
Lineal Confocal-OCT

Josep Malvehy
Hospital Clinic of Barcelona, Spain



SPEAKER: Almirall, BMS, ISDIN, La Roche Posay, Leo, Novartis, Pierre Fabre, Roche, Sanofi
HONORARIA OR CONSULTATIONS FEES : Almirall, BMS, Biofrontera, GSK, ISDIN, La Roche Posay, Leo, 
Novartis, Polychem

GRANTS & RESEARCH SUPPORT: Almirall, Amgen, BMS, Biofrontera, Canfield, Cantabria, Fotofinder,
GSK, ISDIN, La Roche Posay, Leo, Mavig, Nevisense, Novartis, Polychem, Roche, iTOBOs (EU Grant), Castle 
Biosciences, NelaCare, and SkylineDx, Amlo Bioscience 

Spouse/partner: Almirall, Amgen, BMS, Biofrontera, Canfield, Cantabria, Fotofinder, GSK, ISDIN, La Roche 
Posay, Leo, Mavig, Nevisense, Novartis, Pierre Fabre, Polychem, Roche

Other support (please specify): Abbie (educational activities), Lilly (educational activities), Novartis
Co-founder of Diagnosis Dermatologica sl and Athena Care sl.

Conflicts



FOUNDING & COLLABORATIONS

M-Skip 



New imaging technology in skin cancer





RCM OCT LF-OCT

Horizontal (en face) Yes Yes Yes

Vertical (slice, cross-sectional) No Yes (3D) Yes (3D)

Depth 250 µm 2000 µm 500 µm

Lateral resolution 1 µm 7.5  µm 1 µm

Axial resolution 3 µm 10  µm 1 µm

Cellular resolution Yes No Yes

Time exam 1-5 min 1 min 1-5 min

Field of view 500x500 µm
750x750 µm

Vivablocks 8x8 mm

6 x 6 mm 1,2 x 0,5 mm

Technical characteristics 
of RCM and OCT 
microscopes with clinical 
applicability
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axial and lateral resolutions are close, which is desirable for
B-scan imaging. The isotropic spatial resolution of ∼1.0 μm
achieved with LC-OCT is close to the resolution of conventional
histological images. A comparison of spatial resolution achieved
with current optical technologies for skin imaging is shown in
Table 1.

5.3 Detection Sensitivity and Acquisition Time

The detection sensitivity, defined as the smallest detectable
reflectivity, was considered to be the mean value of the back-
ground noise in the images. It can be expressed as an equivalent
reflectivity coefficient by comparison with the signal measured
from an interface with a known reflectivity. Using the plane
interface between the glass window and the immersion oil as
a calibration sample of reflectivity equal to 7.7 × 10−5, the
detection sensitivity was evaluated at −86 dB, which is close
to the theoretical value of −88 dB assuming a shot-noise limited
detection.45

A B-scan is obtained from a stack of ∼7000 line interfero-
metric images acquired by the line scan camera, which repre-
sents a scan of the depth within the tissues over a distance
of ∼500 μm (image axial field). Each line of the B-scan
images is calculated from the algebraic combination of five
successive line interferometric images. The time required to
acquire each line of the B-scan images is, therefore, equal
to 5∕fcamera ¼ 71 μs, where fcamera ¼ 70 kHz is the frame
rate of the camera. This acquisition time of a few tens of micro-
seconds is similar to the acquisition time of each column of a
B-scan image in conventional FD-OCT.22 It is short enough to
avoid blurring of the phase-sensitive interferometric signal that
may occur due to sample motion. In LC-OCT, as in FD-OCT,
motion may however have an impact resulting in a geometrical
distortion of the image.51 This artifact is avoided by the
mechanical stabilization achieved by pressing the skin against
the glass plate (see Fig. 1) maintained at a fixed position under
the microscope objective. The LC-OCT B-scan images are
shown at 10 frame∕s, which allows for real-time examination
of skin tissues.

6 Skin Imaging with Line-Field Confocal
Optical Coherence Tomography

6.1 Healthy Skin Imaging

The performance of LC-OCT for skin imaging has first been
evaluated by imaging healthy skin. Figure 5(a) shows an exam-
ple image of healthy skin (phototype 2) obtained from a 25-year-
old man on the back of the hand. The epidermis and the dermis
can be clearly distinguished. They are separated by the dermal–
epidermal junction (DEJ). Several layers can be identified in the
epidermis: the stratum corneum (SC), the stratum granulosum
(SG), and the stratum spinosum (SS). The nuclei of keratino-
cytes (KN) in the epidermis are resolved and appear as
small, round, black structures in the image. The dermis is com-
posed mainly of collagen fibers (CF) and blood vessels (BV).
These biological structures can be distinguished in the images.
Figure 5(b) shows an example LC-OCT image of healthy skin
(phototype 5) obtained from a 23-year-old woman on the back
of the hand. Here, the DEJ is much more reflective because of
the higher amount of melanin in darker phototypes. Indeed, the
stratum basale (SB) can be easily distinguished in LC-OCT
images of dark-skinned individuals.

6.2 Skin Cancer Imaging

LC-OCT has been applied to the imaging of various human skin
lesions, in vivo, including carcinomas and melanomas. A total of
105 lesions on 86 patients have been imaged at Saint-Etienne
hospital.

An example LC-OCT image of basal cell carcinoma (BCC)
is shown in Fig. 6. The corresponding Hematoxylin-Eosin
(H&E) stained histopathological image is shown for compari-
son. LC-OCT correlates well with histopathology, as it is
able to show the features that make the diagnosis possible.
These features include the presence of lobulated structures
(tumor islands or nests) within the dermis, which are separated
by the tumor stroma. A dark cleft between lobules and the adja-
cent tumor stroma is visible, likely due to mucin deposition. A
bright rim that correlates with characteristic high-density colla-
gen surrounds the lobules. Moreover, it is possible to assess the

Fig. 5 LC-OCT images of healthy human skin on the back of the hand from (a) a 25-year-old man, photo-
type 2 and (b) a 23-year-old woman, phototype 5. SC, stratum corneum layer; SG, stratum granulosum
layer with stretch nuclei; SS, stratum spinosum layer with roundish nuclei; SB, stratum basale rich in
melanin in darker phototypes; CF, collagen fibers; BV, blood vessel; KN, nuclei of keratinocytes;
DEJ, dermal–epidermal junction.
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LC-OCT measures the echo-time delay and amplitude of light 
back scattered from cutaneous microstructures through low-
coherence interferometry associated with confocal spatial 
filtering. 



B-scan image of healthy human skin (back of the hand), obtained with OCTAV® (Scale 
bar: 200μm)

Line-field Confocal Op1cal Coherence Tomography (LC-OCT)



shape and the location of the lobules, which are crucial to ascer-
tain the BCC subtype. As is shown in this case of superficial
BCC, for example, the tumor islands are connected to the
epidermis.

An example image of melanoma is shown in Fig. 7. The LC-
OCT image correlates well with histopathology. LC-OCT is able
to show most of the key histopathological features that are used
for melanoma diagnosis: general architectural disarrangement,
consumption of the epidermis, partial disruption of the der-
mal–epidermal junction, presence of dermal nests of atypical melanocytes of various size and shape, and pagetoid spread

of atypical melanocytes within the epidermis. Other examples
of skin lesions imaged with LC-OCT, including nodular
BCCs and a melanoma, are shown in Fig. 8.

7 Discussion and Conclusion
The use of noninvasive imaging techniques in dermatology has
been reported to improve the diagnostic accuracy and the prac-
tice of biopsies and at the same time to reduce the need for tissue
excision. However, the current clinically available imaging tech-
niques do not yet entirely meet the need for early and accurate,
noninvasive detection of skin cancers.

RCM provides high imaging resolution but is limited by a
relatively weak skin penetration and the en face orientation
of the images, which hampers the diagnosis of certain nonme-
lanoma skin cancers. Similarly, nonlinear optical microscopy
provides high resolution but has the limitations of relatively
weak penetration, en face orientation of the images and high
costs. Conversely, OCT provides vertically oriented images
with deeper skin penetration but is limited by its insufficient im-
aging resolution, which renders the diagnosis of conditions such
as melanoma more challenging.

As a response to these issues, we have developed LC-OCT,
an imaging technique that combines the advantages of the cur-
rently available optical techniques in terms of spatial resolution,
penetration, and image orientation. LC-OCT delivers vertically

Fig. 7 (a) LC-OCT image of human skin melanoma and (b) corre-
sponding H&E histopathology image. White star: SC; blue star: epi-
dermis; blue arrowhead: pagetoid spread (epidermal invasion) of
epithelial tumor cells; yellow arrowhead: intracorneal tumor cells in
the process of being eliminated; green arrowhead: dermal clusters
of melanocytic tumor cells; turquoise circles: partial disruption of
the dermal-epidermal junction.

Fig. 8 LC-OCT images of human skin lesions. (a) Nodular BCC. Blue
star: epidermis; yellow star: tumor islands separated from the epider-
mis. Note the typical dark cleft and bright rim (stroma reaction) sur-
rounding each lobule. DEJ: dermal–epidermal junction. (b) Nodular
BCC. Blue star: epidermis; yellow star: tumor islands separated
from the epidermis. Red star: dilated vessel. (c) Melanoma. Blue
star: epidermis; blue arrowhead: pagetoid spread (epidermal inva-
sion) of melanocytic tumor cells; green arrowhead: dermal clusters
of melanocytic tumor cells; turquoise circles: partial disruption of
the dermal–epidermal junction.

Fig. 6 (a) LC-OCT image of a superficial BCC and (b) corresponding
histopathological examination with Hematoxylin-Eosin stain.
Proliferating nests of tumor cells (tumor islands) are connected to
the epidermis and extend into the superficial dermis. Blue star: SC;
white star: epidermis; yellow star: clusters of tumor cells that are
poorly reflecting in the LC-OCT image; green star: cleft between
the tumor islands and the dermis.
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tice of biopsies and at the same time to reduce the need for tissue
excision. However, the current clinically available imaging tech-
niques do not yet entirely meet the need for early and accurate,
noninvasive detection of skin cancers.
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relatively weak skin penetration and the en face orientation
of the images, which hampers the diagnosis of certain nonme-
lanoma skin cancers. Similarly, nonlinear optical microscopy
provides high resolution but has the limitations of relatively
weak penetration, en face orientation of the images and high
costs. Conversely, OCT provides vertically oriented images
with deeper skin penetration but is limited by its insufficient im-
aging resolution, which renders the diagnosis of conditions such
as melanoma more challenging.

As a response to these issues, we have developed LC-OCT,
an imaging technique that combines the advantages of the cur-
rently available optical techniques in terms of spatial resolution,
penetration, and image orientation. LC-OCT delivers vertically
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the process of being eliminated; green arrowhead: dermal clusters
of melanocytic tumor cells; turquoise circles: partial disruption of
the dermal-epidermal junction.
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star: epidermis; yellow star: tumor islands separated from the epider-
mis. Note the typical dark cleft and bright rim (stroma reaction) sur-
rounding each lobule. DEJ: dermal–epidermal junction. (b) Nodular
BCC. Blue star: epidermis; yellow star: tumor islands separated
from the epidermis. Red star: dilated vessel. (c) Melanoma. Blue
star: epidermis; blue arrowhead: pagetoid spread (epidermal inva-
sion) of melanocytic tumor cells; green arrowhead: dermal clusters
of melanocytic tumor cells; turquoise circles: partial disruption of
the dermal–epidermal junction.

Fig. 6 (a) LC-OCT image of a superficial BCC and (b) corresponding
histopathological examination with Hematoxylin-Eosin stain.
Proliferating nests of tumor cells (tumor islands) are connected to
the epidermis and extend into the superficial dermis. Blue star: SC;
white star: epidermis; yellow star: clusters of tumor cells that are
poorly reflecting in the LC-OCT image; green star: cleft between
the tumor islands and the dermis.
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Comedones appeared as large keratinizing structures dilating

the infundibulum (Fig. 4d, Video S2, Supporting Informa-

tion).

Histological correlation High level of similarity between LC-

OCT and histology was observed in the healthy skin adjacent to

a BCC. Interestingly, the SC was attached to the epidermis on

the LC-OCT image and separated from it in the histological

image (Fig. 2).

Quantitative analyses

Skin variations across different body sites and individuals The

seven imaged body sites differed as for the SC/epidermal thick-

ness and the presence/dimension of dermal papillae (Fig. 3).

The SC was much thicker on the back of the hand with a mean

thickness of 29.5 µm compared to the other body sites for which

the mean SC ranged from 9.0 µm (cheek) to 12.7 µm (forearm;

P < 0.001; Table 1). Inter-individual variation of the SC

thickness ranged from 13% (cheek) to 25% (forearm). The epi-

dermal thickness showed significant variation on the different

body sites, with almost a ratio of two between the largest (back

of hand, 98.9 µm) and the thinnest (chest, 54.3 µm; P < 0.001).

Papillae were most prominent on chest and back. Cheek and

nose did not show any papillae on any volunteer. The cheek pre-

sented a completely flat DEJ, while the nose presented in some

cases an undulating silhouette of the DEJ (Fig. 3b). High inter-

individual variation was found for forehead, forearm and back

of hand: 5/10 (50%) participants imaged on the forearm and 9/

19 (47.4%) participants imaged on the forehead and back of

hand presented clear papillae while the rest of them had a flat

DEJ.

The inter-observer agreement was excellent for SC thickness,

good-to-excellent for epidermal thickness and moderate-to-

good for dermal papillae height (Table 1).

Discussion
Our qualitative analysis showed that LC-OCT is able to visu-

alize the different cutaneous structures with cellular level defi-

nition. Indeed, keratinocytes were identified in the totality of

the images, thanks to their hypo-reflective nuclei. The dimen-

sion and shape of the nuclei as well as the vertical imaging

allowed differentiating the epidermal layers. The fact that in

41% of the images the keratinocytes’ nuclei were only par-

tially visible is probably due to the fact that (i) the device

used here was an early prototype with variable image quality

depending on factors such as patient’s compliance, amount

of immersion oil used and presence of make-up residuals;

(ii) at the time of the study the evaluators had limited expe-

rience with the device. Further studies using more advanced

LC-OCT devices (soon available) with higher degree of expe-

rience should provide even better results in this regard. Simi-

larly, the DEJ was detected in all study cases as a hypo-

reflective line clearly separating the epidermis from the der-

mis. Its visibility was deemed good in the majority of cases,

especially in dark-skinned participants due to the hyper-re-

flectivity of the basal layer of the epidermis, as previously

shown with HD-OCT.5 The main remaining cutaneous struc-

tures were also visible, including dermis, blood vessels, hair

follicles and sebaceous glands. Additionally, comedones and

D. folliculorum were discernible within the hair follicles. Mela-

nocytes, Langerhans/dendritic cells and dermal inflammatory

cells were not evaluated in this study, as they cannot be

clearly visualized by LC-OCT in normal skin. Conversely,

LC-OCT is able to highlight these cellular types in benign/

malignant skin tumours as well as in inflammatory cutaneous

diseases (unpublished data).

The high level of similarity between the histopathological sec-

tion and the corresponding LC-OCT image of the skin adjacent

to a BCC prior to its excision was reassuring, regardless of

whether perilesional skin is indeed to be considered ‘normal’ or

Figure 2 Main epidermal and dermal structures visible at Line-
field confocal optical coherence tomography (LC-OCT) and
histopathology. (a) At LC-OCT examination, all different layers of
the skin are visible. The stratum corneum (red star) appears as a
hyper-reflective band. The epidermis (yellow star) features ker-
atinocytes with hypo-reflective nuclei (orange arrow) and is com-
posed of its different layers: the stratum granulosum with stretched
nuclei, the stratum spinosum with smaller, roundish nuclei and the
stratum basale, immediately adjacent to the dermal–epidermal
junction. The dermal–epidermal junction (blue arrow) appears as a
hypo-reflective line clearly separating the epidermis from the der-
mis. The dermis (white star) contains hyper-reflective (collagen and
elastic fibres) and hypo-reflective (vessels) linear structures. The
image was taken from the back of the hand of a phototype II, 35-
year-old female participant. (b) LC-OCT/histopathology correlation.
The image was taken from the chest of a phototype III, 69-year-old
female participant on the healthy skin adjacent to a basal cell carci-
noma before its surgical removal.
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not. The fact that the SC was attached to the epidermis in the

LC-OCT image and separated from it in the histological image

might be explained by both the processing of the histopathologi-

cal specimen and the pressure applied on the skin by the LC-

OCT probe. Further studies are needed to systematically assess

the correlation of LC-OCT with histopathology. In this regard, a

recent preliminary investigation showed promising results.8

The quantitative analysis showed significant body site-depen-

dent variability of SC/epidermal thickness and presence of the

rete ridges. The highest values of SC/epidermal thickness were

found on back of hand, forearm, forehead and nose; the most

prominent dermal papillae were detected on back and chest.

Inter-individual variability was observed: the forearm displayed

the highest variations of SC/epidermal thickness; forehead, fore-

arm and back of hand showed the highest variations in terms of

rete ridges, with half of the participants clearly presenting dermal

papillae and half having a flat DEJ. A notable result of our study

was that the measurements were reproducible among the three

observers, especially for the SC/epidermal thicknesses. Indeed,

they were fairly easy to measure due to the vertical representa-

tion and the different refractivity of the SC as compared to the

remaining epidermis. The fact that the visibility of the DEJ was

partial in 32% of the cases is likely to explain the less impressive

reproducibility of the height of the dermal papillae.

The values found for the thickness of the SC in this study

are in line with previous investigations using RCM.9 Con-

versely, the values found for the thickness of the whole epi-

dermis in this study are superior to RCM10 and inferior to

histology4,11 and OCT.3,4 Moreover, epidermal thickness

showed more variation across different body sites in this

study than in previous assessments with RCM.10 The differ-

ences with RCM may be due to the en-face view being its

only available imaging modality, which implies a certain lack

of global vision ultimately leading to difficulties in identifying

the DEJ level.9,10 The differences with OCT are probably due

to its lower resolution that does not permit to clearly identify

the DEJ and the SC.3,4,12,13 The differences with histology

might putatively lie with the fact that this ex vivo technique

is dependent upon fixation agents that may cause swelling,

retraction and hardening of the examined tissue: in this sce-

nario, one could speculate that, although universally consid-

ered as the gold standard of tissue quantification, histology

Figure 3 Qualitative and quantitative variability of Line-field confocal optical coherence tomography findings across different body sites.
(a) Forehead: thin stratum corneum, thick epidermis, flat dermal–epidermal junction (DEJ; phototype II, 30-year-old female). (b) Nose: thin
stratum corneum, thick epidermis, slightly wavy DEJ (phototype II, 22-year-old female). (c) Cheek: thin stratum corneum, thin epidermis,
flat DEJ (phototype III, 27-year-old female). (d) Chest: thin stratum corneum, thin epidermis, wavy DEJ (rete ridges) (phototype III, 27-year-
old female). (e) Back: thin stratum corneum, thin epidermis, wavy DEJ (rete ridges) (phototype II, 22-year-old male). (f) Forearm: thin stra-
tum corneum, thick epidermis, slightly wavy DEJ (phototype IV, 27-year-old female). (g) Hand: thick stratum corneum, thick epidermis, flat
DEJ (phototype III, 25-year-old female).
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might not truthfully account for the real thickness of the

cutaneous layers. Additional studies are needed to better clar-

ify this issue.

This study had several limitations. Not all anatomic locations

were assessed and different body sites were studied in the two

participants groups; one group had an inhomogeneous gender

distribution, and overall the sample size and the phototypes’

representation were not extensive. However, the aim of the study

was to provide a preliminary, general description of the main

features of normal skin; future investigations will explore more

systematically the entire integumentary system within all skin

types. Similarly, additional studies are required to investigate

different age groups than those included in the present investiga-

tion, as the focus here was to describe healthy skin in young

(<40 years old) individuals. Only one illustrative example of his-

tological correlation was provided in a subject not included in

the study, because performing invasive surgical procedures was

deemed unethical in this non-interventional study on healthy

volunteers.

Line-field confocal-OCT offers an in vivo, non-invasive exam-

ination in the vertical plane with high resolution, which can be

particularly suitable for physiological studies of the skin. Charac-

terizing various skin structures at different body sites helps to

better understand the normal anatomic variability of the skin

and could therefore improve the diagnostic accuracy for differ-

ent skin conditions.

It has been suggested that novices to RCM need a long train-

ing period before being able to interpret the images.14 LC-OCT

images seem easier to interpret because of their vertical orienta-

tion, similar to histology. Only a small amount of training may

be required to use this technique by professionals already trained

in pathology. This potential advantage of LC-OCT over RCM

needs to be investigated in future studies.

Some interesting clinical applications of LC-OCT are to be

expected, including diagnosis of skin cancers and inflammatory

diseases; biopsy guidance; identification of tumours’ surgical

margins, and follow-up of topical/systemic treatments. A LC-

OCT device capable of producing three-dimensional (3D) images

(both in the vertical and horizontal plane), currently under devel-

opment, will be used for further studies.15 This device will help

to better understand not only the 3D structure of the skin, but

also the distribution patterns of blood vessels and melanin thanks

to 3D modelling. Another prospect under development is the

automatic DEJ detection and epidermal thickness measurement.

In conclusion, we presented the first study describing the LC-

OCT features of normal skin. Based on these preliminary find-

ings, LC-OCT seems to be very promising for dermatology with

a wide field of possible applications in the physiological/patho-

logical spectrum of the skin.
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Forehead 11.6 ! 1.7 (15) 81.1 ! 12.9 (16) 18.3 ! 21.5 (117)

Nose 10.4 ! 1.4 (14) 84.4 ! 15 (18) —

Cheek 9 ! 1.1 (13) 58.7 ! 9.7 (16) —

Chest 9.1 ! 1.2 (14) 54.3 ! 5.9 (11) 22.6 ! 12.9 (57)
Back 9.5 ! 1.3 (14) 59.9 ! 4.5 (8) 27.5 ! 7.2 (26)

Forearm (posterior) 12.7 ! 3.2 (25) 70.7 ! 12.8 (18) 7 ! 10.1 (144)
Hand (back) 29.5 ! 5.7 (19) 98.9 ! 15.6 (16) 18.7 ! 22.8 (122)

Inter-observer agreement (ICC; 95% CI) 0.95 (0.91–0.97) 0.87 (0.82–0.91) 0.72 (0.56–0.83)

Mean thickness ! standard deviation (inter-individual variation) is presented in each box, unless otherwise stated.
Measures are expressed in µm.
For each body site, the average thickness among all participants is reported. The inter-participant thickness variation is expressed both as standard deviation
and percentage.
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Methods 
Seven body sites (back of the hand, forehead, cheek, nose, chest, forearm and 
back) were investigated. 
An independent qualitative [cutaneous structures’ description; visibility of 
keratinocytes’ nuclei and dermal–epidermal junction (DEJ)] and quantitative [s- 
tratum corneum (SC)/epidermal thicknesses; height of dermal papillae] 
assessment of the LC-OCT images was performed. 

Results 
A total of 88 LC-OCT images were collected from 29 participants (20 females; 
nine males; mean age 25.9 years). Keratinocytes’ nuclei and DEJ were visible in 
the totality of images. The different layers of the epidermis and the remaining 
cutaneous structures/findings were visualized. Body sites-related variability was 
detected for SC/epidermal thicknesses and height of dermal papillae. Inter-
observer agreement was excellent (SC thickness), good-to-excellent (epidermal 
thickness) and moderate-to-good (papillae). 

Conclusions 
Line-field confocal-OCT provides non-invasive, real-time imaging of the skin in 
vivo with deep penetra- tion and high resolution, enabling the visualization of 
single cells. The histology-like vertical view provides an easy way to 
recognize/measure different cutaneous structures/findings. LC-OCT appears as a 
promising technique for the examination of physiological/pathological skin. 

In vivo characterization of healthy human skin with a novel, non-invasive imaging 
technique: line-field confocal optical coherence tomography 
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Table 1 Description of LC-OCT criteria for basal cell carcinoma (based on literature review and expert opinion)

LC-OCT criteria Description Interpretation

Lobule Structure with variable shape, size and location within the dermis,
characterized by a grey core usually surrounded by a darker rim

Aggregates of basaloid cells growing into the dermis (BCC
tumour islands)

Macrolobules Much larger than the size of epidermis (>100 lm) Large aggregates of basaloid cells (>100 lm)
Microlobules Equal or smaller than the size of epidermis (<100 lm) Small aggregates of basaloid cells (<100 lm)

Millefeuille pattern Specific LC-OCT pattern characterized by a grey, laminated structure
at the core of the BCC lobule, orientated along the horizontal plane. It
resembles the pattern seen in the eponymous French delicacy
millefeuille

Dense cellularity orientated along the same axis within the
tumour island, composed of basaloid cells, immune cells,
apoptotic bodies and mitotic figures

Clefting Dark rim surrounding the core of the lobule Peritumoral mucin deposition

Bright rim Outer rim surrounding the lobule characterized by a brighter colour
than the stroma

Compression/alteration of the collagen fibres of the stroma by
the tumour island (mass effect and tumour- stroma
interaction)

Triad of colours The simultaneous presence of inner lamination, middle clefting and
outer bright rim gives rise to a cockade aspect, characterized by three
colours (grey, black and white, respectively)

Classic appearance of a BCC tumour island, especially seen
in nBCC

Lobule location
Separated from
epidermis

Absence of lobule connection with the epidermis Tumour island not connected to the epidermis: it points to
other subtypes than sBCC

Connected to
epidermis

Presence of lobule connection with the epidermis Tumour island connected to the epidermis: it points to sBCC
subtype

Lobule morphology Various morphologies can be encountered: round, elongated/ovoid,
hemispheric (usually leaning towards the epidermis), branched
(lobule dividing into one or more subdivisions with progressive loss of
contour definition) and polymorphic (simultaneous presence of two or
more morphologies)

Various morphologies of the tumour islands may point to
particular BCC subtypes (e.g. hemispheric morphology
suggests sBCC; branched morphology suggests iBCC)

Blood vessels Well-defined, hypo-reflective structures of various shape/size
localized within the dermis and especially next to lobules. In the LC-
OCT in vivo acquisition modality and videos, hyper-reflective
elements can be seen flowing within them

Dermal blood vessels, particularly prominent when next to
tumour islands (neo-angiogenesis); blood cell flow can be
visualized within them

Stroma

Stretching The dermis surrounding the lobules appears stretched, i.e. polarized
in one direction

Distortion of the collagen/elastic fibres of the stroma due to
the presence of tumour islands (mass effect and tumour-
stroma interaction). It is more common in BCC subtypes other
than sBCC

Brightness The dermis surrounding the lobules appears whiter (brighter) than the
overlying epidermis

Increased reflectivity of the stroma due to the presence of
tumour islands (mass effect and tumour–stroma interaction). It
is more common in BCC subtypes other than sBCC

Epidermal changes
Parakeratosis Dark little roundish structures in the upper layer of the epidermis Nucleated keratinocytes in the stratum corneum

Disorganized
epidermis

Variability of size and shape of the keratinocytes’ nuclei within a
particular layer of the epidermis

Pleomorphism in the epidermis

Disrupted
dermal-epidermal
junction

Loss of a clear separation between the epidermis and the dermis It may be related to the presence of hemispheric lobules
leaning towards the epidermis or the loss of its visibility due to
ulceration, crusts or artefacts

Bright cells within
epidermis/lobules

Hyper-reflective structures within the epidermis and/or within the
lobules. They can have various shape/size: small, large or dendritic
(tree-like shape or spindle shape)

Immunologically competent skin cells (Langerhans cells and
granulocytes) and activated melanocytes in pigmented BCCs

Other criteria

Erosion/Ulceration Partial/complete loss of continuity of the epidermis (without/with
involvement of the DEJ)

Partial/complete loss of the epidermis (without/with
involvement of the basal membrane)

Crust Accumulation of hyper- and hypo-reflective structures overlying the
epidermis

Dried material (sebum, pus, blood, serum) usually mixed with
epithelial debris, at the surface of the lesion
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predictor was removed. Once an effect was removed from the

model, it remained excluded. The process was repeated until all

predictors in the model were significant. All statistical tests were

two-tailed and were considered significant for P-values < 0.05.

The analysis was carried out using STATA version 12.1 (Stata-

Corp. LP, College Station, TX, USA).

Results
In total, 89 histopathologically proven BCCs were included in the

study. The BCCs belonged to 79 patients (10 patients had two

BCCs): 33/79 (41.8%) were female, and 46/79 (58.2%) were male;

median age was 71 years (interval: 38–88 years); 30/79 (38.0%)

patients attended the Erasme University Hospital in Brussels (Bel-

gium), and 49/79 (62.0%) attended the University Hospital in

Saint-Etienne (France). Histopathological examination identified

66/89 (74.2%) BCCs as pure subtypes, 22/89 (24.7%) as mixed sub-

types, and 1/89 (1.1%) as fibroepithelioma of Pinkus (Table 2). Of

the 66 pure subtypes, 19 (28.8%) were sBCCs, 31 (47.0%) were

nBCCs, and 16 (24.2%) were iBCC. The majority of BCCs were

located on the head/neck region (51/89, 60.0%), followed by the

trunk (21/89, 24.7%), the lower extremities 8/89 (9.4%), and the

upper extremities 5/89 (5.9%). No significant association was

found between BCC subtype and body location, even when the

analysis was restricted to the three pure subtypes (P = 0.21).

The LC-OCT criteria most frequently found in the study

BCCs were lobules (98.9%), blood vessels (94.4%), small bright

cells within the epidermis (96.6%) and within the lobules

(97.6%), and stretching of the stroma (76.4%; Table 3A). As for

the lobules, they were detected in all study BCCs except one, in

which the roof of the lobule was located too deep (~500 µm in

the histopathological section) to be accessible by LC-OCT – to

this regard however, other LC-OCT criteria for BCC were pre-

sent in this particular case, namely blood vessels, parakeratosis

and small bright cells within the epidermis. Lobules were of

variable shape/size and were characterized by the presence of

clefting (92.1%), millefeuille pattern (84.3%) and bright rim

(74.2%): the simultaneous presence of the three latter criteria

was defined as a triad of colours (62.9%).

Blood vessels were detected in 94.4% of BCCs as well-de-

fined, hypo-reflective structures of various shape/size localized

within the dermis, in particular next to lobules. In the LC-

OCT in vivo acquisition modality, hyper-reflective elements

can be seen flowing within them (Videos S1 and S2, Sup-

porting Information).

Epidermal changes were found only in <20% of cases in the

form of parakeratosis and/or disorganized epidermis. A dis-

rupted dermal–epidermal junction was detected in 64.0% of

cases. Bright cells were predominantly small both within the epi-

dermis and the lobules, with large and dendritic cells being

found only in a small proportion of cases.

Additional criteria were found in a minority of BCCs: ulcera-

tion (27.0%), cystic structures (11.2%) or crust (31.5%).

The distribution of the LC-OCT criteria according to BCC

subtype (Table 3B) showed that lobule connection to the epider-

mis (P = 0.001) and hemispheric lobules (P < 0.001) were sig-

nificantly more frequent in sBCC than in other subtypes

(Fig. 1); on the other hand, macrolobules (P < 0.001), bright

rim (P = 0.003), triad of colours (P = 0.001), lobule’s separa-

tion from the epidermis (P < 0.001), elongated lobules

(P = 0.004), blood vessels (P = 0.02), stretching (P = 0.001)

and brightness (P = 0.04) of the stroma, and large bright cells

within the lobules (P = 0.03) were significantly less frequent in

sBCC than in other subtypes (Fig. 2).

The criteria significantly associated with nBCC were the

presence of macrolobules (P < 0.001), the absence of

microlobules (P = 0.04), the absence of lobules connected to

the epidermis (P = 0.001) and the presence of parakeratosis

(P = 0.04; Fig. 3).

Table 2 Characteristics of the basal cell carcinomas included in the study

Overall Head/neck Trunk Upper extremities Lower extremities

Pure BCC subtypes

Superficial 19 (21.4) 7 (13.7) 5 (23.8) 4 (80.0) 3 (37.5)
Nodular 31 (34.8) 17 (33.3) 8 (38.1) 0 (0) 2 (25.0)

Infiltrative 16 (18.0) 9 (17.7) 5 (23.8) 0 (0) 2 (25.0)

Mixed BCC subtypes

Superficial and infiltrative 8 (9.0) 6 (11.8) 2 (9.5) 0 (0) 0 (0)
Superficial and nodular 5 (5.6) 4 (7.8) 1 (4.8) 0 (0) 0 (0)

Nodular and infiltrative 7 (7.9) 6 (11.8) 0 (0) 1 (20.0) 0 (0)
Superficial, nodular and infiltrative 1 (1.1) 1 (2.0) 0 (0) 0 (0) 0 (0)

Metatypical 1 (1.1) 0 (0) 0 (0) 0 (0) 1 (12.5)

Fibroepithelioma of pinkus 1 (1.1) 1 (2.0) 0 (0) 0 (0) 0 (0)

Total 89 51 21 5 8

N (%) displayed in each box. Numbers do not always add up to the total due to missing values.
BCC, basal cell carcinoma.
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(i.e. aggregates of basaloid cells growing into the dermis) and

were previously identified as such by studies with RCM,37–44

OCT23 and HD-OCT.33,34,45 Here, lobules were found in all

study BCCs except one (in that particular case, due to the deep

lobular location). This could represent a limitation of the utility

of LC-OCT for tumours with a very deep component, similarly

Figure 2 Nodular basal cell carcinoma (nBCC) on the right buttock of a 71-year-old man: clinical (a), dermoscopic (b) and histopatholog-
ical (c) presentation; line-field confocal optical coherence tomography (LC-OCT) images (d, e). LC-OCT examination reveals the presence
of macrolobules composed of an inner grey core featuring the peculiarmillefeuille pattern (yellow stars) surrounded by a middle dark rim
(yellow arrows) and an outer bright rim (blue arrows). The lobules are clearly separated from the epidermis (red stars). Modifications of the
stroma, such as stretching and increased brightness, are visible (green squares). Small bright cells can be seen as hyper-reflective struc-
tures within the epidermis and the lobules (grew arrows). Large (orange arrow) and dendritic bright cells (pink arrow) are also visible inside
the lobules.
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diagnosis of iBCC was four times more likely in the pres-

ence of branched lobules (Table 4).

Prototypic criteria of each BCC subtype could be generally

observed simultaneously in mixed subtypes, e.g. coexistence of

hemispheric and branched lobules in superficial and infiltrative

BCC (s&iBCC; data not shown, Fig. S1, Supporting Information).

Discussion
The results of the present study showed that lobules, blood ves-

sels and small bright cells within the epidermis were the most

frequent LC-OCT criteria for BCC.

Lobules represent an exceedingly important criterion as they

correspond to the most distinctive histological feature of BCC

Figure 1 Superficial basal cell carcinoma (sBCC) on the anterior right leg of a 65-year-old woman: clinical (a), dermoscopic (b) and
histopathological (c) presentation; line-field confocal optical coherence tomography (LC-OCT) images (d, e). LC-OCT examination reveals
the presence of hemispheric lobules composed of an inner grey core featuring the peculiarmillefeuille pattern (yellow stars), surrounded
by a dark rim especially visible in the deeper portion of the lobule (yellow arrows). An outer bright rim is only partially visible in the deeper
edge of the lobules (blue arrow). The lobules are intimately connected to the epidermis (red stars). Blood vessels are visualized as well-de-
fined, hypo-reflective structures of various shape/size localized within the dermis and especially next to the lobules (red arrows). Small
bright cells can be seen as hyper-reflective structures within the epidermis (green arrows).
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from the list of LC-OCT criteria to be assessed in this study

because previous OCT investigations were unable to clearly

identify it.23 Future studies using more advanced prototypes

(especially with 3D view) should address whether palisading is

indeed detectable with LC-OCT.

Blood vessels appeared as dark structures within the dermis,

especially next to tumour islands (neo-angiogenesis), as previ-

ously observed in histopathology and other non-invasive imag-

ing techniques.51 They are particularly easy to identify with the

LC-OCT in vivo acquisition modality/videos, which can high-

light the blood cells flowing within them.

Bright cells of various shape and size, some with long den-

drites, were detected both within the epidermis and the lobules

in most study BCCs. Their histopathological correlate is proba-

bly represented by immunologically competent skin cells and

activated melanocytes. This finding, in line with previous RCM

observations40,41,52 but new in the OCT literature, suggests that

LC-OCT could potentially visualize cells other than ker-

atinocytes – such as melanocytes. Further studies are needed to

demonstrate if/how precisely dendritic cells can be seen with

LC-OCT.

In line with RCM53 and HD-OCT observations,33,34

additional important LC-OCT criteria for BCC were

stroma modifications such as stretching and increased

brightness, which are probably due to the effect exerted by

the tumour islands on the collagen fibres (tumour–stroma

interaction).54,55

Figure 4 Infiltrative basal cell carcinoma (iBCC) on the right leg of a 79-year-old man: clinical (a), dermoscopic (b) and histopathological
(c) presentation; line-field confocal optical coherence tomography (LC-OCT) image (d). LC-OCT examination reveals the presence of
branched lobules composed of an inner grey core featuring the peculiarmillefeuille pattern (yellow star) surrounded by a dark rim (yellow
arrows). The lobules are clearly separated from the epidermis (red star). Blood vessels are visualized as well-defined, hypo-reflective
structures of various shape/size localized within the dermis and especially next to the lobules (red arrows).

Table 4 Independent LC-OCT predictors of each BCC subtype

OR (95% CI) P-value

Superficial BCC

Hemispheric lobule(s) 12.60 (2.10–75.57) 0.006
Lobule(s) separated from epidermis 0.19 (0.04–0.93) 0.04

Stretching of the stroma 0.09 (0.01–0.54) 0.008

Nodular BCC

Macrolobule(s) 9.44 (1.66–53.65) 0.01
Lobule(s) connected to epidermis 0.16 (0.05–0.57) 0.005

Infiltrative BCC
Branched lobule(s) 4.07 (1.25–13.27) 0.02

Results from three separate multivariate logistic regression models, one for each
dependent dichotomous variable (superficial, nodular and infiltrative BCC). The
following variables were originally entered in each model: for superficial BCC,
macrolobule, bright rim, triad of colours, lobule’s separation from the epidermis,
lobule’s connection to the epidermis, elongated lobule, hemispheric lobule, blood
vessels, stroma modifications and large bright cells within the lobules; for nodular
BCC, macrolobule, microlobule, lobule’s connection to the epidermis and parak-
eratosis; and for infiltrative BCC, hemispheric lobule and branched lobule. A
backward elimination approach was used, by which the least significant predic-
tors were removed one by one until all predictors in the model were significant.
BCC, basal cell carcinoma; CI, confidence interval; OR, odds ratio.
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Finally, the likelihood of iBCC was increased by the presence

of branched lobules (P = 0.03) and by the absence of hemi-

spheric lobules (P < 0.001; Fig. 4).

The criteria significantly associated with each BCC subtype

were entered in multivariate logistic regression models,

which were used to determine the criteria independently

associated with each BCC subtype (Table 4). A diagnosis of

sBCC was 12 times more likely in the presence of hemi-

spheric lobules; lobule separation from the epidermis and

stretching of the stroma significantly decreased the likelihood

of sBCC by 81% and 91%, respectively. A diagnosis of

nBCC was more likely in the presence of macrolobules

(nine-fold higher odds) and in the absence of lobule con-

nection to the epidermis (84% lower odds). Finally, a

Table 3 Distribution of LC-OCT criteria overall and according to BCC subtype

A. Overall B. According to BCC subtype P-value

(n = 89) sBCC (n = 19) nBCC (n = 31) iBCC (n = 16)

Lobule 88 (98.9) 19 (100) 30 (96.8) 16 (100) 0.56

Lobule size
Macrolobules 73 (82.0) 9 (47.4) 29 (93.5) 14 (87.5) <0.001

Microlobules 49 (55.1) 14 (73.7) 12 (38.7) 10 (62.5) 0.04
Lobule composition

Lamination 75 (84.3) 14 (73.7) 29 (93.5) 14 (87.5) 0.14
Clefting 82 (92.1) 18 (94.7) 29 (93.5) 15 (93.8) 0.99

Bright rim 66 (74.2) 9 (47.4) 27 (87.1) 14 (87.5) 0.003
Triad of colours 56 (62.9) 5 (26.3) 24 (77.4) 12 (75.0) 0.001

Lobule location
Separated from epidermis 68 (76.4) 7 (36.8) 28 (90.3) 15 (93.8) <0.001

Connected to epidermis 57 (64.0) 19 (100.0) 15 (48.4) 10 (62.5) 0.001
Lobule morphology

Round 42 (47.2) 5 (26.3) 16 (51.6) 10 (62.5) 0.08
Elongated 56 (62.9) 6 (31.6) 24 (77.4) 11 (68.8) 0.004

Hemispheric 23 (25.8) 12 (63.2) 5 (16.1) 1 (6.3) <0.001
Branched 25 (28.1) 3 (15.8) 9 (29.0) 9 (56.3) 0.03

Polymorphic 11 (12.4) 2 (10.5) 4 (12.9) 2 (12.5) 0.97

Blood vessels 84 (94.4) 16 (84.2) 31 (100) 16 (100) 0.02

Stroma involvement
Stretching 68 (76.4) 8 (42.1) 27 (87.1) 14 (87.5) 0.001

Brightness 41 (46.1) 4 (21.1) 17 (54.8) 9 (56.3) 0.04

Epidermal changes

Parakeratosis 17 (19.1) 1 (5.3) 9 (29.0) 1 (6.3) 0.04
Disorganized epidermis 17 (19.1) 4 (21.1) 7 (22.6) 4 (25.0) 0.96

Disrupted DEJ 57 (64.0) 15 (78.9) 16 (51.6) 11 (68.8) 0.13

Bright cells within epidermis

Small bright cell 86 (96.6) 19 (100.0) 30 (96.8) 15 (93.8) 0.56
Large bright cell 9 (10.1) 0 (0.0) 3 (9.7) 3 (18.8) 0.16

Dendritic bright cell 4 (4.5) 1 (5.3) 0 (0.0) 1 (6.3) 0.40

Bright cells within lobules

Small bright cell 78 (87.6) 15 (78.9) 29 (93.5) 14 (87.5) 0.31
Large bright cell 21 (23.6) 1 (5.3) 12 (38.7) 5 (31.3) 0.03

Dendritic bright cell 9 (10.1) 0 (0.0) 6 (19.4) 2 (12.5) 0.13

Other

Ulceration 24 (27.0) 2 (10.5) 11 (35.5) 4 (25.0) 0.15
Cysts 10 (11.2) 2 (10.5) 3 (9.7) 1 (6.3) 0.90

Crust 28 (31.5) 4 (21.1) 12 (38.7) 5 (31.3) 0.43

N (%) displayed in each box, unless otherwise stated.
P-values were calculated by means of Pearson’s chi-squared test.
Significant findings are highlighted in bold.
DEJ, dermal–epidermal junction; iBCC, infiltrative basal cell carcinoma; nBCC, nodular basal cell carcinoma; sBCC, superficial basal cell carcinoma.
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diagnosis of iBCC was four times more likely in the pres-

ence of branched lobules (Table 4).

Prototypic criteria of each BCC subtype could be generally

observed simultaneously in mixed subtypes, e.g. coexistence of

hemispheric and branched lobules in superficial and infiltrative

BCC (s&iBCC; data not shown, Fig. S1, Supporting Information).

Discussion
The results of the present study showed that lobules, blood ves-

sels and small bright cells within the epidermis were the most

frequent LC-OCT criteria for BCC.

Lobules represent an exceedingly important criterion as they

correspond to the most distinctive histological feature of BCC

Figure 1 Superficial basal cell carcinoma (sBCC) on the anterior right leg of a 65-year-old woman: clinical (a), dermoscopic (b) and
histopathological (c) presentation; line-field confocal optical coherence tomography (LC-OCT) images (d, e). LC-OCT examination reveals
the presence of hemispheric lobules composed of an inner grey core featuring the peculiarmillefeuille pattern (yellow stars), surrounded
by a dark rim especially visible in the deeper portion of the lobule (yellow arrows). An outer bright rim is only partially visible in the deeper
edge of the lobules (blue arrow). The lobules are intimately connected to the epidermis (red stars). Blood vessels are visualized as well-de-
fined, hypo-reflective structures of various shape/size localized within the dermis and especially next to the lobules (red arrows). Small
bright cells can be seen as hyper-reflective structures within the epidermis (green arrows).
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(i.e. aggregates of basaloid cells growing into the dermis) and

were previously identified as such by studies with RCM,37–44

OCT23 and HD-OCT.33,34,45 Here, lobules were found in all

study BCCs except one (in that particular case, due to the deep

lobular location). This could represent a limitation of the utility

of LC-OCT for tumours with a very deep component, similarly

Figure 2 Nodular basal cell carcinoma (nBCC) on the right buttock of a 71-year-old man: clinical (a), dermoscopic (b) and histopatholog-
ical (c) presentation; line-field confocal optical coherence tomography (LC-OCT) images (d, e). LC-OCT examination reveals the presence
of macrolobules composed of an inner grey core featuring the peculiarmillefeuille pattern (yellow stars) surrounded by a middle dark rim
(yellow arrows) and an outer bright rim (blue arrows). The lobules are clearly separated from the epidermis (red stars). Modifications of the
stroma, such as stretching and increased brightness, are visible (green squares). Small bright cells can be seen as hyper-reflective struc-
tures within the epidermis and the lobules (grew arrows). Large (orange arrow) and dendritic bright cells (pink arrow) are also visible inside
the lobules.
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to RCM, which offers a more superficial examination:43 future

studies will need to explore this issue. Interestingly, however, the

other important LC-OCT criteria for BCC were present in that

one particular case. Lobules were typically characterized by a

triad of colours, i.e. an outer bright rim surrounding a middle

dark rim and an inner grey core. The outer bright rim was char-

acterized by a higher reflectivity than the surrounding stroma, as

previously reported for HD-OCT,33,34 probably due to the com-

pression (mass effect) exerted by the tumour islands on the col-

lagen fibres. The middle dark rim surrounding the lobule

probably corresponds to peritumoral mucin deposition, as

already suggested by RCM and OCT.46,47 The grey core of the

lobule corresponded to dense cellularity prevalently orientated

along the same axis, as previously observed in RCM.37,39 This

likely explains the presence of a peculiar pattern of LC-OCT,

which we named millefeuille pattern, as it resembles the arrange-

ment seen in the eponymous French delicacy: it corresponds to a

laminated structure in which the orientation of the basaloid cells

is prevalently parallel to the epidermis. This pattern can be visu-

alized thanks to the cellular resolution of LC-OCT, whereas it

could not be appreciated by previous OCT technologies.9–11,23

The millefeuille pattern represents an added value of LC-OCT as

compared to conventional OCT and HD-OCT, for which the

core of a BCC lobule was merely defined as signal-poor,12,36,48,49

hypo-reflective14 or grey.45 Conversely, the typical palisading –
seen in histopathology19,50 and RCM43 – was a priori excluded

Figure 3 Nodular basal cell carcinoma (nBCC) on the left forehead of a 69-year-old man: clinical (a), dermoscopic (b) and histopatholog-
ical (c) presentation; line-field confocal optical coherence tomography (LC-OCT) images (d, e). LC-OCT examination reveals the presence
of macrolobules composed of an inner grey core featuring the peculiarmillefeuille pattern (yellow stars) surrounded by a middle dark rim
(yellow arrows) and an outer bright rim (blue arrows). The lobules are clearly separated from the epidermis (red stars). Blood vessels are
visualized as well-defined, hypo-reflective structures of various shape/size localized within the dermis and especially next to the lobules
(red arrows). Modifications of the stroma, such as stretching and increased brightness, are visible (green squares).
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from the list of LC-OCT criteria to be assessed in this study

because previous OCT investigations were unable to clearly

identify it.23 Future studies using more advanced prototypes

(especially with 3D view) should address whether palisading is

indeed detectable with LC-OCT.

Blood vessels appeared as dark structures within the dermis,

especially next to tumour islands (neo-angiogenesis), as previ-

ously observed in histopathology and other non-invasive imag-

ing techniques.51 They are particularly easy to identify with the

LC-OCT in vivo acquisition modality/videos, which can high-

light the blood cells flowing within them.

Bright cells of various shape and size, some with long den-

drites, were detected both within the epidermis and the lobules

in most study BCCs. Their histopathological correlate is proba-

bly represented by immunologically competent skin cells and

activated melanocytes. This finding, in line with previous RCM

observations40,41,52 but new in the OCT literature, suggests that

LC-OCT could potentially visualize cells other than ker-

atinocytes – such as melanocytes. Further studies are needed to

demonstrate if/how precisely dendritic cells can be seen with

LC-OCT.

In line with RCM53 and HD-OCT observations,33,34

additional important LC-OCT criteria for BCC were

stroma modifications such as stretching and increased

brightness, which are probably due to the effect exerted by

the tumour islands on the collagen fibres (tumour–stroma

interaction).54,55

Figure 4 Infiltrative basal cell carcinoma (iBCC) on the right leg of a 79-year-old man: clinical (a), dermoscopic (b) and histopathological
(c) presentation; line-field confocal optical coherence tomography (LC-OCT) image (d). LC-OCT examination reveals the presence of
branched lobules composed of an inner grey core featuring the peculiarmillefeuille pattern (yellow star) surrounded by a dark rim (yellow
arrows). The lobules are clearly separated from the epidermis (red star). Blood vessels are visualized as well-defined, hypo-reflective
structures of various shape/size localized within the dermis and especially next to the lobules (red arrows).

Table 4 Independent LC-OCT predictors of each BCC subtype

OR (95% CI) P-value

Superficial BCC

Hemispheric lobule(s) 12.60 (2.10–75.57) 0.006
Lobule(s) separated from epidermis 0.19 (0.04–0.93) 0.04

Stretching of the stroma 0.09 (0.01–0.54) 0.008

Nodular BCC

Macrolobule(s) 9.44 (1.66–53.65) 0.01
Lobule(s) connected to epidermis 0.16 (0.05–0.57) 0.005

Infiltrative BCC
Branched lobule(s) 4.07 (1.25–13.27) 0.02

Results from three separate multivariate logistic regression models, one for each
dependent dichotomous variable (superficial, nodular and infiltrative BCC). The
following variables were originally entered in each model: for superficial BCC,
macrolobule, bright rim, triad of colours, lobule’s separation from the epidermis,
lobule’s connection to the epidermis, elongated lobule, hemispheric lobule, blood
vessels, stroma modifications and large bright cells within the lobules; for nodular
BCC, macrolobule, microlobule, lobule’s connection to the epidermis and parak-
eratosis; and for infiltrative BCC, hemispheric lobule and branched lobule. A
backward elimination approach was used, by which the least significant predic-
tors were removed one by one until all predictors in the model were significant.
BCC, basal cell carcinoma; CI, confidence interval; OR, odds ratio.
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Results from three separate multivariate logistic regression models, one for each
dependent dichotomous variable (superficial, nodular and infiltrative BCC). The
following variables were originally entered in each model: for superficial BCC,
macrolobule, bright rim, triad of colours, lobule’s separation from the epidermis,
lobule’s connection to the epidermis, elongated lobule, hemispheric lobule, blood
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The level of keratinocyte maturation is illustrated in
Figure 3, which shows the keratinocyte nuclei distribu-
tion according to their volume across the epidermis.

4 | DISCUSSION

To our knowledge, this is the first study providing an in vivo,
quantitative analysis of healthy epidermis using 3D images.
The study exploited the recently developed LC-OCT technol-
ogy, which was previously used in a similar study carried out
by Monnier et al. on two-dimensional (2D) images of healthy
skin [14]. In line with the results of that preliminary investiga-
tion, the present study found that the dorsal hand had the thi-
ckest SC as well as the thickest epidermis whereas the cheek
had the thinnest SC and the pre-sternal chest the thinnest epi-
dermis. Additionally, the mean thicknesses reported in our
studywere consistentwith those reported byMonnier et al.

Using the 3D LC-OCT technology, we were able to pro-
duce unique in vivo images of the DEJ and objectively
quantify its undulation. Our findings suggest that the DEJ
undulation varies significantly across body sites, the biggest
differences being found between the cheek (almost flat) and
the back (highly undulated). These data can be useful in
dermatology clinical practice to evaluate the DEJ interdigi-
tation index and help dermatologists understand and

quantify features observed in horizontal images obtained
with other techniques such as RCM and dermoscopy.

Several limited attempts have quantified DEJ undula-
tion. First, Timar et al. developed the interdigitation
index to enable DEJ undulation measurement from histo-
logical samples. They found young skin was 20% more
undulated than older skin [15]. Although this index was
developed for histological samples, it remains valid
in vivo which enabled us to extrapolate it to our 3D DEJ
undulation calculations. Subsequently, Decencière et al.
used multiphoton microscopy to examine the DEJ on the
inner forearm skin. They defined the DEJ as a function
of the surface area divided by the projection area on a
horizontal plane [21]. However, multiphoton microscopy
features a smaller field of view (130 ! 130 ! 164 μm3)
and a longer acquisition time (8.5 minutes) than LC-OCT
(1.2 ! 0.5 ! 0.5 mm3 in 30 seconds), thus appearing less
appropriate for clinical practice and research. Recently,
several authors have attempted to quantify DEJ with
RCM. Lagarrigue et al. [6] and Kawasaki et al. [22] used
a non-automatic quantification method of the dermal
papillae density and diameter based on 2D images
extracted from a horizontal stack. Kurugol et al. [23],
Hames et al. [24] and Robic et al. [25] developed auto-
mated algorithms to guide the delineation of the DEJ and
Hames et al. [24] proposed a quantification of the DEJ

FIGURE 3 Keratinocyte nuclei distribution according to their volume (level of keratinocyte maturation) on the cheek and dorsal hand
of the same study participant (21-year-old female, phototype II). Keratinocytes are illustrated in 3D and colored according to nuclei volume
(red, quintile I including the smallest; blue, quintile III including the intermediate; yellow, quintile V including the biggest). The dermal-
epidermal junction is depicted as a green layer (undulation index expressed in percentage). Three distinct layers are visible: a lower, red
layer (just above the DEJ) containing small, immature basal keratinocytes; an intermediate, blue layer containing maturing keratinocytes;
and an upper, yellow layer containing large, mature keratinocytes. DEJ, dermal epidermal junction; KN, keratinocytes; SC, stratum
corneum; SS, stratum spinosum. Thicknesses (μm); nuclei volume (μm3); keratinocyte density (mm"2)
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57 120 ± 6852 mm!2; cell layers 7.4 ± 0.8; P = .002;
Table 2). No differences were observed between youn-
ger and older skin. Number of cell layers was highly
correlated with both keratinocyte density (r2 = 0.94,

P < .001; Figure 2A) and SS thickness (r2 = 0.96,
P < .001; Figure 2B).

Table 3 illustrates the variation of keratinocytes
nuclei volume and compactness across different body
sites and age groups.

TABLE 1 Epidermal and dermal-epidermal junction quantifications resulting from the segmentation of the skin layers

Body site SC thickness (μm) SS thickness (μm) Epidermis thickness (μm) DEJ undulation (%)

Forehead 11.7 (2.1) 11.6 (2.5) 69.5 (13.5) 69.4 (11.8) 81.2 (13.4) 81.0 (12.7) 20.8 (10.5) 22.2 (9.6)

11.8 (1.8) 69.7 (19.0) 81.5 (17.3) 18.6 (13.9)

Nose 12.6 (2.8) 13.0 (3.4) 74.3 (13.5) 76.4 (9.6) 86.9 (12.1) 89.5 (7.0) 18.7 (9.0) 20.7 (11.0)

11.9 (1.6) 70.6 (20.5) 82.5 (19.1) 15.4 (3.5)

Cheek 10.0 (1.3) 9.7 (1.6) 47.6 (4.6) 49.7 (4.2) 57.6 (4.5) 59.4 (4.6) 7.3 (1.3) 7.0 (1.5)

10.6 (0.6) 44.1 (3.2) 54.6 (2.8) 7.7 (0.8)

Chest 11.6 (2.0) 12.1 (1.9) 42.1 (6.2) 43.6 (7.6) 53.7 (6.5) 55.7 (7.4) 16.9 (6.8) 18.3 (7.8)

10.7 (2.0) 39.6 (2.3) 50.3 (3.2) 14.5 (5.3)

Back 12.3 (2.1) 11.5 (1.7) 48.4 (7.0) 48.6 (7.8) 60.8 (7.0) 60.1 (6.7) 29.6 (10.4) 26.1 (9.4)

13.7 (2.2) 48.2 (6.9) 61.9 (8.9) 35.4 (11.0)

Dorsal forearm 15.2 (3.9) 14.9 (3.2) 48.9 (7.0) 49.4 (4.4) 64.0 (6.6) 64.3 (5.1) 14.2 (6.0) 14.6 (7.6)

15.6 (5.6) 48.0 (11.4) 63.6 (10.0) 13.5 (2.9)

Dorsal part of hand 24.1 (4.6) 22.3 (1.0) 68.7 (7.6) 66.3 (5.7) 92.9 (11.3) 88.7 (5.9) 11.1 (4.9) 10.2 (5.9)

27.1 (7.0) 72.7 (10.0) 99.8 (16.2) 12.6 (3.4)

Note: The results are expressed as mean (SD). For each metric, the first column shows the overall mean value and the second column the mean value for the
younger group (top line) and older group (bottom line). The largest value for each metric is shown in bold type.
Abbreviations: DEJ, dermal-epidermal junction; SC, stratum corneum; SS, stratum spinosum.

FIGURE 1 3D LC-OCT quantification of epidermal characteristics in seven body sites on the same subject (27-year-old female,
phototype II). The thickness of stratum corneum (SC) and stratum spinosum (SS) are reported in μm, whereas the undulation of the dermal-
epidermal junction (DEJ, green layer) is expressed in percentage
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Non‑invasive scoring of cellular 
atypia in keratinocyte cancers 
in 3D LC‑OCT images using Deep 
Learning
Sébastien Fischman1*, Javiera Pérez‑Anker2,3, Linda Tognetti4, Angelo Di Naro4, 
Mariano Suppa5,6,7, Elisa Cinotti4,6, Théo Viel1, Jilliana Monnier6,8, Pietro Rubegni4, 
Véronique del Marmol5, Josep Malvehy2,3, Susana Puig2,3, Arnaud Dubois9 & 
Jean‑Luc Perrot10

Diagnosis based on histopathology for skin cancer detection is today’s gold standard and relies on 
the presence or absence of biomarkers and cellular atypia. However it suffers drawbacks: it requires 
a strong expertise and is time‑consuming. Moreover the notion of atypia or dysplasia of the visible 
cells used for diagnosis is very subjective, with poor inter‑rater agreement reported in the literature. 
Lastly, histology requires a biopsy which is an invasive procedure and only captures a small sample of 
the lesion, which is insufficient in the context of large fields of cancerization. Here we demonstrate 
that the notion of cellular atypia can be objectively defined and quantified with a non‑invasive in‑vivo 
approach in three dimensions (3D). A Deep Learning (DL) algorithm is trained to segment keratinocyte 
(KC) nuclei from Line‑field Confocal Optical Coherence Tomography (LC‑OCT) 3D images. Based on 
these segmentations, a series of quantitative, reproducible and biologically relevant metrics is derived 
to describe KC nuclei individually. We show that, using those metrics, simple and more complex 
definitions of atypia can be derived to discriminate between healthy and pathological skins, achieving 
Area Under the ROC Curve (AUC) scores superior than 0.965, largely outperforming medical experts on 
the same task with an AUC of 0.766. All together, our approach and findings open the door to a precise 
quantitative monitoring of skin lesions and treatments, offering a promising non‑invasive tool for 
clinical studies to demonstrate the effects of a treatment and for clinicians to assess the severity of a 
lesion and follow the evolution of pre‑cancerous lesions over time.

Histopathology is the gold standard to con!rm a diagnosis in all tissues. "e advent of numerical technologies 
facilitate the access of physicists to digital imaging. However, diagnoses and prognoses with whole slide images 
still su#er from the subjectivity and level of experience of the specialist, even when some grading scales systems 
 exist1,2.

"e recent progress in computer vision with Deep Learning techniques has opened up new opportunities 
to create more reliable quantitative metrics based on physical segmentations to help pathologists. Speci!cally, 
metrics based on cell nuclei spatial distributions have gained recent interest as cell nuclei are essential markers 
for the diagnosis and study of  cancer3. Due to the large amount of cells visible in medical images at microscopic 
level, their global geometry is especially hard to understand for the human eye, making automated segmentation 
of nuclei particularly helpful and promising. Waliszewski et al.4 tried to quantify the spatial distribution of cancer 
cell nuclei with a fractal geometrical model to automate Gleason scoring. Kendall et al.5 introduced geoscience 
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frameworks and a two dimensional space (2D) graph-based approach for digital pathology in order to quanti-
tatively di!erentiate lesional and non-lesional images. Lu et al.6 also used automated cell nuclei segmentations 
and a local nuclear graph approach to create complex, hardly interpretable but reproducible metrics, useful for 
predicting lung cancer survival of patients. Jiao et al.7 proposed a 2D distribution analysis of spatial organisation 
of cell nuclei in brain tumors using Voronoi statistics. Zhou et al.8 applied a graph neural network approach from 
nuclei segmentation in order to automatically grade colorectal cancer histology images.

All these studies tried to capture the complexity of the spatial distribution of cell nuclei from histology slides 
into a few quantitative metrics to demonstrate predictive or discriminative power. But histology slides cannot 
perfectly re#ect the actual physical changes of tissues. In fact, slide preparation pipeline (including biopsy, tissue 
$xation, processing, sectioning and staining) creates physical deformation and results in a 2D representation 
that cannot fully capture the spatial complexity of a 3D reality, which is a known  issue9–11.

LC-OCT is a new in-vivo non-invasive medical imaging technology that combines deep penetration and 
cellular resolution in  3D12. It allows to study cell nuclei distributions without the sliding procedure deformation 
and renders information in 3D. With a resolution of 1 µm, LC-OCT is more accurate than standard Optical 
Coherence Tomography (OCT)13 and presents an ideal resolution for nuclei segmentation. Re#ectance Con-
focal Microscopy (RCM) images are very similar to LC-OCT images, except that they don’t allow imaging in 
3D. Pellacani et al.14 showed that two by two comparisons of 2D RCM images could allow specialists to rank 
actinic keratosis by atypia in a similar order than with histopathology images. Such an approach does not allow 
to objectively de$ne atypia nor systematically reproduce the results, and no absolute atypia score is generated, 
only a relative score among a $xed set of images.

%is study proposes a novel automated approach based on deep learning segmentation applied to 3D LC-OCT 
images, capable of accurately assessing the amount of atypia in keratinocyte cancers. Our approach overcomes 
many of the limitations of existing studies. Our pipeline is non-invasive and therefore does not require biop-
sies. Atypia scores are calculated on 3D LC-OCT images and therefore do not su!er from the distortions and 
limitations of a 2D histology slide which is also a time consuming process whereas a 3D LC- OCT image can 
be acquired in 30 seconds. All features used to de$ne cellular atypia are physically robust and easy to interpret, 
making the $nal score more reliable than that provided by ”black box” algorithms.

Material
Line‑field confocal optical coherence tomography (LC‑OCT). Images of the study were collected 
using LC–OCT devices (DAMAE Medical, Paris) which produce—painlessly and non-invasively— vertically-
oriented (histology-like) and horizontally-oriented (similar to Re#ectance Confocal Microscopy (RCM)) sec-
tional images as well as full 3D volume block images (Fig. 1). %e LC-OCT technology uses a two-beam interfer-

Figure 1.  (a) Representation of a 3D Voronoi Diagram in a cube. (b) Scheme of a StarDist inputs, probability 
predictions and rays predictions. (c) Representation of skin structure, center to center distance (in green) and 
border to border distance (in blue). (d) Example of 3D visualisation of StarDist nuclei detection in LC-OCT 3D 
images.
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analyse the feature importance for each model as shown in Fig. 5 to give more trust to the practitioners in the 
automated scores.

For the Logistic Regression, the perfect prototype for an atypical cell is a large (both large nucleus volume 
and cytoplasm radius), non spherical (low compactness) cell, surrounded by a few large cells as neighbours. For 
the XGBoost algorithm, the perfect prototype for an atypical cell is also large cell surrounded by a few hetero-
geneous cells in terms of sizes as shown in Fig. 5c,d. For the Isolation Forest 4 features are mostly used to de"ne 
atypia (Fig. 5b): the volume ratio with neighbouring cells, the distance and number of neighbouring cells and 
the cytoplasm size.

Even though the de"nitions of atypia are di#erent for each model they are highly correlated between each 
other: the Logistic Regression has a Pearson correlation coe$cient at the global atypia level of 0.98 and 0.95 
with XGBoost and the simple rule respectively while the Isolation Forest has a correlation of 0.93, 0.88 and 0.91 
with the simple rule, the Logistic Regression and XGBoost respectively. %ese correlations suggest that the most 

Figure 3.  Example of atypia detections (in red) and normal nulcei (in green) with the simple rule-based atypia 
de"nition for one AK lesion (a) and its perilesional "eld of cancerization (b).

Figure 4.  Box plots (min, max, median, q1, q3) of average atypia score per stack for di#erent methods 
including medical consensus from the reader study. %e medical consensus has a much lower AUC score than 
the other automated methods.
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• An unsupervised approach with the Isolation Forest  algorithm27, where atypia are simply considered as cells 
that look di!erent from the majority of cells. No labels are needed for training the algorithm.

• A weakly-supervised approach, where the main assumption is that atypia mostly appear in pathological skin. 
During the training phase, all nuclei from pathological skin are considered atypical while all nuclei from 
healthy skin are considered healthy. Two di!erent models are trained following this paradigm: a Logistic 
 Regression28 and a  XGBoost29.

Detailed explanations about the di!erent algorithms, training procedures and outputs analysis can be found in 
the “Methods” section.

Reader study. To compare the automated models to medical experts, we asked three dermatologists, highly 
experienced in non-invasive imaging, to review and assess an atypia score for each 3D image. "e images are 
presented to the experts as two short videos, en-face and en-coupe views, spanning the entire 3D image.

Experts were asked to assess 3 criteria both on horizontal and vertical images (atypia related to the shape, size 
and spatial spread of atypia nuclei) using a scale from 0 to 4 (0 meaning no irregularities, 1 if less than 25%, 2 if 
between 25 and 50%, 3 between 50 and 75% and 4 if more than 75% of nuclei are irregular).

In total, 6 scores were given for each of the 185 LC-OCT 3D images of the study. For each score, a higher 
value indicates a higher degree of atypia. When summing all the scores, this gives a global atypia score ranging 
from 0 to 24. "e score is normalized between 0 and 1 and compared to the Machine Learning based scores. A 
medical consensus score is computed by averaging the scores of each reviewer.

Statistical tools. Classical statistical tools were used to analyse the di!erent results of the study. To compare 
metrics between the healthy and pathological skins we used a T-test for the means of two independent samples of 
scores using  scipy30. To compute the correlation between the scores of the di!erent methods we used the Pearson 
correlation also using scipy.

Results

Statistically significant differences at image level. A T-test analysis of the image level metrics shows 
statistically signi#cant di!erences between healthy and pathological populations (Fig. 2). Positive t-values indi-
cate larger values for the pathological population than the healthy population while negative value indicate the 
opposite.

Healthy skins have a higher cell density than pathological ones (Fig. 2a : t-value = 9.69, p-value = 3.39 × 10−18 ) 
and larger nuclei compared to their cytoplasm as shown by a lower border to border distance over center to 
center distance ratio. (Fig. 2h: t-value = 11.9, p-value = 1.79 × 10−24).

However pathological skins have larger nuclei in terms of volumes (Fig. 2c : t-value = 1.24, p-value = 3.88 
× 10−26 ). Moreover smaller and larger nuclei coexist in pathological skins while volumes are more uniform in 

Figure 2.  Global metrics per image with their corresponding t-values and p-values for the T-test for the means 
of two independent samples of scores.
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frameworks and a two dimensional space (2D) graph-based approach for digital pathology in order to quanti-
tatively di!erentiate lesional and non-lesional images. Lu et al.6 also used automated cell nuclei segmentations 
and a local nuclear graph approach to create complex, hardly interpretable but reproducible metrics, useful for 
predicting lung cancer survival of patients. Jiao et al.7 proposed a 2D distribution analysis of spatial organisation 
of cell nuclei in brain tumors using Voronoi statistics. Zhou et al.8 applied a graph neural network approach from 
nuclei segmentation in order to automatically grade colorectal cancer histology images.

All these studies tried to capture the complexity of the spatial distribution of cell nuclei from histology slides 
into a few quantitative metrics to demonstrate predictive or discriminative power. But histology slides cannot 
perfectly re#ect the actual physical changes of tissues. In fact, slide preparation pipeline (including biopsy, tissue 
$xation, processing, sectioning and staining) creates physical deformation and results in a 2D representation 
that cannot fully capture the spatial complexity of a 3D reality, which is a known  issue9–11.

LC-OCT is a new in-vivo non-invasive medical imaging technology that combines deep penetration and 
cellular resolution in  3D12. It allows to study cell nuclei distributions without the sliding procedure deformation 
and renders information in 3D. With a resolution of 1 µm, LC-OCT is more accurate than standard Optical 
Coherence Tomography (OCT)13 and presents an ideal resolution for nuclei segmentation. Re#ectance Con-
focal Microscopy (RCM) images are very similar to LC-OCT images, except that they don’t allow imaging in 
3D. Pellacani et al.14 showed that two by two comparisons of 2D RCM images could allow specialists to rank 
actinic keratosis by atypia in a similar order than with histopathology images. Such an approach does not allow 
to objectively de$ne atypia nor systematically reproduce the results, and no absolute atypia score is generated, 
only a relative score among a $xed set of images.

%is study proposes a novel automated approach based on deep learning segmentation applied to 3D LC-OCT 
images, capable of accurately assessing the amount of atypia in keratinocyte cancers. Our approach overcomes 
many of the limitations of existing studies. Our pipeline is non-invasive and therefore does not require biop-
sies. Atypia scores are calculated on 3D LC-OCT images and therefore do not su!er from the distortions and 
limitations of a 2D histology slide which is also a time consuming process whereas a 3D LC- OCT image can 
be acquired in 30 seconds. All features used to de$ne cellular atypia are physically robust and easy to interpret, 
making the $nal score more reliable than that provided by ”black box” algorithms.

Material
Line‑field confocal optical coherence tomography (LC‑OCT). Images of the study were collected 
using LC–OCT devices (DAMAE Medical, Paris) which produce—painlessly and non-invasively— vertically-
oriented (histology-like) and horizontally-oriented (similar to Re#ectance Confocal Microscopy (RCM)) sec-
tional images as well as full 3D volume block images (Fig. 1). %e LC-OCT technology uses a two-beam interfer-

Figure 1.  (a) Representation of a 3D Voronoi Diagram in a cube. (b) Scheme of a StarDist inputs, probability 
predictions and rays predictions. (c) Representation of skin structure, center to center distance (in green) and 
border to border distance (in blue). (d) Example of 3D visualisation of StarDist nuclei detection in LC-OCT 3D 
images.

• 3.7 million nuclei detected by the Deep Learning model (2.5 millions healthy images, 491000 in AK,
images= 630000 in fields of canceriza^on and 95000 in SCC.

• Atypia of KC: larger nuclei, less spherical, hetereogeneous



Skin layers segmentation Nuclei per layers (3D)
Green: 1st top layer
Blue: middle layer
Red: boTom layer

Nuclei per size (volume)
red: largest nuclei

Green/yellow: intermediate
blue: smallest

Nuclei per atypia (AI score)
red: highest atypia

Green/yellow: intermediate
blue: smallest atypia

• In the combined images of this study, a total of more than 3.7 million nuclei were detected by the Deep Learning model with 2.5 millions nuclei from healthy images, 491000 in 
AK, 630000 in fields of cancerization and 95000 in Bowens. 

• Atypia of KC: larger nuclei, less spherical, hetreogeneous

Measurement of KC nuclei distribution (LC-OCT)
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red: highest atypia

Green/yellow: intermediate
blue: smallest atypia



Examples of live protrusion quantification





Conclusions 

• No reliable clinical criteria to identify “high-risk” AKs
• Proliferative patterns of Aks associated to resistance to Tx and SCC
• LC-OCT aids in the identification of PRO AKs
• LC-OCT aids in the identification of SCC
• AI and LC-OCT to quantify the skin changes in AKs and SCC

control. This procedure respects location-dependent and indi-

vidual differences as well.

Direction Vessels can either be oriented parallel to each other

(streaming) or radiating in all directions from a central point, or

do not show any direction at all.

Distribution The distribution of the vessels may be regular (the

same pattern and aspect throughout the imaged area), clustered

(the presence of areas with a group of vessels with the same

aspect) or irregular (chaotic distribution and different aspects of

vessels).

The S-parameters focus on the analysis of the single vessels in

the en face images resulting in the description of six different

shapes of vessels being present in our large set of lesions. These

‘Shapes’ include dots (small red points corresponding to vessels

oriented vertical to the surface), blobs (larger round to oval red

globules corresponding to vessels oriented vertical to the sur-

face), coiled vessels (spiral-like or convoluted lines/circles), lin-

ear (fine lines), curved (comma-like lines) and serpiginous

SHAPE PATTERN

Dot

Blob Mottle

Mesh

Branching

Arborising

Bulging

Coiled

Line

Curved

Serpiginous

Figure 3 It shows a schematic illustration of the different shapes
of vessels being observed on D-OCT as well as different patterns
that can be observed within a lesion.

Mottle

Mesh

Branching

Regular

Irregular

Clustered

No orientation

Streaming

Radiating

Figure 4 Correlations of schematic illustrations of the different shapes with real D-OCT images are presented.

(a) (b) (c)

Figure 2 Diameter and density of vessels in reference images of
healthy skin, left image: low, centre image: average, right image: high.
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• Nuevos criterios diagnósticos en tumores
y otras enfermedades de la piel.

• Desarrollo de la tecnología y su combinación con
otras técnicas de diagnóstico no invasivo y la inteligencia 
artificial. 

• Kahoots para jugar después de cada bloque de temas
• e-pósters para su discusión y la votación para elegir al 

premiado será entre todos los asistentes.


