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Summary Background. Basal cell carcinoma (BCC) is the most common skin cancer in the
general population. Treatments vary from Mohs surgery to topical therapy, depend-
ing on the subtype. Dermoscopy, reflectance confocal microscopy (RCM) and optical
coherence tomography (OCT) have gained a foothold in daily clinical practice to
optimize diagnosis and subtype-oriented treatment. The new technique of line-field
confocal OCT (LC-OCT) allows imaging at high resolution and depth, but its use has
not yet been investigated in larger studies.

Aim. To evaluate the main LC-OCT criteria for the diagnosis and subtyping of BCC
compared with histopathology, OCT and RCM.

Methods. In total, 52 histopathologically confirmed BCCs were evaluated for imag-
ing criteria. Their frequency, predictive values and ROC curves were calculated. A
multinominal regression with stepwise variables selection to distinguish BCC sub-
types was performed.

Results. Nodular BCCs were mainly characterized by atypical keratinocytes, altered
dermoepidermal junction (DEJ]), tumour nests in the dermis, dark clefting, prominent
vascularization and white hyper-reflective stroma. Superficial BCCs showed a thick-
ening of the epidermis due to a series of tumour lobules with clear connection to the
DEJ (string of pearls pattern). Infiltrative BCCs were characterized by elongated
hyporeflective tumour strands, surrounded by bright collagen (shoal of fish pattern).
The overall BCC subtype agreement between LC-OCT and conventional histology
was 90.4% (95% CI 79.0-96.8).

Conclusion. LC-OCT allows noninvasive, real-time identification of BCCs and their
subtypes in vertical, horizontal and three-dimension mode compared with histology,
RCM and OCT. Further larger studies are needed to better explore the clinical appli-
cations of this promising device.
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Basal cell carcinoma (BCC) is the most commonly
occurring type of skin cancer in the general popula-
tion. Because advanced tumours can be locally
destructive and disfiguring, early detection and treat-
ment are essential to limit destructive surgical proce-
dures and their complications, economic burden and
patient discomfort." In a real-life setting, clinical and
dermoscopic examination helps with identification of
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lesions suspicious for BCC. Patients with such lesions
may then proceed to diagnostic or therapeutic proce-
dures. Histology is accepted as the gold-standard
assessment tool for BCC subtyping, which then directly
guides the treatment offered to patients.! As biopsies
are expensive and time-consuming and carry addi-
tional risks, noninvasive diagnostic methods have
gained a foothold in daily clinical practice.? Among
these, reflectance confocal microscopy (RCM), conven-
tional and high-definition optical coherence tomogra-
phy (OCT) and multiphoton microscopy have been
used to increase diagnostic accuracy and to allow non-
invasive BCC subtyping.}*9 The main imaging criteria
for diagnosing BCCs have been described in numerous
studies as having diagnostic sensitivity and specificity
values > 90%.7 !

Nevertheless, such technologies have minor disad-
vantages. Although RCM has a high resolution (hori-
zontal < 1.25 pm, vertical < 5.0 um), its penetration
depth of 200-250 pm only reaches the superficial der-
mis. By contrast, OCT has a penetration depth of up to
1.5 mm, but its resolution is only about 7.5 um (lat-
eral) to 5 pm (axial).

The new technique of line-field confocal OCT (LC-
OCT) allows the simultaneous display of horizontal
and vertical images with both cellular resolution (axial
1.1 pm, lateral 1.3 um) and a detection depth
(~500 um) that reaches to the mid-dermis. Healthy
skin, various skin tumours and mite infestations have
all been investigated by LC-OCT in pilot studies.' '®
Moreover, a recently published study'® described the
main morphological criteria for BCC subtypes in LC-
OCT. The aim of the current work was to evaluate the
advantages and limitations of LC-OCT in the diagnosis
of BCC and in the differentiation of BCC subtypes vali-
dated by histopathology in a clinical setting. A sec-
ondary aim was to compare a subgroup of LC-OCT
BCC images with corresponding RCM and OCT images
of the same lesion, focusing on diagnostic confidence.

Methods

The study protocol was reviewed and approved by the
institutional review board of LMU Munich (approval
no. 17-699) and written informed consent was
obtained from all participants.

Study population

Patients were prospectively recruited and evaluated for
the main imaging criteria in the context of a global
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study on pigmented and nonpigmented lesions exam-
ined with LC-OCT. We later included in the statistical
analysis only previously untreated cases that had been
completely excised after image review and confirmed
as BCCs by subsequent histopathological examination
and complete excision: 25 nodular (n)BCCs, 11 super-
ficial (s)BCCs, 5 infiltrative (i)BCCs and 11 nodular—
superficial (ns)BCCs. Four of the five iBCCs also
included minor nodular components, but were clus-
tered as infiltrative based on their predominant appear-
ance. The nsBCCs had a homogeneous distribution of
both components.

Images

Clinical, dermoscopic and LC-OCT images [horizontal,
vertical, three-dimensional (3D) mode] were collected
in all cases. Additionally and depending on patient
consent. OCT images in horizontal (en face) view
(6 x 6 mm in 31 cases: 13 nBCCs, 9 sBCCs, 2 iBCCs
and 7 mBCCs) and RCM multiple Vivastacks
(500 x 500 um) and Vivablocks (5 x 5 mm) images
(22 cases: 9 nBCCs, 4 sBCCs, 1 iBCC and 7 nsBCCs).
In each case, the whole tumour area was scanned.
Images were evaluated by four trained dermatologists
(CR, SS, LF, ES) and agreement reached by consensus.
Discordant cases were discussed with two dermatolo-
gists (DH, JW) who are experts in dermatopathology.
Histopathological slides were analysed by the senior
pathologist of each centre.

Imaging devices

The LC-OCT system (DAMAE Medical, Paris, France) is
classified as a class 1 supercontinuum laser, and uses
a central wavelength of 800 nm. Combining the prin-
ciple of OCT interferometry with the spatial filtering of
RCM, the device collects multiple A-scans parallel to
the skin surface to a depth of ~ 500 um, while con-
stantly adjusting its focus. It has three imaging modal-
ities displayed as a grey scale: vertical or en coupe,
horizontal or en face and 3D stack for a 3D reconstruc-
tion, with a vertical and horizontal field of view of
1.2 x 0.5 mm?. Details have been described in previ-
ous studies.'*!”192! Conventional OCT images were
acquired with Vivosight (Michelson Diagnostics Ltd,
Maidstone, Kent, UK), RCM images with Vivascope
1500 (Mavig GmbH, Munich, Germany) and clinical—
dermoscopic images with Fotofinder (FotoFinder
GmbH, Berlin, Germany) and Dermogenius 2 (Der-
moscan GmbH, Regensberg, Germany).

© 2021 The Authors. Clinical and Experimental Dermatology published by
John Wiley & Sons Ltd on behalf of British Association of Dermatologists



Imaging features

The main diagnostic patterns were selected based on
previous publications. The dermoscopic features are
described in Table 1. For LC-OCT, a selection of crite-
ria based on histological diagnostic features and previ-
ously described OCT and RCM terminology was
developed (Table 1).2272° In addition, image quality
and confidence with diagnosis and subtype were
reported semiquantitatively (low < 50%, average 50—
75%, high > 75%).

Statistical analysis

For descriptive statistics, mean + SD were calculated
for numerical variables, while absolute numbers with
percentage values were used for nominal variables. To
evaluate the diagnostic accuracy of LC-OCT in detect-
ing different BCC subtypes, the sensitivity, specificity,
positive predictive value (PPV), negative predictive
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value (NPV), and area under the curve of the receiver-
operating characteristic curve were calculated. Der-
matopathology was considered the gold standard.
Multinomial regression with stepwise selection of vari-
ables was used to search for LC-OCT characteristics
that would differentiate between BCC subtypes. Vari-
ables without explanatory value as measured by the
Akaike information criterion were excluded by bidirec-
tional elimination. All statistics were performed in R
software (V3.6.0, 2; R Foundation for Statistical Com-
puting, Vienna, Austria). P < 0.05 was considered sta-
tistically significant.

Results

Epidemiology

In total, 52 patients (35 men, 17 women, mean age
71 years) with Fitzpatrick skin phototypes I-III with

Table 1 Main line-field confocal optical coherence tomography in detecting different basal cell carcinoma subtypes evaluated in the

study with their relative and absolute frequencies.

BCC subtype

Nodular—
All Nodular Superficial Infiltrative superficial
Orientation % n/N % n/N % n/N % n/N % n/N
En coupe (vertical)
Epidermis
Hyperkeratosis 32.7 17/52 32.0 8/25 9.1 /11 60.0 3/5 45.5 5/11
Thinning 46.2 24/52 44.0 11/25 36.4 4/11 40.0 2/5 63.6 7/11
Scales 26.9 14/52 24.0 6/25 27.3 3/11 40.0 2/5 27.3 3/11
Keratin plugs 5.8 3/52 8.0 2/25 0 0/11 0 0/5 9.1 1711
Ulceration 21.2 11/52 16.0 4/25 18.2 2/11 20.0 1/5 36.4 4/11
Atypical keratinocytes 76.9 40/52 68.0 17/25 81.8 9/11 0 0/5 100.0 11/11
DEJ and dermis
Alteration of the DEJ profile 98.1 51/52 96.0 24/25 100.0 11/11 100.0 5/5 100.0 11/11
Tumour nests/lobules 98.1 51/52 100.0 25/25 100.0 11/11 80.0 4/5 100.0 11/11
Clefting 96.2 50/52 100.0 25/25 90.9 10/11 80.0 4/5 100.0 11/11
Prominent vessels/neoangiogenesis 96.2 50/52 92.0 23/25 100.0 11/11 100.0 5/5 100.0 11/11
Bright structures 42.3 22/52 56.0 14/25 18.2 2/11 20.0 1/5 45.5 5/11
Shoal of fish pattern 13.5 7/52 4.0 1/25 0 0/11 100.0 5/5 9.1 1711
String of pearls pattern 42.3 22/52 12.0 3/25 90.9 10/11 20.0 1/5 72.7 8/11
White hyper-reflective stroma 94.2 49/52 92.0 23/25 90.9 10/11 100.0 5/5 100.0 11/11
Black areas/cysts 19.2 10/52 12.0 3/25 18.2 2/11 40.0 2/5 27.3 3/11
Cell polarization 67.3 35/52 64.0 16/25 72.7 8/11 80.0 4/5 63.6 7M1
En face (horizontal)
Atypical honeycomb 76.9 40/52 68.0 17/25 81.8 9/11 0 0/5 100.0 11/11
Clefting 53.8 28/52 60.0 15/25 45.5 5/11 40.0 2/5 54.5 6/11
Cord-like structures 11.5 6/52 8.0 2/25 36.4 4/11 0 0/5 0 0/11
Dark silhouettes 46.2 24/52 40.0 10/25 63.6 7111 60.0 3/5 36.4 4/11
Tumour nests/lobules 65.5 33/52 72.0 18/25 36.4 4/11 60.0 3/5 72.7 8/11
Canalicular vessels 71.2 37/52 76.0 19/25 72.7 8/11 80.0 4/5 54.5 6/11
Collagen alterations 98.1 51/52 100.0 25/25 90.9 10/11 100.0 5/5 100.0 11/11
BCC, basal cell carcinoma; DEJ, dermoepidermal junction.
© 2021 The Authors. Clinical and Experimental Dermatology published by Clinical and Experimental Dermatology (2021) 46, pp1471-1481 1473
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histologically confirmed BCCs were enrolled in the
study. Most BCCs arose in the head and neck area
(51.9%), followed by the trunk (34.6%) and limbs
(13.5%).

Diagnostic confidence

Diagnostic confidence for BCC subtype (high, average
and low, respectively) was 44.2%, 42,3% and 13.5%
for dermoscopy, and 78.8%, 15.4% and 5.8% for LC-
OCT. LC-OCT increased the examiners’ diagnostic con-
fidence by 36.5%. Diagnostic confidence (high and
average, respectively) was 68% and 24% for OCT, and
44% and 31.5% for RCM was: high. LC-OCT image
quality was high in 75% of cases and average in the
remaining 25%.

Imaging features

The main dermoscopic features are shown in
Table S1, and the main overall LC-OCT features of
BCCs are shown in Table 1.

In vertical mode, nBCCs were mainly characterized
by atypical keratinocytes in the epidermis above them
(68%), an altered dermoepidermal junction (DE]) pro-
file as determined by connected or underlying tumour
lobules (96%), tumour nests/lobules in the dermis
(100%), dark clefting (100%), prominent vessels
(92%) and white hyper-reflective stroma (92%). In
horizontal mode, an atypical honeycomb pattern

(68%), tumour nests/lobules (72%), dark silhouettes
(40%) and collagen alterations (100%) were seen
(Figs 1 and 2; Fig. S1, Video S1, Table 1).

Figure 1 (a—f) Appearance of a nodular—superficial basal cell carcinoma of the face in a 60-year-old man as visualized by (a) conven-
tional microscopy (haematoxylin and eosin, original magnification x 100), (b—e) line-field confocal optical coherence tomography in

(b, c) vertical and (d, e) three-dimensional mode, and (f) dermoscopy (original magnification x 10). Note the hyporeflective ovoid struc-
tures arranged in a string of pearls pattern (arrow), together with the beginning of nodular components (arrow), which have lost their
connection to the epidermis, separated by a discrete stromal reaction (star).

1474 Clinical and Experimental Dermatology (2021) 46, pp1471-1481
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Figure 2 (a—e) Appearance of a nodular-micronodular basal cell carcinoma of the face in a 75-year-old woman, as visualized by

(a) conventional microscopy (haematoxylin and eosin, original magnification x 140); (b—d) line-field confocal optical coherence
tomography in (b) vertical and (c, d) three-dimensional mode, and (e) dermoscopy (original magnification x 10). Note the hyporeflec-
tive ovoid structures/lobules of different sizes in the dermis (arrow), pushing towards the thinned epidermis and surrounded by stromal

reaction (star).

For sBCCs, atypical keratinocytes were noticed in
81.1% of cases, while an altered DEJ profile, tumour
nests/lobules, white hyper-reflective stroma and promi-
nent vessels were seen in 100% of cases. Cell polariza-
tion was seen in 72.7% of cases, and the ‘string of
pearls’ pattern in 90.9% (Figs 1 and 3, Figs S1 and
S3).

By contrast, the infiltrative subtypes were character-
ized by the so-called ‘shoal of fish’ pattern (100%)
(Fig. 4). Mixed subtypes equally displayed the ‘string
of pearls’ patterns as well as deeper ovoid tumour
nests/lobules with no connection to the epidermis.

Agreement

The overall BCC subtype agreement between LC-OCT
and conventional histology was 90.4% (95% CI 79.0—
96.8), compared with 84% for OCT and 62.5% for
RCM.

The sensitivity, specificity, PPV and NPV values of
LC-OCT for different BCC subtypes are shown in
Table 2, with ROC curves in Fig. 5. Multinomial

© 2021 The Authors. Clinical and Experimental Dermatology published by
John Wiley & Sons Ltd on behalf of British Association of Dermatologists

regression with stepwise selection of variables identi-
fied the following features as most useful in distin-
guishing BCC subtypes: epidermal thinning, atypical
honeycomb pattern, prominent vessels/neoangiogene-
sis, shoal of fish pattern, string of pearls pattern and
white hyper-reflective stroma. Bidirectional elimination
excluded (en face) tumour nests and (en face) clefting
(Tables S2 and S3).

Discussion

In vivo BCC morphology has been widely character-
ized using, among others, the techniques of RCM and
OCT. Longo et al. developed an RCM algorithm for
differentiating BCC subtypes, with the key -criteria
being cord-like structures for sBCCs, large tumour
nests and clefting for nBCCs, and dark silhouettes and
abundant bright compact collagen for iBCCs.'® Con-
ventional OCT has been used for the noninvasive
characterization of BCCs,>?°2% and the specific fea-
tures identified were hyporeflective ovoid struc-
tures originating from the stratum basale/DE],

Clinical and Experimental Dermatology (2021) 46, pp1471-1481 1475
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Figure 3 (a—e) Superficial basal cell carcinoma of the leg in a 54-year-old woman as visualized by (a, b) line-field confocal optical
coherence tomography in vertical mode, (c) optical coherence tomography and (d,e) Vivastack reflectance confocal microscopy. Note
the hyporeflective ovoid structures or tumour nests/lobules of different sizes in the dermis arranged in a string of pearls pattern (arrow),

surrounded by stromal reaction (star) and dilated vessels (+).

corresponding to tumour nests, either with contact to
the DEJ (string of pearls pattern) in sBCCs, or sepa-
rated from the DEJ in nBCCs; and a dark rim, white
hyper-reflective stroma, cysts and shoal of fish struc-
tures in iBCCs.'' Dedicated Cochrane reviews have
confirmed a role for both RCM and OCT in the diag-
nosis of clinically challenging BCCs.”'? In a pilot
study, a combination of OCT and RCM showed good
correlation to key histopathological features of infiltra-
tive BCCs.*?

LC-OCT can be seen as a method for combining the
aforementioned diagnostic tools. LC-OCT images can
be intuitively evaluated by physicians trained in non-
invasive diagnostic technologies and with at least
basic knowledge of skin histopathology. In fact, verti-
cal (en coupe) scans are directly comparable to OCT
images and histology, while horizontal (en face) scans

1476 Clinical and Experimental Dermatology (2021) 46, pp1471-1481

can be related to RCM and dermoscopy. Preliminary
studies conducted with available LC-OCT prototypes
reported good correlations with histopathology in pilot
settings.'*3° However, there is a lack of systematic
studies on large numbers of cases, with only one very
recent study analysing 66 BCCs of pure histological
subtypes.'® Suppa et al. described lobules, blood vessels
and small bright cells within epidermis as the most
common criteria for BCCs. They also associated hemi-
spheric lobules, connection with the epidermis and
absence of stretching of the stroma with sBCCs;
macrolobules, absence of connection to the epidermis
with nBCCs; and branched lobules with iBCCs.'® We
observed similar features, but we have described our
nomenclature based on the standard histological pat-
terns, known RCM criteria for cytology and known
OCT criteria for morphology.

© 2021 The Authors. Clinical and Experimental Dermatology published by
John Wiley & Sons Ltd on behalf of British Association of Dermatologists
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Figure 4 (a—e) Infiltrative basal cell carcinoma of the face in a 60-year-old man as visualized by (a) conventional microscopy (haema-
toxylin and eosin, original magnification x 40), (b, c¢) line-field confocal optical coherence tomography in (b) vertical and (c) three-
dimensional mode, (d) clinical examination and (e) dermoscopy (original magnification x 10). Note the bizarrely configured,
hyporeflective, branched strands arranged in a shoal of fish pattern (arrow), separated by a discrete stromal reaction (star).

The most intuitive BCC feature in our analysis is the
tumour nest/lobule, which corresponds to its histologi-
cal counterpart. Dark peritumoral clefting correspond-
ing to mucin clearly delimitates the nests, which are
surrounded by a bright collagenic stromal reaction in
most cases.

Compared with conventional OCT, LC-OCT provides
a higher resolution, which allows visualization of cel-
lular components. In particular, larger cells, such as
keratinocytes and activated melanocytes, can be
clearly seen. In BCCs, slightly atypical keratinocytes in
the epidermis and atypical cells in the tumour/lobules
(described as cells of different sizes, shapes and con-
tours) are visible. The cells in the tumour nests/lobules
are hyporeflective with a hyper-reflective border and
can either be polarized in overlapping strands or some-
times occur in a classic peripheral palisading. Analo-
gously, pigmented BCCs sometimes show more hyper-
reflective components, possibly corresponding to mela-
nocytes infiltrating the BCC, or to melanophages or
pigmented keratinocytes, in line with previous experi-
ence with RCM and OCT.

© 2021 The Authors. Clinical and Experimental Dermatology published by
John Wiley & Sons Ltd on behalf of British Association of Dermatologists

The alteration of the DEJ seen in RCM and OCT
becomes an alteration of the DEJ profile in LC-OCT
compared with healthy skin, as tumour nests/lobules
appear to be either connected to the epidermis (in
sBCCs) or pushing it upwards (in nBCCs).

In our experience, nBCCs are extremely well charac-
terized with ovoid nests/lobules in the dermis, pushing
against the DEJ and causing a thinning of the epider-
mal layers. Micronodular tumours were also distin-
guishable by their smaller lobular components.
Sometimes, dark holes were seen inside the nests,
probably due to cysts and/or necrosis.

In the case of sBCCs, the tumour nests/lobules,
which were slightly elongated, were clearly identifiable
as a series of small ovoid nests/lobules connected with
the DEJ] and with each other through streamlined
cords (string of pearls pattern). In contrast to conven-
tional OCT, however, the epidermis does not appear
irregularly thickened, but can be mostly distinguished
from the tumour lobules connected to it.

Infiltrative tumours are usually more difficult to
diagnose, as they do not have well-defined roundish

Clinical and Experimental Dermatology (2021) 46, pp1471-1481 1477
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Table 2 Diagnostic accuracy of line-field confocal optical coher-
ence tomography in detecting different basal cell carcinoma sub-

types.

BCC type

Point estimates (95% Cl)

Nodular
Apparent prevalence
True prevalence
Sensitivity
Specificity
Positive predictive value
Negative predictive value
Positive likelihood ratio
Negative likelihood ratio
Kappa
AUC

Superficial
Apparent prevalence
True prevalence
Sensitivity
Specificity
Positive predictive value
Negative predictive value
Positive likelihood ratio
Negative likelihood ratio
Kappa
AUC

Infiltrative BCCs
Apparent prevalence
True prevalence
Sensitivity
Specificity
Positive predictive value
Negative predictive value
Positive likelihood ratio
Negative likelihood ratio
Kappa
AUC

Nodular-superficial BCCs
Apparent prevalence
True prevalence
Sensitivity
Specificity
Positive predictive value
Negative predictive value
Positive likelihood ratio
Negative likelihood ratio
Kappa
AUC

0.48
0.48
0.96
0.96

0.34-0.62
0.34-0.62
0.80-1.00
0.81-1.00
0.96 (0.80-1.00
0.96 (0.81-1.00
25.92 (3.78-177.68)
0.04 (0.01-0.28)
0.92 (0.82-1.00)
0.96 (0.91-1.00)

0.17 (0.08-0.30
0.21 (0.11-0.35
0.82 (0.48-0.98
1.00 (0.91-1.00
1.00 (0.66-1.00
0.95 (0.84-0.99
Inf (NaN—Inf)
0.18 (0.05-0.64)
0.88 (0.71-1.00)
0.98 (0.95-1.00)

0.12 (0.04-0.23
0.10 (0.03-0.21
1.00 (0.48-1.00
0.98 (0.89-1.00
0.83 (0.36-1.00
1.00 (0.92-1.00
47.00 (6.76-326.73)
0.00 (0.00-NaN)
0.90 (0.70-1.00)
0.92 (0.75-1.00)

0.23
0.21
0.91

(0.13-0.37)
(0.11-0.35)
(0.59-1.00)
0.95 (0.83-0.99)
0.83 (0.52-0.98)
0.97 (0.87-1.00)
18.64 (4.76-72.94)
0.10 (0.01-0.62)
0.83 (0.65-1.00)
0.90 (0.79-1.00)

050
Specificity

Sensitivity
8

‘Specificity

Sensitivity
g

050
Specificity

AUC, area under the curve; Inf, infimum; NaN, not a number
(undefined).

nests but rather elongated, slightly hyporeflective
strands/branched lobules, surrounded by a bright col-
lagen reaction. This feature defines the ‘shoal of fish’ ooty "

pattern, also YISIbFC n O.CT' . . Figure 5 Receiver-operating characteristic curves: (a) nodular
BCC subtyping is crucial for choosing an appropriate basal cell carcinoma (BCC), (b) superficial BCC, (c) infiltrative
therapy, while superficial and thin nodular BCCs can BCC and (d) nodular-superficial BCC.

1478 Clinical and Experimental Dermatology (2021) 46, pp1471-1481 © 2021 The Authors. Clinical and Experimental Dermatology published by
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be treated with local therapy options, thick nodular
and infiltrative BCCs should be excised with (Mohs)
surgery. Up to 40% of BCCs in daily clinical practice
are of mixed subtype, and a normal punch biopsy is
often too small to ensure complete lesion sampling.>*

In vivo mapping with LC-OCT is able to scan the
whole lesion and is able to identify the individual com-
ponents of mixed tumours, providing an advantage
compared with standard punch biopsies.

In our analysis, one case of superficial BCC was
wrongly evaluated as nodular—superficial, probably due
to numerous sebaceous glands acting as confounders;
such entities appear as roundish hyporeflective struc-
tures with hyper-reflective borders, usually containing
lobules of large (sebaceous) cells. To avoid confounding,
we suggest combined evaluation of vertical and horizon-
tal images, as sebaceous glands and sebaceous hyper-
plasia appear in horizontal mode as sharply
demarcated, concentric, roundish structures in continu-
ity with hair follicles, in contrast to BCC tumour nests.

In LC-OCT horizontal sections, the following BCC
patterns were found: an atypical honeycomb pattern
defined by polygonal bright keratinocytes of different
sizes, shapes and contours; canalicular blood vessels;
bright collagen stromal reaction/elastosis; and ovoid
hyporeflective tumour nests with dark clefting and pal-
isading. In our experience, these characteristics
appeared less well defined than with RCM.

In our opinion, the main advantages of LC-OCT are
the nearly cellular resolution and the good penetration
depth reaching the dermis, combined with the instant
switch from vertical to horizontal mode, the user-
friendly software and the fast camera-guided image
acquisition in three dimensions, which allows naviga-
tion of the whole tumour.

Nevertheless, some limitations exist. For example,
distinguishing between nBCCs and sBCCs can some-
times be difficult, the tight connection of the tumour
islands to the DEJ might be overlooked. In addition,
some deep nodular components might not be visual-
ized because of limits to the penetration depth of LC-
OCT (which is less than conventional OCT), so that
the possibility of missing deeper nodular components
exists. For the same reason, determination of BCC
thickness of the BCC is limited with LC-OCT compared
with conventional OCT, as it is with RCM. Infiltrative
BCCs require caution, as elongated tumour strands
can sometimes be misinterpreted as blood vessels by
nonexpert observers. Some significant differential diag-
noses, for example with melanocytic tumours, are
more difficult using LC-OCT compared with RCM
because of the slightly lower resolution of the LC-OCT
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device. All the cited technologies can encounter limits
in scanning difficult-to-reach anatomical areas, such
as the inner eyelids. In doubtful cases, short-term
follow-up or a biopsy should be performed.

This work was limited by the smaller number of
iBCCs and RCM/OCT acquisitions. Moreover, the mul-
tiple but small Vivastacks images for mapping the
whole tumour area might be responsible for the lower
diagnostic confidence attributed to RCM. A larger, sys-
tematic comparison study should be conducted to fur-
ther analyse the advantages and pitfalls of the
different technologies.

Conclusion

Our study describes the most common LC-OCT features of
BCCs compared with histological findings, and shows that
the device provides significant additional morphological
details compared with naked eye examination and der-
moscopy for diagnosing BCCs and their histological sub-
types. This could have important practical consequences
as it allows the clinician to immediately assign the correct
treatment for the patient. Similar to other, already estab-
lished, noninvasive diagnostic methods, LC-OCT is quick,
painless and intuitively comparable to histology following
dedicatedtraining.
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What's already known about this topic?

* The novel imaging technique of LC-OCT has
been shown in small case series to be able to
noninvasively characterize healthy skin and
potentially nonmelanoma skin cancer, as a result
of its good resolution and penetration depth.

» There is to date just one systematic study defin-
ing the LC-OCT diagnostic criteria for BCC.

What does this study add?

* LC-OCT is useful for the in vivo diagnosis and
characterization of BCC subtypes with high sensi-
tivity and specificity compared with histology.

» The comparison with other imaging technolo-
gies shows the advantages and limitations of this
new imaging method.
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Supporting Information

Additional Supporting Information may be found in
the online version of this article:

Figure S1. (a—d) Nodular basal cell carcinoma on the
face of a 75-year-old woman as visualized under (a,b)
line-field confocal optical coherence tomography in (a)
vertical and (b) horizontal mode, (c) optical coherence
tomography and (d) Vivastack reflectance confocal
microscopy. Note the hyporeflective ovoid structures/
lobules of different size in the dermis (arrow), sur-
rounded by stromal reaction (*).
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Figure S2. (a—d) Superficial basal cell carcinoma on
the back of a 47-year-old man as visualized under (a)
conventional microscopy (haematoxylin and eosin,
original magnification x 100), (b) line-field confocal
optical coherence tomography in vertical mode and (c)
dermoscopy (original magnification x 10). Note the
hyporeflective ovoid structures arranged in a string of
pearls pattern (arrow), surrounded by a dark rim cor-
responding to peripheral clefting (*).

Figure S3. (a—c) Superficial basal cell carcinoma of
the leg in a 54-year-old woman as visualized under
(a) conventional microscopy (haematoxylin and eosin,
original magnification x 100), (b) line-field confocal
optical coherence tomography in vertical mode and (c)
dermoscopy (original magnification x 10). Note the
hyporeflective ovoid structures arranged in a string of
pearls pattern (arrow), surrounded by dark rims corre-
sponding to peripheral clefting (*). A hyperkeratotic
crust (triangle) overlies the epidermal layer. Addition-
ally, a sebaceous gland (rhombus) is visible.

Table S1. Main dermoscopy features of BCCs evalu-
ated in the study with their relative and absolute fre-
quencies.

Table S2. Multinomial logistic regression with step-
wise selection of variables to search for LCOCT charac-
teristics helping in the distinction of BCC subtypes.
Table S3. Final model.

Video S1. Line-field confocal optical coherence tomog-
raphy three-dimensional acquisition of a pigmented
nodular basal cell carcinoma.
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