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Abstract

Background Basal cell carcinoma (BCC) is the most prevalent form of skin cancer. Accurate histological subtyping is essential
for appropriate therapeutic planning, particularly for infiltrative variants associated with higher recurrence rates. Noninvasive
imaging modalities such as dermoscopy and reflectance confocal microscopy (RCM) may enhance the diagnostic precision of
BCC subtyping prior to treatment.

Objectives To validate dermoscopic criteria and identify RCM features associated with distinct BCC subtypes in a larger cohort
and to improve the accuracy of noninvasive BCC subtyping and support precision treatment planning.

Methods This was a prospective multicentre study conducted between August 2017 and June 2019 across three centres in
Northern Italy. In total, 281 histologically confirmed BCCs from 256 patients were analysed. Each lesion underwent stand-
ardized clinical, dermoscopic and handheld RCM evaluation prior to biopsy. Subtype-specific features were recorded and
correlated with histopathology. Interobserver agreement was assessed using Cohen’s kappa, and diagnostic performance
was evaluated via sensitivity, specificity and the area under the receiver operating characteristic curve (AUC). The study was
registered at Clinicaltrials.gov (NCT04789421).

Results Among the 281 BCCs, 15% were superficial, 38% were nodular and 47% were infiltrative. Dermoscopically, superficial
BCCs exhibited brown globules and shiny white-red structureless areas; nodular BCCs presented blue structures, arborizing
vessels and ulceration; infiltrative BCCs showed white porcelain areas and lacked pigmentation. RCM identified streaming
and cords in superficial BCCs (P=0.003; threefold risk), large tumour islands in nodular BCCs, and dark silhouettes in infiltra-
tive BCCs (P=0.005; two-threefold risk). Diagnostic accuracy improved with combined dermoscopy and RCM. Sensitivity for
superficial BCC increased from 74.4% [95% confidence interval (Cl) 60.2-85.8] to 81.4% (95% Cl 68.1-91.0), specificity from
97.9% (95% C1 95.5-99.5) to 98.3% (95% Cl 96.1-99.5), and AUC reached 0.899.

Conclusions The integration of dermoscopic and RCM findings significantly enhances the noninvasive preoperative classifica-
tion of BCC subtypes. This approach improves diagnostic accuracy and may inform more precise, subtype-tailored manage-
ment, reducing treatment failures and supporting personalized dermatological care.
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What is already known about this topic?

« Dermoscopy and reflectance confocal microscopy (RCM) are established tools for diagnosing basal cell carcinoma (BCC), but
their role in accurately subtyping BCC prior to treatment has been limited and based on small, retrospective cohorts.

What does this study add?

« Thislarge, prospective multicentre study validates specific dermoscopic and RCM criteria for BCC subtypes and shows that their
combined use significantly improves diagnostic accuracy and subtype classification.

Surgical excision represents the first-line treatment for basal cell
carcinoma (BCC).! However, as the most common form of skin
cancer, BCC may also be managed with nonsurgical therapies in
selected cases, particularly for low-risk superficial subtypes or in
older patients with comorbidities.?

Therefore, accurate pretreatment subtyping of BCC is essential
for optimal patient management. While histopathology remains
the gold standard for subtype classification, noninvasive diagnos-
tic tools can provide rapid, bedside assessments to guide treat-
ment decisions.?

BCC diagnosis typically relies on a combination of clinical and
dermoscopic evaluation, which has demonstrated a diagnostic
sensitivity of 93%.* A recent systematic review of 5950 BCCs sum-
marized dermoscopic features by subtype but reported signifi-
cant heterogeneity across studies.” Notably, the ability to distin-
guish superficial BCCs from other subtypes showed a sensitivity
of only 82%.3

Reflectance confocal microscopy (RCM) is an advanced imaging
modality that enables in vivo visualization of cellular and architec-
tural skin features. Although RCM has been widely applied to BCC
diagnosis, only a limited number of studies - typically involving
up to 123 lesions - have explored its role in subtype classification
compared with histopathology.>%’

This prospective, multicentre study aims to validate dermo-
scopic criteria and identify RCM features associated with distinct
BCC subtypes in a larger cohort. By doing so, we seek to improve
the accuracy of noninvasive BCC subtyping and support precision
treatment planning.

Patients and methods

This is a prospective and multicentre study conducted at three
Northern Italy centres: the Skin Cancer Center of Istituto di
Ricovero e Cura a Carattere Scientifico of Reggio Emilia, the
Dermatology Department of the University of Modena and Reggio
Emilia, and the Skin Cancer Unit of Istituto Romagnolo per lo
Studio dei Tumori and Ravenna Hospital, Ravenna-Forli.

All centres involved shared standardized patient access and
treatment protocols, in accordance with national and regional
healthcare regulations. This pivotal study included all consec-
utive lesions clinically and dermoscopically suspected to be
BCCs, assessed between August 2017 and June 2019. Inclusion
criteria for the current study were the histopathological diagno-
sis of BCC, including subtype classification, as well as clinical,
dermatoscopic and RCM images of the lesion. Exclusion criteria
included hyperkeratotic or fully ulcerated lesions; no anatomical
site was excluded provided that the lesion was assessable by both

dermoscopy and RCM. This design ensured a robust and stand-
ardized dataset for evaluating diagnostic accuracy across imaging
modalities. Patients provided written informed consent prior to
participation. The study was approved by the local ethics commit-
tee (protocol number 3844/C.E.) and registered at Clinicaltrials.
gov (NCT04789421).

Basal cell carcinoma subtype definition

Histopathological BCC subtype classification was performed
according to a standardized, simplified scheme, categorizing
tumours as superficial, nodular or infiltrative. The infiltrative cate-
gory encompassed infiltrating, sclerosing and micronodular sub-
types, in line with a recent consensus classification.®

This prospective study included only fully excised lesions,
excluding punch or shave biopsies, to ensure complete histo-
pathological evaluation. Mixed BCC subtypes were excluded
unless a predominant histological component could be clearly
identified and classified.

Clinical, dermoscopy and reflectance
confocal microscopy imaging

After obtaining written informed consent, clinical and dermo-
scopic images were collected with a dermatoscope (DermLite
DL1; 3Gen, Aliso Viejo, CA, USA) mounted on a camera and RCM
through the handheld tool (Vivascope 3000; MAVIG GmbH, Munich,
Germany), following established imaging protocols.>*°

For each lesion, an expert evaluator provided a bedside diag-
nosis of either ‘superficial BCC’ or ‘nonsuperficial BCC’ based on
the combined clinical, dermoscopic and RCM assessment. Clinical
data (biological sex, age) from each patient were retrieved, and
clinical images were evaluated according to skin site (head-
neck, trunk, upper and lower limbs), palpability (flat, papule and
plaque/nodule) and degree of pigmentation (amelanotic, lightly
pigmented, dark).

Dermatoscopic variables, according to previous papers,>°
were taken into account: multiple blue-grey dots, large blue-grey
ovoid nests/globules, leaf-like structures, concentric/spoke wheel
structures, arborizing vessels, short fine telangiectasias, ulcera-
tion, multiple small erosions, multiple aggregate yellow globules,
shiny white structures, milky-red structureless areas and white
porcelain areas.

RCM features for BCCs include streaming of the epidermis, small
tumour islands, big tumour islands, cords connected to the epi-
dermis, dark silhouette, clefting, ulceration/erosion, peripheral
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palisading, increased vascularization, collagen surrounding
tumour islands and inflammation.>*

Allimages were independently evaluated by two expert readers
-one with over 10 years of experience and the other with less than
10 years - in dermoscopy and RCM. This dual-reader approach
allowed for assessment of interobserver agreement and ensured
consistency in feature recognition. Clinical and dermoscopic
images were initially reviewed together for dermoscopy-only
assessment, followed by a subsequent evaluation in which the
complete set of images (clinical, dermoscopic and RCM) was pro-
vided for combined dermoscopy and RCM analysis. Evaluations
were blinded to the histopathological BCC subtype diagnosis.

Statistical analysis

Statistical analyses were performed with SPSS® software version
24 (IBM, Armonk, NY, USA). Qualitative variables were summa-
rized as absolute and relative frequencies and compared using
Pearson’s y* test or Fisher’s exact test, as appropriate. Quantitative
variables were reported as mean (SD) and compared using the
unpaired Student’s t-test.

Diagnostic performance metrics, including sensitivity, speci-
ficity and 95% confidence intervals (Cls), were calculated for the
diagnosis of superficial BCC using dermoscopy and RCM, both
before and after the study’s findings were known. Receiver oper-
ating characteristic (ROC) curves were generated, and the area
under the curve (AUC) was calculated. According to established
thresholds, an AUC of <0.5 is nondiscriminant, 0.7-0.8 is accept-
able, 0.8-0.9 is excellent, and > 0.9 is outstanding.

Interobserver agreement for dermoscopic and RCM criteria was
assessed using Cohen’s kappa statistic. Cohen’s kappa values were
interpreted as follows: < 0.2 indicated poor agreement, between
0.21 and 0.40 fair agreement, between 0.41 and 0.60 moderate
agreement, between 0.61 and 0.80 substantial agreement, and >
0.81 to 1.00 indicated almost perfect agreement.

The alpha level was set at < 0.05.

Results
Study population

Overall, 256 patients [mean (SD) age 68.5 (11.5) years, range 22-95]
with 281 histopathologically confirmed BCCs were included in the
current study. All patients were White and were Fitzpatrick skin
types I-lll. Overall, 15% were superficial BCCs, 38% were nodular
and 47% were infiltrative BCCs (Table 1).

Clinical data

A slight predominance of male patients was observed, although
this difference was not statistically significant. Patients older than
68 years were significantly more likely to present with nonsuper-
ficial BCCs (P=0.010), particularly when comparing superficial vs.
infiltrative subtypes (Table 1).

Most of the BCCs were located on the head and neck, particu-
larly nodular and infiltrative BCCs, while superficial BCCs were
prevalent on the trunk (P=0.001). Nodular BCCs appeared for the
most part as papules and nodules, while superficial BCCs were flat
or papules; infiltrative BCCs commonly presented as flat or nod-
ules/plaques (P=0.001) (Table 1).

Additionally, over half of all BCCs were nonpigmented with a
similar distribution across all subtypes, while the clinical parame-
ter ‘dark pigmentation’ was slightly more frequent in nodular BCC
compared with other subtypes (P=0.002) (Table 1).

Dermoscopic findings

The distribution of dermoscopic features varied significantly
across BCC subtypes. Brown structures were significantly asso-
ciated with superficial BCCs, compared with nodular BCCs
(P=0.017) and infiltrative BCCs (P=0.000) (Figure 1a), and blue
structures were significantly associated with nodular BCCs, com-
pared with superficial ones (P=0.023) (Figure 1c, Table 1).

Nonsuperficial BCCs frequently exhibited milky-red areas and
arborizing vessels; ulceration was commonly observed in both
nodular and, particularly, infiltrative subtypes (Figure 1e). Finally,
shiny white-red structureless areas were significantly associated
with superficial BCCs compared with nodular BCCs (Table 1).

Reflectance confocal microscopy

In the univariate analysis, specific RCM features were found to
be significantly associated with BCC subtypes. Streaming of the
epidermis and cords connected to the epidermis was more rep-
resented in superficial BCCs, big tumour islands in nodular BCCs
and dark silhouettes in infiltrative BCCs (Table 1, Figure 1).

The multivariate logistic regression model confirmed these
associations. Streaming of the epidermis was associated with a
threefold increased likelihood of superficial BCC (P=0.003), and
cords connected to the epidermis with a twofold increased likeli-
hood (P=0.040), both compared with nodular BCCs. Furthermore,
the presence of a dark silhouette was significantly associated
with a two-threefold increased risk of infiltrative BCC, compared
with both nodular (P=0.005) and superficial subtypes (P=0.017)
(Table 2).

Interobserver agreement

For dermoscopic features, substantial agreement was observed
for the majority of parameters, while moderate agreement was
noted for multiple blue-grey dots, and fair agreement for multi-
ple small erosions.

Regarding RCM features, moderate agreement was found for
clefting and increased vascularization, whereas substantial agree-
ment was achieved for all other evaluated features (Table 3).

Diagnostic accuracy

Diagnostic accuracy for BCC subtyping was assessed by evaluating
the ability of dermoscopy and RCM to correctly identify superficial
BCCs, using histopathology as the reference standard (Figure 2).

Prior to the study’s findings, the combined use of dermoscopy
and RCM yielded a sensitivity of 74.4% (95% Cl 60.2-85.8) and a
specificity of 97.9% (95% CI 95.5-99.5), with an excellent AUC of
0.821.

Following the study’s analysis and refinement of diagnostic cri-
teria, sensitivity improved to 81.4% (95% Cl 68.1-91.0) and speci-
ficity increased to 98.3% (95% Cl 96.1-99.5), with a corresponding
AUC of 0.899, indicating a notable enhancement in diagnostic per-
formance (Figure 2).
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Table 1 Demographic, clinical and histopathological data of a total of 281 basal cell carcinomas (BCCs) included in the study

P-values
sBCC nBCC iBCC
Total (n=43, (n=106, (n=132, sBCCvs. nBCCvs. sBCCvs.
(n=281) 15%) 38%) 47%) Overall nBCC iBCC iBCC
Sex
Female 115 (41) 21(49) 45 (42) 49 (37) 0.367 0.477 0.403 0.173
Male 166 (59) 22(51)  61(58) 83 (63)
Age (years)
<68 127 (45) 28(65) 48 (45) 51 (39) 0.010*  0.028*  0.301 0.002*
> 68 154 (55) 15(35)  58(55) 81 (61)
Location
Head-neck 177 (63) 14 (33) 65 (61) 98 (74) 0.001* 0.010* 0.196 0.000*
Trunk 78 (28) 23(53)  30(28) 25 (19)
Upper limbs 9(3) 1(2) 4 (4) 4(3)
Lower limbs 17 (6) 5(12) 7(7) 5(4)
Palpability
Flat 70 (25) 19 (44) 2(2) 49 (37) 0.001*  0.000*  0.000*  0.268
Papule 108 (38) 15(35)  55(52) 38 (29)
Nodule/plaque 103 (37) 9(21) 49 (46) 45 (34)
Clinical pigmentation
Amelanotic 157 (56) 28(65) 54 (51) 75 (57) 0.002*  0.043*  0.001*  0.623
Light 76 (27) 11(26)  22(21) 43(33)
Dark 48 (17) 4(9) 30 (28) 14 (11)
Dermoscopy
Multiple blue-grey dots 75 (27) 10 (23) 35(33) 30 (23) 0.175 0.649 0.043* 0.280
Blue structures 93 (33) 11 (26) 41 (39) 41 (31) 0.242 0.023* 0.099 0.234
Brown structures 39 (14) 12 (28) 15 (14) 12 (9) 0.008* 0.017* 0.043* 0.000*
Arborizing vessels 164 (58) 8(19) 68 (64) 88 (67) 0.001* 0.000* 0.433 0.000*
Short fine telangiectasias 39 (14) 6(14) 9(9) 24 (18) 0.099 0.229 0.014* 0.531
Ulceration 142 (50) 16(37) 50 (47) 76 (58) 0.046*  0.008*  0.037*  0.000*
Multiple small erosions 41 (15) 11(26)  13(12) 17 (13) 0.085 0.027*  0.482 0.089
MAY globules 53(18.9)  2(4.7) 33(31.1) 18(13.6) 0.240 0.098 0.909 0.108
Shiny white-red structureless areas 174 (61.9) 25(58.1) 94(88.7) 55(41.7) 0.056 0.017* 0.445 0.060
Milky-red areas 120(42.7)  4(9.3) 52(49.1) 64(48.5) 0.000*  0.000*  0.930 0.000*
White porcelain areas 50(17.8) 1(2.3) 29(27.4) 20(15.2) 0.040* 0.173 0.118 0.025*
RCM
Streaming of the epidermis 84 (30) 20(47)  20(19) 44 (33) 0.002*  0.012*  0.012*  0.163
Small tumour islands 152 (54) 24(56)  61(58) 67 (51) 0.562 0.296 0.296 0.119
Big tumour islands 68 (24) 7(16)  34(32) 27 (20) 0.048*  0.041*  0.041*  0.482
Cords connected to the epidermis 116 (41) 24 (56) 35(33) 57 (43) 0.031* 0.110 0.110 0.314
Dark silhouette 121 (43) 14(33)  40(38) 67 (51) 0.042*  0.045*  0.045*  0.015*
Clefting 240 (85) 35(81)  93(88) 112(85)  0.592 0.522 0.522 0.605
Ulceration/erosion 171 (61) 22 (51) 69 (65) 80 (61) 0.287 0.477 0.477 0.239
Peripheral palisading 237 (84) 38 (88) 89 (84) 110 (83) 0.725 0.899 0.899 0.493
Increased vascularization 254 (90) 39(91) 98 (92) 117 (89) 0.609 0.322 0.322 0.787
Collagen surrounding tumour islands 235 (84) 33(77) 88 (83) 114 (86) 0.326 0.474 0.474 0.135
Inflammation 169 (60) 27(63)  67(63) 75 (57) 0.563 0.318 0.318 0.490

Values are n (%). iBCC, infiltrative BCC; MAY, multiple aggregate yellow; nBCC, nodular BCC; sBCC, superficial BCC. P < 0.05 is significant

920z AInf G| uo uasn 1.zz90L0L AQ 02228v8/L 2 1/L/1.G/2101HE/Pad/wod dnodlwapese//:sdiy wolj papeojumoq



Clinical and Experimental Dermatology, 2026, Volume 51, Issue 7 1251

Figure 1 Dermoscopy and reflectance confocal microscopy (RCM) of (a, b) superficial basal cell carcinoma (BCC), showing (a) brown structures and
shiny-red structureless areas in dermoscopy, with (b) corresponding cords in RCM (arrowheads); (c, d) nodular BCC, (c) blue structures, arborizing
vessels and ulceration in dermoscopy, with (d) corresponding big tumour islands in RCM (star-shaped markers); (e, f) infiltrative BCC, (e) with porcelain
areas, ulceration and arborizing vessels in dermoscopy, and (f) dark silhouette in RCM (asterisks).
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Table 2 Results of multivariate analysis according to

reflectance confocal microscopy features

Table 3 Interobserver agreement for dermoscopic and
reflectance confocal microscopy features

Subtypes/variables OR (95% Cl) P-value Features Cohen kappa
sBCC vs. nBCC Dermoscopic
Streaming 0.3(0.135-0.669) 0.003* Multiple blue-grey dots 0.518
Cords 0.4 (0.208-0.964) 0.040* Large blue-grey ovoid nests/globules 0.702
Ulceration/erosion 1.9 (0.884-4.099) 0.100 Brown 0.619
nBCC vs. iBCC Arborizing vessels 0.747
Streaming 0.5(0.255-1.093) 0.085 Short fine telangiectasias 0.509
Big tumour islands 2.3 (0.888-6.282) 0.085 Ulceration 0.723
Dark silhouette 3.1(1.414-6.745) 0.005* Multiple small erosions 0.401
sBCC vs. iBCC Multiple aggregate yellow globules 0.709
Dark silhouette 2.4 (1.176-5.113) 0.017* Shiny white-red structures 0.760
Milky-red structureless areas 0.679
BCC, basal cell carcinoma; Cl, confidence interval; iBCC, infiltrative BCC; nBCC, : :
nodular BCC; OR, odds ratio; sBCC, superficial BCC. P < 0.05 is significant. White porcelain areas 0.734
Reflectance confocal microscopy
. . Streaming of the epidermis 0.737
Discussion Small tumour island 0.720
. . . . i N . Big tumour island 0.739
This prospective, multicentre study identified significant differ- . .
L . 2 Cords connected to the epidermis 0.709
encesin clinical, dermoscopic and RCM characteristics across BCC )
subtypes, underscoring how the integration of RCM with dermos- Dark.5|lhouette 0.744
copy can markedly improve preoperative subtype classification Clefting 0.635
and enhance diagnostic accuracy. Other emerging noninvasive Ulceration 0.799
imaging techniques, such as line-field confocal optical coher- Peripheral palisading 0.705
ence tomography, have already demonstrated their usefulness Increased vascularization 0.586
in improving the diagnostic accuracy of BCCs.!! The diagnostic Collagen surrounding tumour islands 0.708
gap between dermoscopy and histopathology represents an Inflammation 0.760
unmet diagnostic need, as highlighted by previous reports.''?
100
80
60
Specificity Ds + RCM
a0
20
20 40 60 80 100
Sensitivity

Figure 2 Receiver operating characteristic curve for dermoscopy (Ds) and reflectance confocal microscopy (RCM) and the area under the curve

obtained.
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Furthermore, the absence of pigmented structures poses a
well-recognized diagnostic challenge.'®'* Noninvasive diagnos-
tic tools are therefore clinically relevant, particularly consider-
ing that up to 40% of treatment failures for superficial BCCs have
been attributed to the presence of an undetected nonsuperficial
component. This finding emphasizes the importance of accurate
subtyping to guide appropriate therapeutic decisions.®

Our dermoscopic analysis revealed distinctive subtype-spe-
cific patterns: brown structures and shiny white-red structureless
areas were significantly associated with superficial BCCs; blue
structures, arborizing vessels and ulceration characterized nod-
ular BCCs; and white porcelain areas and the absence of brown
structures were indicative of infiltrative BCCs. These findings are
consistent with prior literature and reinforce the diagnostic value
of dermoscopy.1%16-1°

RCM analysis further supported subtype differentiation.
Streaming of the epidermis and cords connected to the epider-
mis were associated with a threefold and twofold increased like-
lihood, respectively, of superficial BCCs. Dark silhouettes were
significantly associated with a two-threefold increased risk of
infiltrative BCCs. These associations, previously suggested in a
retrospective study,® were statistically confirmed in our prospec-
tive design.

The combined use of dermoscopy and RCM in our study
achieved excellent diagnostic performance for superficial BCCs,
representing a notable improvement over previous works based
ondermoscopy alone. A previous study assessing the performance
of dermoscopy in classifying different BCC subtypes reported
lower diagnostic accuracy, further emphasizing the added diag-
nostic value of integrating RCM, particularly in enhancing speci-
ficity and reducing misclassification of superficial and infiltrative
subtypes.'® These findings highlight the added diagnostic value
of integrating RCM, particularly in increasing specificity, which is
critical for avoiding undertreatment of more aggressive subtypes.
To corroborate our findings, a recent study demonstrated that
RCM achieved a specificity of 88.9% for superficial BCCs, closely
approaching the 91% specificity obtained from histopathological
analysis on punch biopsy samples.?®

Our results suggest that the combination of the noninvasive
techniques of dermoscopy and RCM may offer a comparable
diagnostic performance to biopsy in selected cases, supporting
their use in preoperative planning and subtype stratification.
Additionally, we observed fair to substantial interobserver agree-
ment for both dermoscopic and RCM features, supporting the
reproducibility and reliability of these criteria in clinical practice.?

This study has several limitations that should be acknowledged.
Firstly, while RCM significantly improved diagnostic accuracy, it is
inherently limited by its imaging depth, which typically reaches
only the upper dermis. This constraint may reduce its sensitivity
for detecting deeply infiltrative components of BCC, particularly
in sclerosing or micronodular subtypes, where tumour extension
may occur beyond the reach of RCM visualization.

Secondly, although interobserver agreement was generally fair
to substantial, reader experience may have influenced diagnos-
tic performance, and the study did not stratify results based on
expertise level.

Additionally, some BCC subtypes, such as the superficial type,
above all pigmented tumours, may be under-represented in our
analysis due to their clinical management, as these lesions are
often treated without histopathological confirmation.

Finally, the exclusion of mixed BCC subtypes unless a predom-
inant component was present may have led to an under-rep-
resentation of complex lesions that can be observed in clinical
practice.

Taken together, our findings highlight the value of integrating
dermoscopy and RCM for accurate BCC subtyping. This approach
may reduce misclassification, optimize treatment selection, and
support precision dermatology.

In conclusion, the results of this prospective, multicentre study
suggest that the combined use of dermoscopy and RCM improves
the preoperative classification of BCC subtypes.

The integration of these noninvasive diagnostic tools enhances
diagnostic accuracy, particularly for superficial BCCs, where mis-
classification can lead to inappropriate treatment choices. This
is especially important given that up to 40% of treatment fail-
ures in superficial BCCs are due to undiagnosed nonsuperficial
components.

Our findings support the use of a multimodal diagnostic
approachin routine clinical practice, offering a reliable, reproduci-
ble and clinically impactful method for guiding BCC management.

Future research should aim to validate these findings in broader
patient populations and explore the cost-effectiveness and imple-
mentation of this approach in diverse clinical settings.
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