 Typically, DMs are diag-
nosed later in life than non-DMs. In addi-
tion, it is not uncommon for the definitive
diagnosisofDMtobedelayedbecauseofdif-
ficulties in its initial clinical recognition.4

Often DM manifests features com-
monly associated with benign lesions.
Based on primary clinical morphologic
characteristics alone, it may be difficult for
clinicians to recognize DM as a malig-
nant neoplasm. However, dermoscopy may
provide clues prompting a biopsy in these

otherwise clinically benign-appearing le-
sions. Although dermoscopy has been
shown to increase diagnostic accuracy for
most melanoma subtypes, there are lim-
ited data regarding the role of dermos-
copy in the diagnosis of DM.5,6 In fact, to
our knowledge, there has been only 1 ret-
rospective study that described the der-
moscopic features of 6 cases of DM.7

Dermoscopy may be a useful aid dur-
ing the evaluation of DM, and together
with a clinical history and examination, it
can guide the clinician toward perform-
ing a biopsy. The aim of the present ret-
rospective study is to describe and ana-
lyze the most common phenotypic traits
associated with DM and to evaluate its
most frequent clinical and dermoscopic
characteristics.
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METHODS

Cases of patients diagnosed with DM were retrospectively se-
lected from 8 melanoma centers in New York, New York (Me-
morial Sloan-Kettering Cancer Center [MSKCC]), Barcelona,
Spain (Hospital Clinic of Barcelona), Lyon, France (Hospitalier
Lyon Sud), Graz, Austria (Medical University of Graz), Reggio
Emilia, Italy (Arcispedale Santa Maria Nuova), Sydney, Austra-
lia (Royal Prince Alfred Hospital), Melbourne, Australia (Alfred
Hospital), and Zurich, Switzerland (University Hospital). Cases
were included only if there was a confirmed pathologic diagno-
sis of DM and a high-quality dermoscopic image available. When-
ever possible, clinical images were also evaluated. The study was
approved by the institutional review board at MSKCC.

All lesions were confirmed to be a DM by histopathologic
analysis. In addition, cases were further categorized into 2 his-
topathologic subtypes (pure DM [pDM] and mixed DM [mDM])
based on the degree of desmoplasia present in the tumor, as
described by Busam et al.8 Specifically, pDMs were defined as
having more than 90% desmoplasia, and mDMs had less than
90% desmoplasia. The presence of an associated epidermal
non-DM component was also recorded. Neurotropism was evalu-
ated by means of conventional hematoxylin-eosin and, when
available, with S100 stain.

Demographic, clinical, and histopathologic information was
obtained from the patients’ medical records. Patients were as-
sessed for the number of nevi, skin type, personal and family
history of melanoma, nonmelanoma skin cancers, and history
of chronic sun damage. When clinical images were available,
the lesions were evaluated for their primary morphologic char-
acteristics (macule, papule, plaque, nodule), colors (skin color,
pink, red, blue, white, brown, and black), borders, and ana-
tomic location.

Dermoscopic images were assessed for the presence or ab-
sence of melanocytic structures, including pigment network
(gridlike network consisting of pigmented lines and hypopig-

mented “holes”), aggregated globules (3 or more clustered, well-
demarcated, round to oval symmetric structures larger than 0.1
mm; may be brown, black, and blue), streaks (radial projec-
tions at the periphery of the lesion extending from the tumor
toward the surrounding normal skin; may present as pseudo-
pods or radially streaming structures), and negative network
(serpiginous interconnecting hypopigmented lines that sur-
round irregularly shaped pigmented structures resembling elon-
gated, curvilinear globules).9

In addition, vascular structures and the presence or ab-
sence of melanoma-specific structures were evaluated, includ-
ing atypical network (increased variability in the width of the
network lines, their color and distribution; hole sizes of in-
creased variability), negative network, streaks, atypical dots
and/or globules (multiple globules irregularly distributed within
the lesion or asymmetrically located off center or focally at the
periphery; not associated with the pigmented network), off-
center blotch (off-center homogeneous areas of pigment that
obscure visualization of any other structures; may be dark brown
to black), peripheral tan structureless areas (structureless areas
located at the periphery of the lesion larger than 10% of a le-
sion area), blue-white veil (confluent blue pigmentation with
an overlying white “ground glass” haze), regression structures
(ie, scarlike depigmentation lighter than the surrounding skin
and appearing shiny white under polarized dermoscopy; and/or
peppering, which consists of tiny blue-gray granules giving the
appearance of a blue-white veil), crystalline structures (shiny,
white linear streaks that are often oriented parallel or orthogo-
nal to each other), and atypical vascular structures (including
dotted vessels consisting of red dots of 0.01 to 0.02 mm, ser-
pentine vessels consisting of linear irregular or undulating short
vessels, polymorphous vessels consisting of a combination of
2 or more vessel morphologic characteristics, corkscrew ves-
sels consisting of coiled or tortuous vessels, milky-red glob-
ules and/or vascular blush consisting of ill-defined globules with
a milky-red color and ill-defined areas of milky-red color).9

Table 1. Demographic and Clinical Characteristics of Patients With Desmoplastic Melanomas

Demographic and Clinical Characteristics

Desmoplastic Melanomasa

P Value
Pure

(n = 16)
Mixed

(n = 21)
All

(n = 37)

Age, mean (range), y 67 (48-88) 70 (30-89) 69 (30-89) .50b

Sex
Male 9 (56) 13 (62) 22 (60) .75c

Female 7 (44) 8 (38) 15 (41)
Nevi

Multiple nevi 3 (25) 3 (20) 6 (22) �.99c

Few nevi 9 (75) 12 (80) 21 (78)
Missing data 4 (25) 6 (29) 10 (27)

Family history of melanoma
Yes 2 (17) 1 (6) 3 (10) .35c

No 10 (83) 17 (94) 27 (90)
Missing data 4 (25) 3 (14) 7 (19)

Personal history of melanoma
Yes 3 (20) 6 (29) 9 (25) .71c

No 12 (80) 15 (71) 27 (75)
Missing data 1 (6) 0 1 (3)

Personal history of nonmelanoma skin cancer
Yes 3 (23) 8 (62) 11 (42) .11c

No 10 (77) 5 (39) 15 (58)
Missing data 3 (19) 8 (38) 11 (30)

Abbreviation: DM, desmoplastic melanoma.
aUnless otherwise indicated, data are reported as number (percentage) of lesions.
bBased on the t test.
cBased on the Fisher exact test.
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Finally, the clinical diagnosis, previous treatments, and fol-
low-up status were recorded for each case. Presence or ab-
sence of local recurrence or metastases was documented. De-
scriptive frequencies were calculated for all cases and for each
category (pDM and mDM). P values were calculated based on
the Fisher exact or t test.

RESULTS

A total of 37 cases of DM that met the inclusion criteria
were identified. Of these, 22 patients (60%) were men, and
15 (41%) were women, with an average age of 69 years
(age range, 30-89 years). All patients had fair skin, and
more than half of patients (78%; n=21) had few nevi (fewer
than 20 nevi). Only 3 patients (10%) had a family history
of melanoma, and 9 patients (25%) had a history of mela-
noma (Table 1). Although 42% patients had a history of

nonmelanoma skin cancer (NMSC) (n=11), patients with
a pDM were less likely to have a history of NMSC than
patients with mDM (23% [n=3] vs 62% [n=8]) (P=.11).

Eighty-nine percent of DM lesions developed on sun-
exposed areas (n = 33). Clinically, most DMs presented
as palpable and/or indurated lesions (87% [n = 27]) with
irregular and ill-defined borders (64% [n = 23])
(Figures1,2, and3) (eFigures 1-4; http://www.jamaderm
.com). The most common primary morphologic charac-
teristics were plaques (30% [n = 11]), macules (22%
[n = 8]), papules (16% [n = 6]), or nodules (16% [n = 6]).
Overall, DMs had at least 2 colors (58% [n = 21]), with
pink/red and brown being the most common (Table 2;
Figures 1, 2, and 3) (eFigures 1-4).

The prebiopsy clinical diagnoses and reasons for per-
forming a biopsy were available for 11 cases. The prebi-

A B

C D

Figure 1. Pure and mixed desmoplastic melanomas (DMs) may be indistinguishable and may present with features that are commonly associated with benign
lesions. A and B, Pure DM with a Breslow thickness of 7.2 mm on the glabella of an 81-year-old man. A, Clinical image reveals an irregular and ill-defined pink
nodule. B, Under dermoscopy, atypical vascular structures are seen, including serpentine vessels (arrows) and vascular blush. C and D, A 2-mm mixed DM
located on the back of a 30-year-old woman. A, Clinical image demonstrates a pink nodule. B, Under dermoscopy, a negative network is seen.
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opsy clinical diagnoses reported included melanoma
(n = 3), basal cell carcinoma (n = 3), melanoma vs dys-
plastic nevus (n = 1), basal cell carcinoma vs lichen pla-
nus–like keratosis (n = 1), squamous cell carcinoma
(n = 1), seborrheic keratosis (n = 1), and cyst (n = 1). Rea-
sons for suspecting a malignant neoplasm included the
presence of melanoma-specific structures noted under der-
moscopy, new lesion found on total body skin examina-
tion, and/or the lesion identified as an outlier. In addi-
tion, for at least 16 of the 37 patients, the diagnosis of a
malignant neoplasm was not entertained, and the lesion
underwent treatment with cryotherapy (n = 8), laser
(n = 1), intralesional steroids (n = 1), or other treat-
ment not specified (n = 6) prior to the final biopsy that
disclosed the diagnosis of DM. These lesions were 8 pDMs
and 8 mDMs, located on the head and neck (44% [n = 7]),
lower extremities including soles (25% [n = 4]), and trunk
(19% [n = 3]); less frequently on the back (6% [n = 1])

or upper extremities (6% [n = 1]). Clinically, these le-
sions appeared as macules and/or plaques with irregular
and ill-defined borders, with 1 color in 44% of the cases
(n = 7), mainly pink or light brown. The rest of the le-
sions had 2 or more colors, in particular pink and light
brown. Dermoscopically, the predominant structures ob-
served in these lesions were vascular blush (56% [n = 9]),
polymorphous vessels (38% [n = 6]), peppering (38%
[n = 6]) and asymmetric perifollicular hyperpigmenta-
tion (38% [n = 6]) (Figure 1C and D).

Sixteen of the 37 cases were classified as pDM (43%),
and 21 were classified as mDM (57%). Even though there
were no statistically significant differences between pDM
and mDM by anatomic location, it was observed that
pDMs were more frequent than mDMs on the trunk (31%
[n = 5] vs 19.0% [n = 4]) and lower extremities (6%
[n = 1] vs 0% [n = 0]) (P = .84). In addition, none of the
pDMs developed on sun-protected sites, whereas 4 of the

A B

C D

mm

Figure 2. Pure desmoplastic melanomas (pDMs) can present as pigmented or amelanotic lesions. Although some pDMs lack an associated epidermal non-DM
component, they usually reveal at least 1 atypical vascular structure. A, The clinical image of a 3.25-mm pDM on the back of a 65-year-old man. B, Dermoscopy
revealed regression structures including scarlike areas and peppering (dashed square), which is the most frequent regression structure observed in pDMs. In
addition, atypical globules (solid square) and crystalline structures (white arrows) were observed. C, Clinical image of an amelanotic, indurated, and ill-defined
nodule located on the chest of a 67-year-old man. D, Under dermoscopy, subtle dotted vessels are seen (square). A biopsy was performed, revealing a 6.1-mm
pDM with no associated epidermal component.
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21 mDMs developed on sun-protected sites, including 2
lesions on the sole and 2 on the lower back (Table 2).

Dermoscopically, 16 of the 37 lesions (43%) re-
vealed melanocytic structures including globules (44%
[n = 7]), pigment network (38% [n = 6]), pseudonet-
work (25% [n = 4]), and negative network (6% [n = 1])
(Table 3; Figures 1D, 2B, and 3B). None of the lesions
presented homogeneous blue pigmentation or streaks.
While 57% of the DMs lacked any of the aforemen-
tioned melanocytic structures [n = 21], they all re-
vealed at least one melanoma-specific structure. The most
frequent melanoma-specific structures observed were
atypical vascular structures (81% [n = 30]), followed by
regression structures (ie, peppering and scarlike areas),
blue-white veil, atypical globules, and atypical network
(Figures 1B and D, 2B and D, and 3B and D) (eFigures
1-4). Peppering (also known as granularity) was the most
frequent regression structure observed and was more fre-
quent in pDM than mDM (44% [n = 7] vs 24% [n = 5])

(Figure 2B). It was noted that within the group of mDMs,
there was a greater variety of other melanoma-specific
structures that were not manifested in the pDMs, includ-
ing off-center blotch, negative network, and peripheral
tan structureless areas. In addition, features associated
with lentigo maligna (LM), including annular granular
pattern (24% [n = 9]) and polygonal lines (11% [n = 4]),
were also observed.

Fifteen of the dermoscopic images of lesions were ac-
quired using polarized dermoscopy (PD), and 19 using
non-PD. For the 3 remaining lesions, it was unknown
what device was used to acquire the images. Of the 15
lesions evaluated with PD, 80% revealed crystalline struc-
tures (n = 12) (Table 3; Figure 2B) (eFigures 1 and 3).
It was observed that crystalline structures, polymor-
phous vessels, and vascular blush were more commonly
seen in mDM than in pDM.

Vascular structures were observed in 81% of the le-
sions (n = 30), in particular atypical vessels and/or vas-

A B

C D

mm

Figure 3. Mixed desmoplastic melanomas (mDMs) can reveal a greater variety of melanoma-specific structures under dermoscopy, which may facilitate their
detection. A, Clinical image of a 1.2-mm mDM on the trunk of a 67-year-old man that presented as a pink and brown papule. B, Dermoscopy revealed atypical
globules (solid square) and dotted vessels (dashed square). C, A 1.6-mm mDM that presented clinically as an erythematous lesion with a focal bluish
discoloration on the arm of an 81-year-old woman. Palpation of the lesion revealed a firm component. D, Dermoscopy demonstrated atypical dots/globules (solid
square), polymorphous vessels (dashed squares), off-center blotch, and blue-white veil (arrow).
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cular blush. When both groups of DM were compared,
pDMs were less likely to present with polymorphous ves-
sels (31% [n = 4] vs 53% [n = 9]) and vascular blush (54%
[n = 7] vs 77% [n = 13]) than were mDMs (Table 3).

Overall, pDMs tended to be thicker tumors than mDMs
(4.10 vs 2.83 mm) (P = .22) and were less likely to have
an associated epidermal non-DM component (63%
[n = 10] vs 100% [n = 20]) (P = .004). There was 1 mDM
for which this information was unavailable. The most
commonly associated epidermal non-DM component was
LM (53% [n = 16]) followed by superficial spreading mela-
noma (SSM) (10% [n = 3]) (Table 4).

Once the diagnosis of DM was confirmed, the most
common treatment for the DM was surgical (97%
[n = 31]), including wide local excision (94% [n = 30])
or staged excision (3% [n = 1]). Two patients with pDM
received adjuvant radiation therapy. The average length
of follow-up for the 37 patients was 30 months (range,
1-96 months). Two patients with mDM (10%) pre-
sented with local recurrence, one after 24 months and
the other after 40 months (Breslow thickness, 4 mm and
not available, respectively). The patient with longer fol-
low-up also developed metastases to left submaxillary
lymph nodes 54 months after the initial diagnosis. In ad-
dition, another patient with mDM (Breslow thickness,
10 mm) developed bilateral inguinal lymph node metas-
tases 20 months after the initial diagnosis. Two patients
with pDM developed metastases (13%), one at 17 months,
and the other at 9 months after the initial diagnosis (Bres-
low thicknesses, 12 mm and 6.1 mm, respectively). The
patient with the 12-mm pDM developed metastasis to
lymph nodes, and the patient with the 6.1-mm pDM de-
veloped metastasis to lymph nodes, liver, and lungs.

COMMENT

Desmoplastic melanoma is a relatively rare entity that of-
ten presents with features that are more commonly as-
sociated with benign lesions. Thus, based on clinical mor-
phologic characteristics alone, DM can prove to be a
challenging diagnosis. Even under histopathologic ex-
amination, DM can be confused with other entities such
as scars, dermatofibromas, and desmoplastic nevus.4,10,11

Ferrara et al11 describe the dermoscopic patterns of 3 cases
of desmoplastic nevus that all appeared clinically as small,
flesh-colored papules characterized by a subtle light-
brown network overlying a pinkish erythematous back-
ground. All nevi were devoid of asymmetry or melanoma-
specific patterns. Based on its nondescript appearance and
the difficulties in the initial clinical recognition, it is not
surprising that DM is seldom suspected in its early stages.4

In addition, it is not uncommon for these lesions to be
diagnosed as benign entities and get treated as such. In
fact, in our study at least 10 cases (27%) had received
previous treatments including cryotherapy, laser, and in-
tralesional steroids, before the definitive diagnosis of DM
was confirmed by biopsy.

To our knowledge, this is the largest series describ-
ing the clinical and dermoscopic characteristics of DM.
In addition, this study attempts to describe the most com-
mon phenotypic traits present in patients with DM. Over-
all, our patients with DM had fair skin, and most of them
demonstrated actinic damage, few nevi, and a negative
personal and family history of melanoma (Table 1). Der-
moscopically, our study demonstrates that while 57% of
the DMs (n = 21) lacked melanocytic pigmented struc-

Table 2. Clinical Characteristics of Desmoplastic Melanomas

Clinical Features

Desmoplastic Melanomas, No. (%)

P Value
Pure

(n = 16)
Mixed

(n = 21)
All

(n = 37)

Sun-exposed areas 16 (100) 17 (81) 33 (89)

.12a

Trunk 5 (31) 4 (19) 9 (24)
Head and neck 8 (50) 10 (48) 18 (49)
Upper extremities 2 (13) 3 (14) 5 (14)
Lower extremity 1 (6) 0 1 (3)

Sun-protected areas 0 4 (19) 4 (11)
Sole (acral) 0 2 (10) 2 (5)
Lower back 0 2 (10) 2 (5)

Primary morphologic characteristic
Plaque 2 (13) 9 (43) 11 (30)

.29
Macule 5 (31) 3 (14) 8 (22)
Papule 2 (13) 4 (19) 6 (16)
Nodule 3 (19) 3 (14) 6 (16)
Combination 3 (19) 2 (10) 5 (14)

Borders
Irregular and ill-defined 10 (67) 13 (62) 23 (64)

.77
Regular 5 (33) 8 (38) 13 (36)

Colors
Single color 5 (33) 10 (48) 15 (42)

.39
Multiple colors 10 (67) 11 (52) 21 (58)

Palpable and/or indurated lesion
Yes 10 (91) 17 (85) 27 (87)

.64
No 1 (9) 3 (15) 4 (13)

aP value for the difference between sun-exposed and sun-protected areas (based on Fisher exact test).
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tures (ie, globules, pigment network, and pseudonet-
work on facial skin), all cases of DM revealed at least 1
melanoma-specific structure, in particular atypical vas-
cular structures, peppering, blue-white veil, atypical glob-
ules, crystalline structures, and atypical network
(Figures 1B and D, 2B and D, and 3B and D) (eFigures
1-4). Furthermore, dermoscopic features of LM such as
annular granular pattern and polygonal lines were seen
in one-third of the cases. In fact, 83% of our cases had
an associated epidermal non-DM (n = 30), with LM being
the most common type, followed by SSM. Thus, we are
of the opinion that since DMs can be associated with LM
or SSM, all of these lesions should be palpated to rule
out a dermal component of DM (Figure 3D).10,12

Previous studies have reported that DM lesions tend to
grow slowly and are more frequently located on the head
and neck, extremities, and trunk of fair-skinned elderly
men. The male to female ratio has been reported to be 2:1,
and the mean age at diagnosis is 66 years, which is older
than the 60 years found for non-DM lesions.2-4,13,14 Our data
reflect a similar male to female ratio (2:1) and average age.
In addition, we also found that DM has a predilection for
sun-exposedareas (89%[n = 33]), inparticular for thehead
and neck (49% [n = 18]). Only 4 DMs of the mixed type
were found on sun-protected areas. Thus, our results are
in accordance with other studies that have reported a link

betweenDM,chronicactinicdamage, andLM.2,3 Wespecu-
late that mDM is more likely to have risk factors and clini-
cal and phenotypic characteristics similar to those of LM.
In contrast to DM, desmoplastic nevus appears to be as-
sociated with younger age and development on non–sun-
exposed areas. Thus, patient age and anatomic location
seem to be important criteria in the differential diagnosis
between benign and malignant desmoplastic neoplasia.11

The clinical and dermoscopic characteristics of DMs
were described as a function of the pathological subclas-
sification (pDM vs mDM), which is based on the extent
of desmoplasia present in the invasive component. This
classification appears to have prognostic and perhaps even
therapeutic implications.15,16 Evidence suggests that pDMs
are less likely to have regional lymph node involvement
and are associated with a more favorable outcome. In con-
trast, mDMs have been associated with more locore-
gional recurrences.15

From a clinical perspective, pDMs and mDMs may be
indistinguishable. Both types of DM can present as firm
and indurated lesions with irregular and ill-defined bor-
ders (Figure 1A and C). While there are limited data re-
garding the role of dermoscopy in the diagnosis of DM,5,6

the present study supports its use during the evaluation
of skin lesions because it provides additional informa-
tion that will prompt the clinician to perform a proper

Table 3. Dermoscopic Characteristics of DMs

Dermoscopic Feature

DMs, No. (%)

P Valuea
Pure

(n = 16)
Mixed

(n = 21)
All

(n = 37)

Melanocytic structures present 7 (44) 9 (43) 16 (43) �.99
Globules (atypical) 4 (57) 3 (33) 7 (44) .44
Pigment network (typical or atypical) 2 (29) 4 (44) 6 (38) .68
Negative network 0 1 (11) 1 (6) �.99
Homogeneous blue pigmentation 0 0 0 NA
Streaks 0 0 0 NA
Pseudonetwork (facial skin) 2 (29) 2 (22) 4 (25) �.99

Melanoma-specific structures present 16 (100) 21 (100) 37 (100) NA
Atypical vascular structures 13 (81) 17 (81) 30 (81) �.99
Peppering 7 (44) 5 (24) 12 (32) .29
Crystalline structuresb 3 (19) 9 (43) 12 (32) .17
Annular granular pattern 4 (25) 5 (24) 9 (24) �.99
Blue-white veil 2 (13) 5 (24) 7 (19) .67
Atypical globules 4 (25) 3 (14) 7 (19) .44
Atypical network 2 (13) 3 (14) 5 (14) �.99
Scarlike areas 2 (13) 1 (5) 3 (8) .57
Off-center blotch 0 3 (14) 3 (8) .24
Peripheral tan structureless areas 0 1 (5) 1 (3) �.99
Negative network 0 1 (5) 1 (3) �.99
Streaks 0 0 0 NA
Polygonal lines 2 (13) 2 (10) 4 (11) �.99
Follicular obliteration 0 1 (5) 1 (3) �.99

Vascular structures present 13 (81) 17 (81) 30 (81) �.99
Dotted vessels 2 (40) 4 (67) 6 (55) NA
Serpentine vessels (linear irregular) 2 (40) 2 (33) 4 (36) NA
Coiled vessels 1 (20) 0 1 (9) NA
Vascular blush/milky-red areas 7 (54) 13 (77) 20 (67) .33

Polymorphous vessels (�2 types) present 4 (31) 9 (53) 13 (43) .32

Abbreviations: DM, desmoplastic melanoma; NA, not applicable.
aBased on the Fisher exact test.
bCrystalline structures can only be seen with polarized dermoscopy (PD) (n = 15). Four pure DMs and 11 mixed DMs were evaluated with PD. Crystalline

structures were present in 12 DMs (80%), specifically in 3 pure DMs (75%) and 9 mixed DMs (82%).

JAMA DERMATOL PUBLISHED ONLINE JANUARY 16, 2013 WWW.JAMADERM.COM
E7

©2013 American Medical Association. All rights reserved.

Downloaded From: http://archderm.jamanetwork.com/ by a Universidad de Barcelona User  on 03/21/2013



biopsy. One retrospective study performed by Debar-
bieux et al7 describes the dermoscopic features of 6 DM
cases. The authors reported that 3 lesions lacked mela-
nocytic criteria but presented with ulceration, vascular
structures, and regression structures including scarlike
areas, peppering, and/or blue-white veil. The other 3 le-
sions presented with melanocytic features such as ir-
regular pigment network or pseudonetwork in addition
to white scarlike areas, peppering (2 lesions), blue-
white veil (2 lesions), and vascular structures (2 le-
sions). These 3 lesions presented in association with a
LM or SSM. Vascular structures were noted in 5 of the 6
lesions and consisted of serpentine vessels (also known
as linear irregular vessels) and/or milky red areas. In ac-
cordance with Debarbieux et al,7 we found that 81% of
DMs revealed vascular structures (n = 30), particularly
atypical vessels and/or vascular blush. When DMs were
separated into histopathologic subtypes, we observed that
pDMs tended to present with monomorphous vessels
(38% [n = 6] vs 35% [n = 5]), whereas mDMs tended to
present with a polymorphous pattern (31% [n = 4] vs 53%
[n = 9]) and vascular blush (54% [n = 7] vs 77% [n = 13])
(Table 3).

Although 38% of the pDMs in the present study lacked
an associated epidermal non-DM component (n = 6), all
of these cases revealed at least 1 atypical vascular struc-

ture (Figures 1B and 2D) (eFigures 1-4). Therefore, it
may be hypothesized that since mDM lesions can reveal
a greater variety of melanoma-specific structures under
dermoscopy (eg, crystalline structures, polymorphous ves-
sels, vascular blush, off-centered blotch, negative net-
work, and peripheral tan structureless areas), they may
be easier to detect than pDM lesions (Figures 1D and 3B
and D). This in turn may result in greater delays in di-
agnosis and greater Breslow thickness at diagnosis for
pDMs (4.01 mm vs 2.83 mm). We suggest that the most
important indicator prompting the dermatologist to per-
form a biopsy to rule out a melanoma may be the pres-
ence of dermoscopic structures associated with the epi-
dermal non-DM component. In cases in which there is
no epidermal component, the presence of atypical vas-
cular structures may lead to a heightened suspicion for
malignant neoplasm (Figures 1B and 2D and eFigures 2
and 4).

Limitations of our study are that it is a retrospective
study of cases that included high-quality dermoscopic im-
ages but did not always include clinical and demo-
graphic information. The histopathologic diagnosis of each
DM lesion was based on the official pathology diagnosis
from the corresponding high-risk dermatology center, and
a second pathologist did not confirm the diagnosis of DM.
Although dermoscopic differences between pDM and

Table 4. Histopathologic Characteristics of Desmoplastic Melanomas

Histopathologic Characteristics

Desmoplastic Melanomasa

P Value
Pure

(n = 16)
Mixed

(n = 21)
All

(n = 37)

Breslow depth, mean (range), mm 4.10 (0.5-12.0) 2.83 (0.5-10.0) 3.38 (0.5-12.0) .22b

Mitotic index, mean (range), mm 1.1 (0-2) 1.9 (0-8) 1.6 (0-8) .19b

Associated epidermal component
Yes 10 (63) 20 (100) 30 (83)

.004cNo 6 (38) 0 6 (17)
Missing data 0 1 (5) 1 (3)

Melanoma subtype

.66c

Lentigo maligna 6 (60) 10 (50) 16 (53)
Superficial spreading melanoma 1 (10) 2 (10) 3 (10)
ALM 0 1 (5) 1 (3)
Not specified 2 (20) 7 (35) 9 (30)

Other associated pathologic condition (Spitz nevus) 1 (10) 0 1 (3)
Ulceration

Present 0 1 (5) 1 (3)
.65cAbsent 7 (44) 12 (57) 19 (51)

Missing data 9 (56) 8 (38) 17 (46)
Regression

Present 1 (6) 5 (24) 6 (16)
.35cAbsent 4 (25) 6 (29) 10 (27)

Missing data 11 (69) 10 (48) 21 (57)
Lymphovascular invasion

Present 1 (6) 2 (10) 3 (8)
.68cAbsent 4 (25) 10 (48) 14 (38)

Missing data 11 (69) 9 (43) 20 (54)
Perineural invasion

Present 5 (31) 4 (19) 9 (24)
.37cAbsent 3 (19) 7 (33) 10 (27)

Missing data 8 (50) 10 (48) 18 (49)

Abbreviation: ALM, acral lentiginous melanoma.
aUnless otherwise indicated, data are reported as number (percentage) of lesions.
bBased on the t test.
cBased on the Fisher exact test.
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mDM were observed, the power of the study did not reach
statistical significance owing to the small number of cases.
However, we believe that it is still important to high-
light these differences, although future larger databases
will be required to validate our findings.

In conclusion, this study demonstrates that dermos-
copy is a useful aid during the evaluation of clinically
equivocal lesions or those with a benign appearance. Al-
though DM can be difficult to diagnose based on clini-
cal morphologic characteristics alone, clinical informa-
tion and risk factors for DM need to be considered when
evaluating indurated and firm lesions on sun-damaged
skin, including male sex, older age, chronic sun expo-
sure, and the presence of an associated LM. In addition,
all lesions suggestive of LM should be palpated and evalu-
ated with dermoscopy. Palpation can lead to the detec-
tion of a subcutaneous nodule, which may be another
clue for the diagnosis of DM. Dermoscopy can provide
additional clues that might heighten the clinical suspi-
cion for DM and may guide the clinician to perform a
biopsy on these otherwise benign-appearing lesions. Com-
mon dermoscopic structures in DM include atypical vas-
cular structures, peppering, or other melanoma-specific
structures.
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