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Abstract
Background: Due to progressive ageing of the population, the incidence of facial len-
tigo maligna (LM) of the face is increasing. Many benign simulators of LM and LMM, 
known as atypical pigmented facial lesions (aPFLs—pigmented actinic keratosis, solar 
lentigo, seborrheic keratosis, seborrheic-lichenoid keratosis, atypical nevus) may be found 
on photodamaged skin. This generates many diagnostic issues and increases the number 
of biopsies, with a subsequent impact on aesthetic outcome and health insurance costs.
Objectives: Our aim was to develop a risk-scoring classifier-based algorithm to es-
timate the probability of an aPFL being malignant. A second aim was to compare 
its diagnostic accuracy with that of dermoscopists so as to define the advantages of 
using the model in patient management.
Materials and Methods: A total of 154 dermatologists analysed 1111 aPFLs and their 
management in a teledermatology setting: They performed pattern analysis, gave an in-
tuitive clinical diagnosis and proposed lesion management options (follow-up/reflectance 
confocal microscopy/biopsy). Each case was composed of a dermoscopic and/or clinical 
picture plus metadata (histology, age, sex, location, diameter). The risk-scoring classifier 
was developed and tested on this dataset and then validated on 86 additional aPFLs.
Results: The facial Integrated Dermoscopic Score (iDScore) model consisted of 
seven dermoscopic variables and three objective parameters (diameter ≥ 8 mm, 
age ≥ 70 years, male sex); the score ranged from 0 to 16. In the testing set, the fa-
cial iDScore-aided diagnosis was more accurate (AUC = 0.79 [IC 95% 0.757–0.843]) 
than the intuitive diagnosis proposed by dermatologists (average of 43.5%). In the 
management study, the score model reduced the number of benign lesions sent for 
biopsies by 41.5% and increased the number of LM/LMM cases sent for reflectance 
confocal microscopy or biopsy instead of follow-up by 66%.
Conclusions: The facial iDScore can be proposed as a feasible tool for managing pa-
tients with aPFLs.
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I N TRODUC TION

Lentigo maligna (LM) is a subtype of melanoma that typ-
ically develops on photodamaged skin in association with 
solar elastosis. It consists of a proliferation of atypical mela-
nocytes along the epidermal basal layer and adnexal struc-
tures.1,2 It can persist within the epidermis for decades before 
progressing to its invasive form, lentigo maligna melanoma 
(LMM).3–5 The face is the site most frequently involved, fol-
lowed by the neck and hairless scalp.1,2 The incidence of LM 
has sharply increased over the last few decades.1–5 Although 
patients in the 7th and 8th decades of life have traditionally 
been considered the most frequently affected, the occur-
rence of LM in younger adults is increasingly reported.6–8

In the last 20 years, dermoscopy has proven effective in 
aiding early recognition of LM/LMM.9–17 Particular empha-
sis has been dedicated to defining dermoscopic features of 
pigmented lesions of the face, including fully benign ones 
(i.e. solar lentigo—SL, seborrheic keratosis—SK, benign li-
chenoid keratosis—BLK and atypical nevus—AN), lesions 
at risk of malignant transformation (i.e. pigmented ac-
tinic keratosis—PAK) and malignant lesions (i.e. LM and 
LMM).12–20 However, several controversies have since arisen: 
(i) dermoscopic clues have been predominantly based on typ-
ical clear-cut lesions18–24; (ii) there has been no firm consen-
sus among researchers regarding the exact definitions and 
names for a variety of dermoscopic features observed in pig-
mented facial lesions, thus creating dozens of terms (nearly 
50) and multiple describing the same feature (Table S1); (iii) 
in clinical practice, LM and LMM turn out to be very difficult 
to distinguish based on dermoscopic findings.6,25,26 Finally, 
we know that some pigmented facial lesions of benign his-
topathology, especially those on photodamaged skin and/
or areas subject to repetitive microtrauma, may look clini-
cally and dermoscopically atypical.6,12–15,27 In particular, we 
define as atypical pigmented facial lesions (aPFLs), all flat 
pigmented facial lesions displaying equivocal dermoscopic 
features, for which the dermatologist is uncertain about the 
diagnosis and needs a skin biopsy to rule out malignancy.27 
This currently generates many unnecessary surgical exci-
sions in a delicate site, as is the face.13,28–31 In this regard, re-
flectance confocal microscopy (RCM) that provides in-vivo 
horizontal histology has proven a useful tool. However, this 
technique is not yet available in many centres, requires long 
training and its diagnostic accuracy on traumatized or in-
flamed lesions is limited.28,32–34

Objectives

Based on these premises, our first aim was to investigate 
the features most frequently associated with a diagnosis of 
LM/LMM in a large series of histopathologically confirmed 
aPFLs paired with clinical and dermoscopic data. Our second 
aim was to develop a risk-scoring classifier-based algorithm, 
which we called facial integrated Dermoscopic Score (iDScore), 
to estimate the probability of an aPFL being malignant. Our 

third aim was to compare the accuracy of intuitive diagnoses 
by a large number of dermoscopists with facial iDScore-aided 
diagnosis. A fourth aim was to define the advantages of using 
this method in patient/lesion management.

M ATER I A L S A N D M ETHODS

This retrospective multicentric study was approved by the 
local Ethics Committee (University Hospital of Siena. Study 
Protocol No. 16801) and carried out in compliance with the 
Helsinki Declaration. All data were de-identified before use.

Integrated aPFL dataset

As previously described,27 we formed an international 
clinico-dermoscopic web registry that we named facial  
iDScore dataset for difficult-to-diagnose aPFLs. It contains 
1197 histologically confirmed cases, that is LM (n = 353), 
LMM (n = 146), SL (n = 266), PAK (n = 231), AN (n = 125), SK 
(n = 48) and BLK (n = 28). Each case consists of a standard-
ized dermoscopic picture and four metadata items: maxi-
mum diameter, site (e.g. orbital area/forehead/nose/cheek/
chin/mouth), age and sex; an anonymized clinical picture 
was available in 60% of cases.

Testing, training and validation sets

In order to train, test and validate the risk model, we ob-
tained two separate sets from the original facial iDScore 
dataset (Table  1) by random split: the first set of 1111 
aPFLs was used to develop the risk-scoring classifier 
(training/testing phase); the second set of 86 cases was the 
external validation set to confirm the results of the pre-
vious phase on a group of new lesions (validation phase). 
Then, proportions of 80% and 20% were chosen to divide 
the set of 1111 cases into training and testing subsets, re-
spectively, maintaining the distribution of the histologies 
comparable.

Teledermoscopic test

All cases were examined online by means of a dedicated 
web platform (https://en.idsco​re.net/proje​cts/facia​l-lesio​ns/
facia​l-lesio​ns-2021), as previously described.27 In particu-
lar, the set of 1111 cases was analysed by 154 participants 
across Europe (dermatologists and dermatology residents), 
while the validation set of 86 cases was examined by three 
expert dermoscopists (MZ, IS, EC). Participants have to 
register before examining cases, indicating his/her experi-
ence in dermoscopy (<1/1–5/5–8/>8 years), their affiliation, 
the country in which they were trained in Dermatology and 
preferred device (personal computer, smartphone, tablet or 
notebook).29
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Each teledermoscopic test was composed of 20 blinded 
cases. Weighted random selection was designed with con-
straints to ensure that: (i) participants affiliated with one 
of the 11 contributing centres did not have to assess the 
images provided by their centre; (ii) participants affiliated 
with a centre outside these 11 centres could assess any le-
sion in the dataset; (iii) the individual test was composed of 
60% benign and 40% malignant cases; (iv) all cases were 
analysed at least once and no case more than four times. 
The chance weight of each case per participant was defined 
by an assignment probability that considered the number 
of evaluations already performed, N1, and the number of 
times the case had been assigned but not evaluated, N2, ac-
cording to the following formula: 1

N1∗1+0.3∗N2+1
. To evalu-

ate each case, participants had to complete five consecutive 
steps: ‘pattern analysis’, ‘intuitive clinical diagnosis’, ‘con-
fidence in diagnosis’, ‘case rating’ and ‘management 
decision’.

The pattern analysis relied on assessment of presence/ab-
sence of a series of 14 dermoscopic features (Table 2) which 
were selected from a pool of 47 definitions (Table S1) based 
on consensus strength and literature data, avoiding dupli-
cates in terminology.15–24 At the end of the testing and vali-
dation phases, a dermoscopic pattern was defined as present/
absent in a specific lesion on the basis of majority consensus 
among the evaluators.

The participants then had to propose an intuitive clin-
ical diagnosis in each case by choosing one of seven aPFL 
histotypes (LM/LMM/PAK/SL/BLK/AN/SK). In the next 
step, they had to express their confidence in this diagno-
sis by choosing among: ‘very confident/mildly confident/
uncertain/mildly under-confident/not confident’ and to 
rate the case as ‘very easy/easy/moderate/difficult/very 
difficult’. Finally, they proposed a management decision 
of ‘follow-up’, ‘RCM examination’ or ‘biopsy’. At the end 
of each case, participants indicated the type of device they 
used to perform the teledermoscopic evaluation. All re-
sponses were recorded through the web platform and an-
alysed as follows.

Statistical analysis

Descriptive statistics with mean and standard deviation 
(mean ± SD) were done for quantitative variables and with 
absolute frequencies and percentages for qualitative variables. 
Univariate analysis was used for dermoscopic and clinical/
personal data (Table  1). Association of the 14 dermoscopic 
features with the seven aPFL histotypes was evaluated by chi-
squared statistics on the whole dataset of 1197 cases. Multiple 
comparison chi-squared tests were performed, correcting for 
false-discovery rate, to investigate significant relationships 
between the different pairs (Table  2). A forward-backward 
stepwise logistic regression based on the area under the ROC 
curve (AUC) was used to develop the scoring model: At each 
step, a variable was added/removed from the model if the 
AUC with/without the variable increased by at least 0.3%. T
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Score thresholds were estimated on the training dataset. The 
initial set of variables consisted of the 14 dermoscopic pat-
terns, sex, age (categorized with a cut-off that increased in 
10-year steps) and maximum diameter (categorized with a 
cut-off in 2-mm steps). AUC, sensitivity and specificity for 
selected cut-offs were assessed to evaluate the performance of 
the stepwise model. A significance level of 95% was chosen. 
Statistical analysis was performed with R version 4.1.1.

R E SU LTS

Participant data

The 154 online participants had an average age of 36.5 years 
(±10.6 SD; range 24–67 years); 72 males (46.8%) and 82 

females (53.2%); 102 (66.2%) were dermatologists and 52 
(33.8%) dermatology residents. They were from 17 countries 
(in Europe, the United States, South America and Australia). 
Thirty-four participants (22.1%) had <1 year of experience in 
dermoscopy (skill level I), 44 (28.6%) had 1 to 4 years (level 
II), 22 (14.3%) had 5 to 8 years (level III) and 54 (35.1%) had 
>8 years of experience (level IV).

Integrated aPFL dataset

The descriptive statistics of the aPFL datasets used to train, 
test and validate the facial iDScore are reported in Table 1. 
Average lesion diameter was 10.4 mm (range 1–53 mm), 
and 50% of aPFLs were on the cheek; patients averaged 
65.4 ± 14.2 years of age, and the F/M distribution was 

T A B L E  2   Distribution and association analysis (p) of 14 dermoscopic features, assessed by 154 dermoscopists among 1111 atypical pigmented facial 
lesions (aPFLs) in a teledermoscopy setting.

Dermoscopic 
features

AN (111) LM (329)
LMM 
(143) PAK (209) SK (38) BLK (21) SL (260) p

n (%) of positive observations according to 3/4 concordant participant

Hyperpigmented 
follicular 
openings

28 (25.2%) 191 (58.1%) 81 (56.6%) 59 (28.2%) 12 (31.6%) 5 (23.8%) 75 (28.8%) <0.001a,b,h,i,j,k,l,m,n,o

Target-like pattern 15 (13.5%) 79 (24.0%) 41 (28.7%) 24 (11.5%) 5 (13.2%) 1 (4.8%) 13 (5%) <0.001b,f,h,k,l,m,o,r

Annular-grannular 
pattern

23 (20.7%) 142 (43.2%) 57 (39.9%) 77 (36.8%) 9 (23.7%) 17 (81%) 63 (24.2%) <0.001a,b,c,d,i,j,k,m,o,p,r,s,t

Pigment 
rhomboids/
polygons

17 (15.3%) 149 (45.3%) 72 (50.3%) 47 (22.5%) 7 (18.4%) 4 (19%) 32 (12.3%) <0.001a,b,h,i,j,k,l,m,p

Obliterated 
follicular 
openings

29 (26.1%) 98 (29.8%) 78 (54.5%) 25 (12%) 8 (21.1%) 1 (4.8%) 18 (6.9%) <0.001a,b,h,i,j,k,l,m,n,o,r

Red structures and 
lines

9 (8.1%) 58 (17.6%) 22 (15.4%) 73 (34.9%) 6 (15.8%) 2 (9.5%) 24 (9.2%) <0.001c,h,k,l,r

Keratin plugs 16 (14.4%) 70 (21.3%) 38 (26.6%) 69 (33%) 12 (31.6%) 2 (9.5%) 45 (17.3%) <0.001c,h,r

Lightbrown 
fingerprint-like 
structures/
areas

13 (11.7%) 45 (13.7%) 26 (18.2%) 20 (9.6%) 12 (31.6%) 2 (9.5%) 78 (30%) <0.001e,r,j,k,o,q,r

Moth-eaten 
borders

18 (16.2%) 64 (19.5%) 28 (19.6%) 34 (16.3%) 12 (31.6%) 6 (28.6%) 111 (42.7%) <0.001f,k,o,r

Diffuse opaque 
yellow-brown 
pigmentation

22 (19.8%) 77 (23.4%) 19 (13.3%) 51 (24.4%) 9 (23.7%) 3 (14.3%) 127 (48.8%) <0.001f,g,k,l,o,r,t,u

Fat fingers 5 (4.5%) 16 (4.9%) 7 (4.9%) 5 (2.4%) 6 (15.8%) 2 (9.5%) 30 (11.5%) <0.001k,q,r

Milia-like cysts 13 (11.7%) 23 (7%) 14 (9.8%) 16 (7.7%) 5 (13.2%) 0 (0%) 29 (11.2%) 0.274
Comedo-like 

openings
14 (12.6%) 29 (8.8%) 19 (13.3%) 15 (7.2%) 9 (23.7%) 2 (9.5%) 24 (9.2%) 0.054

Evident and regular 
follicular 
openings

39 (35.1%) 123 (37.4%) 39 (27.3%) 110 (52.6%) 17 (44.7%) 7 (33.3%) 144 (55.4%) <0.001c,f,h,k,l,o

Note: aAN – LM are statistically different; bAN – LMM are statistically different; cAN – PAK are statistically different; dAN – BLK are statistically different; eAN – SK are 
statistically different; fAN – SL are statistically different; gLM – LMM are statistically different; hLM – PAK are statistically different; iLM – BLK are statistically different; jLM 
– SK are statistically different; kLM – SL are statistically different; lLMM – PAK are statistically different; mLMM – BLK are statistically different; nLMM – SK are statistically 
different; oLMM – SL are statistically different; pPAK – BLK are statistically different; qPAK – SK are statistically different; rPAK – SL are statistically different; sBLK – SK are 
statistically different; tBLK – SL are statistically different; uSK – SL are statistically different.
Abbreviations: AN, atypical nevus; BLK, seborrheic-lichenoid keratosis; LM, lentigo maligna; LMM, lentigo maligna melanoma; PAK, pigmented actinic keratosis; 
SK, seborrheic keratosis; SL, solar lentigo.
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51.5%/48.5%. Benign cases were 698 (58.3%), while malig-
nant (LM + LMM) were 499 (41.6%).

Teledermoscopic test

Table 1 shows the results of pattern analysis of the subset of 
1111 lesions (descriptive statistics and association analysis). 
Table S2 shows the results of pattern analysis performed by 
the three experts on the validation set of 86 lesions: A pool of 
34.2 parameters was obtained from 2445 online evaluations 
of the 14 patterns. Four patterns showed a predominance in 
malignant aPFLs compared with benign aPFLs, namely ‘hy-
perpigmented follicular openings’ (in 58.1% LM and 56.6% 
of LMM), ‘pigment rhomboids/polygons’ (in 45.3% of LM 
and 50.3% of LMM), ‘obliterated follicular openings’ (in 
29.8% of LM and 54.5% of LMM) and ‘target-like pattern’ 
(24% and 28.7%). Then, the ‘annular-granular pattern’ was 
prevalent in BLK group (i.e. 81% of cases), the ‘red structures 
and lines’ and ‘keratin plugs’ were prevalent in PAK group 
(35% and 33% of cases, respectively). The ‘evident and regu-
lar follicular openings’, ‘diffuse opaque yellow-brown pig-
mentation’ and ‘moth-eaten borders’ were prevalent in the 
SL group (55.4%, 48.8% and 42.7% of cases). The ‘comedo-
like openings’, ‘fat fingers’ and ‘milia-like cysts’ were slightly 
more prevalent in the SK group (23.7%, 15.8% and 13.2% of 
cases, respectively). Finally, the ‘lightbrown fingerprint-like 
structures/areas’ were prevalent in SK (31.6%) and SL (30%) 
groups than in other aPFLs classes.

Figure  1 compares the intuitive clinical diagnoses with 
the histopathological diagnoses: (i) the most common mis-
diagnosis was LM instead of LMM (41%), followed by SL in-
stead of PAK (19%), LM instead of AN (19%), SL instead of 
LM (15%), SK instead of AN (15%) and LMM instead of LM 
(12%); (ii) BLK showed the highest percentage of correct in-
tuitive diagnosis (67%), followed by SL (50%), AN (45%), PAK 
(42%), LMM/LM (both 41%) and SK (37%). Concerning the 
device used, we observed a predominance (70%) of personal 
computer alone (i.e. 1637 out of 2445 online evaluations), fol-
lowed by notebook (n = 420), smartphone (n = 261) and tab-
let (n = 65). Multiple devices were used as follows: personal 
computer + notebook (22 times), smartphone + notebook (33 
times) or all three together (5 times).

Facial iDScore model

The facial iDScore model was created with 10 parameters: 
three objective clinical data items (i.e. maximum diame-
ter ≥ 8 mm, age ≥ 70 years, male sex), and seven dermoscopic 
features, each associated with a different partial score 
(Table  3). Presence of rhomboidal structures, obliterated 
follicle openings or target-like pattern was rated 2, presence 
of hyperpigmented follicle openings was rated 1, absence of 
diffuse opaque yellow-brown pigmentation or light brown 
fingerprint-like structures/areas or red structures and 
lines was also rated 1. Table 4 illustrates the distribution of 

partial scores (S) between the sets of 1111 and 86 aPFLs in 
the training, testing and validation phases. An aPFL with 
S = 0–2 was considered low-risk, and only monitoring was 
suggested; an aPFL with S = 3–9 was considered medium-
risk, and RCM examination was suggested (or if not availa-
ble, a punch biopsy); an aPFL with S = 10–16 was considered 
high-risk, and immediate biopsy or complete excision was 
suggested. Figure  2 shows some examples of challenging 
aPFLs with overlapping clinical and dermoscopic features 
and facial iDScores.

F I G U R E  1   Comparison of intuitive clinical diagnosis assessed by 
154 dermatologists on the subset of 1111 atypical pigmented facial lesions 
with the corresponding histopathologic reports.

T A B L E  3   Checklist selected by risk scoring classifier system 
for the differential diagnosis of LM/LMM from other clinically and 
dermoscopically atypical pigmented facial lesions (aPFLs).

10 Variables Coefficient

Maximum diameter ≥ 8 mm 3

Age ≥ 70 years 2

Male sex 1

Presence of rhomboidal structures 2

Presence of obliterated follicular openings 2

Presence of target-like pattern 2

Presence of hyperpigmented follicular openings 1

Absence of diffuse opaque yellow-brown 
pigmentation

1

Absence of lightbrown fingerprint-like structures/
areas

1

Absence of red structures and lines 1

Total score 0–16

Partial score Risk classification Management 
suggestion

S = 0–2 Low-risk lesion Short follow-up

S = 3–9 Medium-risk lesion RCM/biopsy

S = 10–16 High-risk lesion Biopsy/
complete 
excision
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T A B L E  4   Frequency of distribution of partial score throughout the training, testing and validation set according to 2396 dermoscopic assessments 
on atypical pigmented facial lesions (aPSLs).

Risk score

Training phase (dataset of 1111 aPSLs) Testing phase (dataset of 1111 aPSLs) Validation phase (dataset of 86 aPSLs)

Frequency in 673 
evaluations of 472 
LM/LMM cases

Frequency in 
1042 evaluations 
of 639 other 
aPFLs cases

Frequency in 168 
evaluations of 472 
LM/LMM cases

Frequency 
in 261 
evaluations 
of 639 other 
aPFLs cases

Frequency in 75 
evaluations of 27 LM/
LMM cases

Frequency in 177 
evaluations of 59 
aPFLs cases

0 0 (0.0%) 1 (0.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 4 (2.3%)
1 0 (0.0%) 18 (1.7%) 0 (0.0%) 1 (0.4%) 0 (0.0%) 10 (5.6%)
2 0 (0.0%) 55 (5.3%) 1 (0.6%) 14 (5.4%) 0 (0.0%) 20 (11.3%)
S = 0–2 0 (0.0%) 74 (7.1%) 1 (0.6%) 15 (5.7%) 0 (0.0%) 34 (19.2%)
3 2 (0.3%) 95 (9.1%) 4 (2.4%) 22 (8.4%) 0 (0.0%) 26 (14.7%)
4 9 (1.3%) 119 (11.4%) 5 (3.0%) 21 (8.0%) 13 (17.3%) 33 (18.6%)
5 26 (3.9%) 152 (14.6%) 4 (2.4%) 53 (20.3%) 8 (10.7%) 25 (14.1%)
6 51 (7.6%) 170 (16.3%) 12 (7.1%) 43 (16.5%) 11 (14.7%) 27 (15.3%)
7 60 (8.9%) 139 (13.3%) 14 (8.3%) 32 (12.3%) 7 (9.3%) 6 (3.4%)
8 95 (14.1%) 120 (11.5%) 21 (12.5%) 30 (11.5%) 11 (14.7%) 9 (5.1%)
9 94 (14.0%) 74 (7.1%) 30 (17.9%) 15 (6.1%) 5 (6.7%) 4 (2.3%)
S = 3–9 337 (50.1%) 869 (83.4%) 90 (53.6%) 216 (82.8%) 75 (73.3%) 130 (73.4%)
10 74 (11.0%) 48 (4.6%) 15 (8.9%) 14 (5.4%) 6 (8.0%) 4 (2.3%)
11 87 (12.9%) 35 (3.4%) 15 (8.9%) 9 (3.4%) 2 (2.7%) 6 (3.4%)
12 54 (8.0%) 12 (1.2%) 14 (8.3%) 3 (1.1%) 2 (2.7%) 0 (0.0%)
13 52 (7.7%) 2 (0.2%) 14 (8.3%) 0 (0.0%) 4 (5.3%) 1 (0.6%)
14 36 (7.7%) 2 (0.2%) 11 (6.5%) 2 (0.8%) 0 (0.0%) 0 (0.0%)
15 24 (3.6%) 0 (0.0%) 5 (3.0%) 0 (0.0%) 6 (8.0%) 2 (1.1%)
16 9 (1.3%) 0 (0.0%) 3 (1.8%) 1 (0.4%) 0 (0.0%) 0 (0.0%)
S = 10–16 336 (49.9%) 99 (9.5%) 77 (45.8%) 29 (11.1%) 20 (26.7%) 13 (7.3%)
Total evaluations 673 1042 168 261 75 177

F I G U R E  2   Example of different aPFLs of the face and corresponding iDScore: 10 mm pigmented actinic keratosis in the temporal area of a 73-year-
old woman (a, b) score 5; a 8.5 mm lentigo maligna on the forehead of a 75-year-old man, score 14 (c, d); a 6 mm seborrheic-lichenoid keratosis of the 
orbital area in a 81-year-old woman, score 3 (e, f); a 5 mm atypical nevus of the forehead in a 43-year-old man, score 2 (g, h); a 7 mm seborrheic keratosis 
on the cheek of a 50-year-old man; a 15 mm solar lentigo on the check of a 88-year-old woman (k, l).
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Diagnosis study

Figure  3 compares the performance obtained with facial 
iDScore-aided diagnosis and with intuitive clinical diagnosis 
by 157 dermatologists/residents in the training, testing and 
validation phases. On average, the facial iDScore-aided diag-
nosis was more accurate in differentiating LM/LMM from 
other aPFLs (+40%). AUC values for the facial iDScore were 
0.83, 0.79 and 0.77 on the training, testing and validation 
set, respectively. For a score threshold of St = 2, sensitivity 
was 100% (Table 4) and specificity 19.2%; for St = 9, sensitiv-
ity was 73.3% and specificity 26.7%. On the contrary, the 
average diagnostic accuracy of intuitive clinical diagnosis 
was 43.5%, including a mean accuracy of 45.1% on 444 cases 
with both clinical and dermoscopic data, and 41.2% on 667 
cases with dermoscopic picture only. Less experienced der-
matologists (skill levels I and II) reached an average accuracy 
of 42.1%, while more experienced dermatologists (skill levels 
III + IV) obtained a mean accuracy of 44.2%.

Management study

Figure  4 compares the management response rates (fol-
low-up/reflectance confocal microscopy/biopsy) of the 157 
dermatologists/residents assessed through 2445 online eval-
uations with the corresponding facial iDScores. In the malig-
nant aPFLs group (n = 499), dermatologists/residents chose 
follow-up in 23%, RCM in 24% and biopsy in 53% of 953 on-
line evaluations; according to the facial iDScore model, RCM 
was suggested in 53% and biopsy in 47% of evaluations (only 
one dermoscopically featureless LM scored S = 1 in the test-
ing phase (Table 4) and was evaluated as to be followed-up 
and to be assigned to RCM by 2 participants, Figure 4). In 
the benign aPFLs group (n = 698), dermatologists prescribed 
follow-up in 53%, RCM in 25% and skin biopsy in 23% of 
1492 evaluations; conversely, the facial iDscore model sug-
gested follow-up in 9%, RCM in 82% and biopsy in 9% of 
evaluations.

DISCUSSION

Dermoscopic differential diagnosis of malignant and 
benign pigmented lesions of the face is still a clinical 
challenge.1,9,13,28–30 Indeed, a high ‘number needed to bi-
opsy’ ratio, ranging from 7.5 to 40.5, is currently reported. 
This has a negative impact on healthcare costs and aesthetic 
outcomes.31,35 Histology remains the gold standard for diag-
nostic confirmation, though in some cases it may be chal-
lenging for the pathologist to differentiate between early LM 
and ultraviolet-induced melanocytic hyperplasia in chroni-
cally sun-damaged skin.1,32,36

The present scoring classifier-based model is innovative 
in many respects. Firstly, it was specifically designed to dif-
ferentiate LM/LMM from five simulators (PAK/SL/BLK/AN/

SK) instead of being limited to a univocal differential diag-
nosis.37 Secondly, it is the first model trained over a dataset 
including a percentage of SK and AN cases with equivocal 
appearance in the group of benign simulators. These types 
are not uncommon in clinical practice, especially on pho-
todamaged facial skin.18–24 Thirdly, while other existing 
checklists were based on pattern analysis by very few se-
lected experts, the present model relies on a pool of 34,244 
dermoscopic data items obtained by 147 dermoscopists. 
These data were further processed to obtain a statistically 

F I G U R E  3   Comparative analysis of performance of intuitive 
diagnosis and facial iDScore-aided diagnosis by 154 dermatologists on 
1197 atypical pigmented facial lesions, expressed as average AUC (area 
under the ROC curve) in training/testing/validation phases. The facial 
iDScore showed an AUC of 0.83 [IC 95%: 0.811–0.849] on the training set 
(red line), 0.79 [IC 95%: 0.757–0.843] on the testing dataset (green line) 
and 0.774 [IC 95%: 0.716–0.832] on validation set (blue line). Estimated 
AUC for intuitive clinical diagnosis was 0.69 [IC 95%: 0.673–0.717] on the 
training set (red dashed line), 0.68 [IC 95%: 0.637–0.727] on the testing set 
(green dashed line) and 0.63 [IC 95%: 0.579–0.699] (blue dashed line).
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significant dermoscopic signature for each lesion, a method 
that also helps avoid evaluator bias.37–40 Fourthly, the model 
maintained satisfactory accuracy when tested over a new 
heterogeneous set of 86 difficult lesions with higher vari-
ability (i.e. ‘validation set’) confirming the robustness of the 
statistical method.41

Based on the data collected through teledermoscopic test-
ing, the dermoscopic differential diagnosis of seven aPFLs 
turned out to be challenging for less experienced and expert 
dermoscopists alike (accuracies of 42% and 44%, respec-
tively) and the addition of the clinical picture did not help 
significantly (3% improvement in accuracy). In particular, 
many SL were misdiagnosed as LM and PAK, while AN were 
interpreted as LM or SK. The differentiation between LM and 
LMM was difficult for all participants, 41% of LMM cases 
being misdiagnosed as LM and 12% of LM cases as LMM.25

The proposed facial iDScore model allows rapid and easy 
calculation of the lesion partial score during a visit. It ranges 
from 0 to 16, without negative values or decimals, and is based 
on three items of objective data, four ‘positive’ dermoscopic 
features and two ‘negative’ dermoscopic features. This is also 
in line with the dermoscopic inverse approach recently pro-
posed for managing flat pigmented lesions of the face.42 Based 
on the diagnostic and management tests described here, we 
conclude that the facial iDScore model offers multiple advan-
tages in terms of diagnosis and management, namely (i) an 
increase (+40%) in the overall number of correct diagnoses; 
(ii) a significant increase (+59%) in correct LM/LMM diag-
noses; (iii) a significant reduction (−41.5%) in the number of 
excisions of benign lesions; (iv) a relevant increase (+65.8%) 
in the number of LM/LMM cases sent for biopsy and RCM, 
cases which would otherwise merely have been monitored.

Two limitations of the study are its retrospective design 
which determined the final composition of the facial iDScore 
dataset of 41% of LM/LMM and 59% of aPFLs, thus intro-
ducing possible selection bias. Second, although the clinical 
picture was available for only 60% of aPFLs, the final diag-
nostic accuracy did not appear to be affected.

It is currently debated whether computer deep-learning-
based algorithms, such as appropriately trained convolu-
tional neural networks, may surpass dermatologists in the 
non-invasive diagnosis of challenging equivocal pigmented 
skin lesions.43,44 These tools are still mainly limited to re-
search settings. Most dermoscopists find it hard to trust a 
numerical output or have trouble translating the number 
into a practical management decision.45,46 In this scenario, 
a simple Bayesian model based on scoring classifiers, such as 
the facial iDScore model introduced here, can be proposed 
as a rapid and easy tool for variously experienced derma-
tologists following the clinical dermoscopic examination of 
aPFLs.
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